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ADVERTISEMENT. 

[Bulletin No. 84.] 

The publications of the United States Geological Survey are issued in accordance with the statute 
approved March 3, 1879, which declares that-

''The publications of the Geological Survey shall consist of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports · 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other· 
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization; and the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 

On .July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress: 

"That whenever any document or report shall be ordered printed by Congress, there shall be printed,· 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 

Except in those cases in which an extra number of any publication has been supplied to the Survey 
by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has 
no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. so. 79 pp. 
1 map.-A preliminary report describing plan of organization and publications. 

II. Second Annual Report of the United States Geological Survey, 1880-'81, by .J. W. Powell. 1882. 
so. lv, 588 pp. 62 pl. 1 map. 

III. Third Annual Report of the United States Geological Survey, 1881-'S2, by J. W. Powell. 1883. 
so. xviii, 564 pp. 67 pl. and maps. 

IV. Fourth Annual Report of the United States Geological Survey, 1882-'ga, by J. W. Powell. 1884. 
go, xxxii, 473 pp. g5 pl. and maps. 

V. Fifth Annual Report of the United States Geological Survey, 1g83-'84, by J. W. Powell. 1885. 
so. xxxvi, 469 .PP· 58 pl. and maps. 

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885. 
so. xxix, 570 pp. 65 pl. and maps. 

VII. Seventh Annual Report of the United States Geological Survey, 1g85-'S6, by J. W. Powell. 1888. 
so. xx, 656 pp. 71 pl. and maps. 

VIII. Eighth Annual Report of the United States Geological Survey, 1886--'87, by J. W. Powell. 1889. 
go, 2 v. xix, 474, xii pp. 53 pl. and maps; 1 p. l. 475-1063 pp. 54--76 pl. and maps. 

IX. Ninth Annual Report of the United States Geological Survey, 1Sg7-'g8, by J. W. Powell. 1889. 
so. xiii, 717 pp. gg pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 188S-'g9, by J. W. Powell. 1890. 
so. 2 v. xv, 774 pp. 9g pl. and maps; viii. 123 pp. 

XI. Eleventh Annual Report of the United States Geological Survey, 1ggg_•9o, by J. W. Powell. 1891. 
so. 2v. xv, 757pp. 66pl. and maps; ix, 351pp. 30pl. 

XII. Twelfth Annual Report of the United States Geological Survey, lg90-'91, by J. W. Powell. 1891. 
so. 2 v. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl (}ilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map. Price $1.50. 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U. S. A. 

1882. 40, xiv, 264 pp. 42·pl. and atlas of 24 sheets folio. Price $10.00. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882. ,o, xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50. 

I 



n ADVERTISEMENT. 

V. The Copper-Bearing Rooks of Lake Superior, by Roland Duer Irving. 1883. 40, xvi, 464 pp. 
151. 29 pl. and maps. Price $1.85. 

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 
Fontaine. 1883. 40. xi, 144 pp. 54 1. 54 pl. Price $1.05. 

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4P. xiii, 200 pp. 16 
pl. Price $1.20. 

VID. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 40, xiii, 298 pp. 
24 l. 24 pl. Price $1.10. 

IX. Brachiopoda and Lamellibranohiata of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. 1 map. Price $1.15. 

X. Dinooerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 
1886. 4°. xviii, 243 pp. 56 1. 56 pl. Price $2. 70. 
~· Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 

Cook Russell. 1885. 40, ' xiv, 288 pp. 46 pl. and maps. Price $1.75. 
XII. Geology and-Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. 
XIII. Geology of the Quicksilver Deposits of the Pacific Slopef with atlas, by George F. Becker. 

1888. 40, xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val

ley, by JohnS. Newberry. 1888. 40, xiv, 152 pp. 26 pl. Price $1.00. 
XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 40, xiv, 377 

pp. 180 pl. Text and plates bound separately. Price $2.50. 
XVI. The Paleozoic Fishes ofNorthAmerica, by John Strong Newberry. 1889. 40, 340pp. 53 pl. 

Price $1.00. 
XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
In press: 

XVIIT. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. 

XIX . . The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving 
and C. R. Van Rise. 

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 
In preparation: 

XXI. 1.'he Tertiary Rhynohophorons Coleoptera of North America, by Samuel Hubbard Scudder. 
XXII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff, 

T. Nelson Dale, and Bayard T. Putnam. 
-Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield. 
- Sauropoda, by 0. C. Marsh. 
- Stegosauria, by 0. C. Marsh. 
- Brontotheridre, by 0. C. Marsh. 
-Report on the Denver Coal Basin, by S. F. Emmons. 
-Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmons. 
-The Glacial Lake Agassiz, by Warren Upham. 

BULLETINS. 

1. On Hypersthene-Andesite and on Triclinio Pyroxene in Augitic Rocks, by Whitman Cross, with a 
Geological Sketch o.f 13uffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price 10 cents. 

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., com. 
pnted by Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents. 

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 760 30', from Tompkins County, 
New York, to Bradford County, Pennsylvania, by HenryS. Williams. 1884. 8°. 36 pp. Price 5 cents. 

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. so. 325 pp. 

Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. so. 43 pp. Price 5 cents. 
7. Mapoteoa Geologica Americana. A Catalogue ot Geological Maps of America (North and South), 

1752-1881, in geographic and chronologie order, by Jules Marcou and John Belknap Marcou. 1884. 
so. 184 pp. Price 10 cents. 

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 
Van Rise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 

9. A report of work done in the Washington Laboratory during the fiscal year 1883-'84. F. W. Clarke, 
chief chemist. T. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents. 

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott. 
1884. so. 74 pp. 10 pl. Price 5 cents. 

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms. 
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. 
Gilbert. 1884. 8°. 66 pp. 6 pl. Price 5 cents. 
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12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. so. 
U pp. 3 pl. •price 5 cents. 

13. Boundaries of the United States and of the- several States and Territories, with a Historical 
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barns and Vincent 
Strouhal. 1885. 8°. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleont{}logy of California, by Charles A. White. 1885 .. so. 33 pp. 
Price 5 cents. 

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. so. 
86 pp. 3 pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 
the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. so. 44 pp. Price 5 
cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North .America, 
by Charles A. White. 1885. 8°. 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. so. 28 pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille

brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and 

Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White. 18S5. so. 25 pp. 5 pl. 

Price 5 cents. 
23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 18S5. S0 • 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quatenary Fossils and recent forms from American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall. 
1885. so. 336 pp. Price 25 cents. 

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. go. 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 18S5. 8°. 107 pp. Price 10 cents. 
27. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1884-'85. 1S86. so. 80 pp. Price 10 cents. 
28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, 

Md., by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North .American Jurassic, by Charles A. White. 1886. 

go, 41 pp. 4 pl. Price 5 cents. 
30. Second Contribution to the Studies on the Cambrian Faunas of North .America, by Charles Doo

little Walcott. 1S86. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach

nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents. 
32. Lists and Analyses of the Mineral Springs of the United States; a. Preliminary Study, by Alber 

C. Peale. 1S86. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by J. S. Diller. 1886. so. 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other groups, by Charles A. White. 1SS6. 8°. 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barns and Vincent Strouhal. 18S6. so. 62 

pp. Price 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barns. 1886. so. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1SS7. so. 354 pp. 57 pl. Price 25 cents. 
3S. Peridotite of Elliott County, Kentucky, by J. S. Diller. 18S7. so. 31 pp. 1 pl. Price 5 cents. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 18S7. so. 84. 

pp. 1 pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

so. 10 pp. 4 pl. Price 5 cents. 
41. On the Fossil Faunas of the Upper Devonian-the Genesee Section, New York, by Henry S • 

. Williams. 1887. 8°. 121 pp. 4 pl. Price 15 cents. 
42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1SS5-'86. F. W. Clarke, chief chemist. 1887. 8°. 152J?P· 1 pl. Price 15 cents. 
43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene 

A. Smith and Lawrence C. Johnson. 1SS7. 8°. 1S9 pp. 21 pl. Price 15 cents. 
44: Bibliography of North .American Geology for 18S6, by Nelson H. Darton. 1887. so. 35 pp. 

Price 5 cents. 
~. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 18S7. so. 94. 

pp. Price 10 cents. 
46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro• 

duction by N. S. Shaler. 18SS. S0 • 143 pp. Price 15 cents. 
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47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of 
Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1S88. so. S4 pp. Price 
10 cents. 

4S. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1SSS. so. SS pp. 
Price 10 cents. 

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 
Simpson Woodward. 1SS9. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood 
ward. 1889. 8°. 124 pp. Price 15 cents. · 

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. so. 102 pp. 
14 pl. Price 15 cents. 

52. Subaerial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook 
Russell. 1889. 8°. 65 pp. 5 pl. Price 10 cents. 

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. so. 55 pp. 10 pl. Price 10 
cents. 

54. On the Thermo-Electric Measurement of High Temperatures, by Carl :Barus. 1889. so. 313 pp. 
incl. 1 pl. 11 pl. Price 25 cents. 

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 
1S86-'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents. 

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. so. 72 pp. 
7 pl. Price 10 cents. 

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. so. 49 pp. 2 pl. 
Price 5 cents. 

58. The Glacial :Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and lllinois, by George 
Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. so. 112 pp. incl. 
1 pl. 8 pl. Price 15 cents. 

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. so. 45 pp. 
1 pl. Price 10 cents. 

60. Reportofwork done in the Division of Chemistry and Physics, mainly during the fiscal year 
1887-'88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents. 

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Waldemar 
Lindgren. 1890. 8°. 40 pp. 3 pl. Price 5 cents. 

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri· 
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Williams 
with an introduction by Roland Duer Irving. 1890. 8°. 241 pp. 16 pl. Price 30 cents. 

63. A :Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American 
species and a systematic arrangement of genera, by Anthony W. Vogdes. 1890. so. 177 pp. Price 
15 cents. 

64. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 
1888-'89. F. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents. 

65. Stratigraphy of the :Bituminous Coal :Field of Pennsylvania, Ohio, and West Virginia, by Israel 
C. White. 1891. 8°. 212 pp. 11 pl. Price 20 cents. 

66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence 
of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. so. 34 pp. Price 5 cents. 

67. The Relations of the Traps of the Newark System in the New Jersey Region, by Nelson Horatio 
Darton. 1890. so. 82 pp. Price 10 cents. · 

68. Earthquakes in California in 18S9, by James Edward Keeler. 1890. 8° •. 25 pp. Price 5 cents. 
69. A Classed and Annotated :Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1S90. 

so. 101 pp. Price 15 cents. 
70. Report on Astronomical Work of 1SS9 and 1890, by Robert Simpson Woodward. 1890. so. 79 pp. 

:Price 10 cents. 
71. Index to the Known Fossil Insects of theW orld, including Myriap()ds and Arachnids, by Samuel 

Hubbard Scudder. 1891. so. 744 pp. Price 50 cents. 
72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1S91. so. 

229 pp. Price 20 cents. 
73. The Viscosity of Solids, by Carl :Barus. 1S91. 8°. xii, 139 pp. 6 pl. Price 15 cents. 
74. The Minerals of North Carolina, by Frederick Augustus Genth. 1S91. so. 119 pp. Price 15 

cents. 
75. Record of North American Geology for 1S87 to 1889, inclusive, by Nelson Horatio Darton. 1891. 

so. 173 pp. Price 15 cents. 
76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry: Gannett, 

chief topographer. 1S91. so. 393 pp. Price 25 cents. 
77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. White. 1S91. so. 51 pp. 

' pl. Price 10 cents. 
7S. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1889-'90. F. W. Clarke, chief chemist. 1891. S0 • 131 pp. Price 15 cents. 
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79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, byJ. S. Diller. 1891. 8°. 
33 pp. 17 pl. Price 10 cents. 

80. Correlation papers-Devouian and Carboniferous, by Henry Shaler Williams. 1891. 8°. 279 PP. 
Price 20 cents. 

81. Correlation papers-Cambrian, by Charles Doolittle Walcott. 1891. so. 447 pp. 3 pl. Price 
25 cents. 

82. Correlation papers-Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3 pl. Price 20 cents. 
83. Correlation papers-Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pl. Price 15 cents. 
84. Correlation papers-Neocene, by W. H. Dall and G. D. Harris. 1891. 8°. 349 pp. 3 pl. Price 

25 cents. 
91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. Price 

10 cents. 

In !Jress: 
85. Correlation papers-The Newark System, by I. C. Russell. 
86. Correlation papers-Archean and Algonkian, by C. R. VanHise. 
87. Bibliography and Index of the publications of the U.S. Geological Survey, 1879-1892, by P. C. 

Warman. 
90. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1890-'91. F. W. Clarke, chief chemist. 
92. The Compressibility of Liquids, by Carl Barns. 
93. Some insects of special interest from Florissant, Colorado, by S. H. Scudder. 
94. The Mechanism of Solid Viscosity, by Carl Barns. 
95. Earthquakes in California during 1890-'91, by Edward S. Holden. 
96. The Volume Thermodynamics of Liquids, by Carl Barns. 
97. The Mesozoic Echinodermata of the United States, by W. B. Clark. 
98. Carboniferous Flora-Outlying Coal Basins of Southwestern Missouri, by David White. 
99. Record of North American Geology for 1891, by Nelson Horatio Darton. 

In preparation: 
88. Correlation papers-Pleistocene, by T. C. Chamberlin. 
100. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom-

ena, by W. S. Bayley. 
101. Insect fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 
102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by C. B. Boyle. 
103. The Trap Dikes of Lake Champlain Valley and the Eastern Adirondacks, by J. T. Kemp. 
- High Temperature Work in Igneous Fusion and Ebullition, Chiefly in Relation to Pressure, by 

Carl Barns. 
- Glaciation of the Yellowstone Valley, by W. H. Weed. 
-The Laramie and the ovPrlying Livingstone Formation in. Montana, by W. H. Weed, with Report 

on Flora, by F. H. Knowlton. 
- The Moraines of the Missouri Coteau, and their attemlant deposits, by James Edward Todd. 
- A Bibliography of Paleobotany, by David White. 
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Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883. so. xvii, 813 pp. Price 
50 cents. 

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. so. xiv, 1016 
pp. Price 60 cents. 

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1886. 
so. vii, 576 pp. Price 40 cents. 

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8°. viii, 813pp. Price 50 cents. 
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Price 50 cents. 

In preparation: 
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LETTER OF TRANSMITTAL. 

DEPART::\'IENT OF THE INT'ERIOR, 
U. S. GEOLOGICAL SURVEY, 

DIVISION OF GEOLOGIC CORRELATION, 
Washington, D. 0., July 12, 1891. 

SIR: I have the honor to transmit herewith a memoir by Messrs. 
William H. Dall and Gilbert D. Harris ou the Neocene of the United 
States, prepared for publication as a bulletin. 

The Division of Geologic Correlation was created for the purpose of 
summarizing existing knowledge with reference to the geologic forma
tions of North America, and especially of the United States; of dis
cussing the correlation of the formations found in different parts of the 
country with one another and with formations in other continents; and 
of discussing the principles of geologic correlation in the light of Amer
ican phenomena. The formations of each geologic period were assigned 
to some student already well acquainted with them, and it was arranged 
that he should expand his knowledge by study of the literature and by 
field examinations of classic localities, and embody his results in an 
essay. The general plan of the work has been set forth on page 16 of 
the Ninth Annual Report of the Survey and on pages 108 to 113 of the 
Tenth Annual Report, as well as in a letter of transmittal to Bulletin 
No. 80 of the Survey. 

The present essay is the fifth of a series, having been preceded by 
essays on the Carboniferous and Devonian, the Cambrian, the Creta
ceous, and the Eocene, prepared severally by Messrs. Williams, Walcott, 
White, and Clark, and constituting Bulletins 80, 81, 82, and 83. 

Besides assembling and systematically outlining the published mate
rial available for the correlation of the N eocene formations, the memoir 
makes important original contributions based on personal investigations 
by Mr. Dall in the field and in the laboratory. In respect to Florida 
these contributions are so important that it has seemed best to expand 
the chapter on that State so as to include practically all that is known 
of its geologic history. 

While using freely the terms of the Lyellian classification of the 
Cenozoic, the authors are of the opinion that the correlation of individ-
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ual American formations is impracticable; that an the present classifi
cations and correlations are provisional merely; and that in the nature 
of the case it is not to be expected that even the major divisions of 
European Cenozoic classification can be paralleled with synchronous 
divisions in America. Their use of the terms Eocene, Miocene, and 
Pliocene is analogous to that defined by Huxley as homotaxial. 

Very respectfully, your obedient servant, 

Hon. J. W. PowELL, 

Director U. S. Geological Survey. 

G. K. GILBERT, 

Geologist in charge. 



OUTLINE OF THIS PAPER. 

This paper, after discussing general principles connected with the study and de
scription of the Tertiary or Cenozoic rocks and fossils contained in them, takes up 
the Neocene deposits of the United States in particular. 

A chapter is devoted to a summary of what is known in regard to the Neocene 
ofthe eastern coast of the United States, each State in geographical order being 
separately considered, beginning at the north. The Strote of Florida, in regard to 
which much unpublished information was available, being entirely composed of 
Cenozoic rocks, and therefore as a type of StLch structure peculiarly interesting, is 
treated of in greater detail and more at length than in other cases. The part of this 
essay relating to the State of Florida. is really a. preliminary geological report on 
that State, of which the structure bas hitherto been very little known. The impor
tant fact that nntil the Pliocene period Florida., so fa.r as it was eleva. ted a.bove the 
sea, was an island separated from the mainland by a wide strait, is here first demon
strated. It is also shown that the strata are :p-robably gently folded lengthwise of 
the peninsula, and that in the trough now occupied by the "lake region" of Florida. 
in Pliocene time a large lake probably existed, to which the name of De Soto has 
been applied. The age of the remains of fossil vertebrate animals, which in south 
Florida are associated with the so-called ''pebble phosphates," is here definitely de
termined. 

After discussing by States the character and distribution of the Atlantic Neocene, 
a chapter is devoted to the consideration of the general geological movements and 
fluctuations ofland, sea~ currents, and water temperatures which appear to have 
been concerned in producing the characteristics described. 

In like manner the Neocene geology of the Pacific Coast has been treated, 
and in addition to that of California, Oregon, and Washington, a synopsis of data 
relating to British Columbia has been included, together with a summary of what is 
known in relation to Alaska during this epoch. The latter discussion contains a 
large amount of material extracted from unpublished notes coveriug some fifteen 
years' study and exploration by W. H. Dall in the Alaskan region, :tnd therefo~e adds 
materially to the sum of our know ledge in regard to that part of the United States. 

rrhe Great Interior region of the West is then taken up, and a summary of our 
knowledge in regard to its Neocene geology is brought together for the first time. 
While this is necessarily far from perfect, the very fact that such gaps exist· will 
stimulate the collection of information to supply the missing links. 

The essay closes with a list of names proposed for geological beds, groups, and 
formations in the American Cenozoic strata and a description of the data upon 
which the coloration ofthe general map is based. 
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THE NEOCENE OF NORTH AMERICA. 

BY WILLIAM H. DALL AND GILBERT D. HARRIS. 

INTRODUCTION. 

This paper has been prepared at the request of the Director of the 
U. S. Geological Survey as one of a series of essays on .American geo
logic systems, with the view of presenting a summary of the state of 
our knowledge of the N eocene of the United States. This summary 
being needed by a stated time, it has been necessary to attempt only 
what could be done in a satisfactory manner within that period, rather 
than what might have been practicable with unlimited time at one's 
disposal. It will be understood, therefore, that absolute completeness, 
however desirable, was neither attained nor sought. It is believed, 
nevertheless, that referenoe has been made to all facts of serious impor
tance within the scope of the paper as planned. 

It will be understood, to begin with, that the scope of this essay is not 
intended to include matters lying within the field of paleobotany, ver
tebrate paleontology, or the vulcanology of the .American N eocene. 

To sketch, from researches into the literature, the extent and charac
ter of the N eocene deposits on the coasts and in the interior regions ot 
the United States; to point out the sequence of the chief modifications, 
faunal and physical, of the regions concerned during the periods stated; 
to enumerate the names applied to geologic formations, beds, etc., 
included in the American N eocene; to refer to the chief sources of 
information bearing on the subject; and to indicate the work most 
urgently needed to be done in order to supply deficiencies in our knowl
edge;-these have been the objects kept in view. 

It has been found impracticable at the present time to do more for 
the Interior region than to summarize the literature. .Any attempt to 
correlate fresh-water deposits of limited extent with each other or 
with the marine beds laid down in the coast regions, presents such 
difficulties that authors differ greatly among themselves. The infor
mation, especially the knowledge of the fauna of these various beds, 
notwithstanding all 'that has been done and the extensive literature 
which exists, is extremely fragmentary and imperfect wbeu the whole 
field is considered. It has been found impossible to map some forma
tions of which the age is pretty well determined from the vertebrate 
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fauna, for the reason that authors have frequently refrained from stating 
the exact provenance of the fossils which they have described. 

The small scale of the map available for use in this connection has 
also tended to give this part of the present work a general rather than 
L" detailed character. This, perhapg, would have been advisable at any 
rate on account of the imperfection of our present knowledge. 

Time has not been available for researches iuto the literature of 
such extra-limital regions as Mexico, the Antilles, Greenland and the 
Dominion of Canada, which might very properly have been correlated 
with those relating to our own territory. 

Nearly all the literature of importance in the general history of 
research into the geology of the N eocene of America has been referred 
to by footnotes in the course of this essay. This literature is hardly 
to be separated as a class by itself from the general literature of the 
American Cenozoic. The names of Say, Conrad, Lyell, Lea, and 
f:,ogers are eminent among those who have contributed most to the 
progress of knowledge in this direction, to say nothing of others who 
are stillli ving. The same names would hold a similar preeminence in 
a discussion of the Eocene. To separate the history of research into 
the Neocene from the other geological investigations with which it was 
originally associated and is more or less firmly linked, has appeared a 
work of too little interest or importance to occupy time w ltich could be 
otherwise profitably employed; and therefore it has not been attempted. 

The character of the topography associated with the rocks of this 
series is referred to in the local discussions of particular regions. The 
rocks of the system, as a whole, have no such topographic distinctness 
from lithologically similar rocks qf other epochs as would make it prac
ticable to diagnose them without a knowledge of their fossil fauna. 
Indeed, one of the most necessary reforms in Cenozoic nomenclature is 
the elimination of such mineralogical designations as "White lime
stone", "Rotten limestone", "Lignitic", "Buhrstone", etc., for geolog
ical formations. However applicable they may be in describing single 
strata of a single section, the belief in their distinctiveness as applied 
to larger areas is responsible for much confusion. It has happened 
that strata ranging all the way from the Cretaceous to the Upper Mio
cene have been correlated and. discussed as a single stratigraphic unit · 
because they were all suitable for use in building chimneys. While 
this may be regarded as an extreme case, yet the principle is applicable 
to all the names above cited, and numerous others. 

Publications like the present are useful much as are milestones on 
public roads. They show us approximately how far we have gone and 
suggest by implication how far we still have to go. Fully aware of 
the inevitable imperfections of the present summary, reflecting as it 
does both the imperfection of our knowledge and the limitations of 
those concerned in its preparation, the writers hope that its very faults 
may stimulate new and more thorough investigation leading to wider 
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and more accurate knowledge ot the rich and interesting system of 
which it treats. 

From the perfection of its fossils and their close relationship to exist
ing faunas the paleontology of the N eocene has for the biologist a 
unique interest. Nowhere is there a more perfect succession of fossil
iferous beds of this epoch than on the Atlantic shores of the United 
States. We may therefore anticipate the inscription of a really epoch
making page in the history of organic evolution when the record of 
these faunas shall have been perfected. 

As regards the division of labor between the senior and junior 
authors of this paper, it may be stated that the work of searching the 
literature and bringing together the scattered data relating to particu
lar States or regions has been largely performed by Mr. Gilbert D. Har
ris. For the revision and correlation of this material and for the whole 
of the chapters on Florida, British Columbia and Alaska, and the gen
eral discussions embodied in the essay, Mr. Dall is responsible. The 
list of formations, whicl1, short as it is, has cost much labor and corre
spondence with authors who have proposed the names, has been pre
pared by M·r. Harris, who has also prepared the chapter on the Interior 
region. 

Bull. 84-2 
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CHAPTER I. 

GENERAL CONSIDERATIONS. 

EARLY CL.ASSIFIC.A'l'ION OF .AMERICAN CENOZOIC BEDS. 

The origiiial division of the Tertiary formations into Eocene, Miocene, 
and Pliocene by Deshayes and Lyell on the basis of the supposed per
centage of living forms in their fossil contents was, early in the history 
of American geology, applied by Lea1 and Conrad to the Cenozoic beds 
of the Atlantic coast. 

The discrimination of the Chesapeake Miocene from the Eocene, as 
soon as the beds and fossils were studied, followed as a matter of course. 
The gap between them, which farther south is partly bridged by strata 
of the Tampa and Chattahoochee groups, sufficiently emphasized the 
distinction thus drawn. Lea, in the publication above cited, doubting 
whether any Miocene in the European sense had been observed in 
America, referred the Miocene of Virginia, Maryland and New Jersey 
to the "Older Pliocene" of Lye1l, a term equivalent to Pliocene of our 
present notation; the "Newer Pliocene" being what we now term Pleis
tocene. 

About the same time Conrad2 had divided the Tertiary into Upper 
Marine (Miocene), Middle Tertiary (Eocene), and Lower Tertiary, fol
lowing the system of Oonybeare and Phillips; but in the second edition 
of his cited work (part 4, p. 36) he adopts the nomenclature introduced 
by Lea. Three years Iater3 he substituted for "Older Pliocene" the 
term "Medial Tertiary" (p. VI) which he sti1l regarded as the equiva
lent of Pliocene ( cf. p. 45). The use of the term Miocene as applied 
to the American strata now known as such was established by Conrad in 
1841, in a communication4 to the National Institution of Washington, 

1 Contributions to Geology, by Isaac Lea, Philadelphia: Carey, Lea, aml Blanchard. 1S33. so. pp. 
227, 6, pl.; cf. pp. 18-21. 

2 J<'ossil shells of the Tertiary formations of North America, by T. A. Conrad, Philadelphia, the au
thor, 1832, 8°. Introduction, pp. 9-14; 2d edition. Mar., 1835. 

a Fossils of the Tertiary formations of the Unite!l States, Philadelpllia: .r. Dobson. 1S38. so. 
4 Observations on a portion of the Atlantic Tertiary region. Proc. Nat. In st., 1841, 2d bull., p. 177; 

published in 1842. Isaac Lea, in his Contributions to Geology, 1833, p. 158, places thP. "Upper Tertiary 
(Conrad) of Virginia" in apposition to "the Miocene of Lyell." ln the same work, lwwever, on page 
211, he refers the fossils at St. Marys, Md., to the "Older Pliocene" of Lyell. 

Conrarl used the term Miocene in the first edition of the introductory part to the republication of 
No. 3, Fossil ~hells of the Tertiary .Formations, 1835, p. 36, in designation of that portion of the now 
so-called Miocene which outcrops at Stow Creek, N . .r., Charlotte Hall, and Choptank River, Maryland, 
aud is characterized by Perna maxillata Lam. In the second edition of this introduction these locali· 
ties are placed among those of the Older Pliocene. 

W. B. Rogers used the word Miocene as now understood April S, 1841, before a meeting of the .Ass.:~· 
ciation of American Geologists. See Silliman's .Journal, 1841, volume 41, p. 175. 
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in which he gives a table of the supra-Cretaceous deposits of' the At
lantic coast. In this the absence of the Pliocene between the J\iioeene 
or Medial Tertiary and the Pleistocene or Upper Tertiary i~ duly iudi
<·ated. Similar conclusions were announced by LyelP in 1842, as a re
sult of which the nomenclature of the chief divisions of the American 
Cenozoic series was definitely fixed. The marine strata of the Atlantic· 
coast, which are Pliocene as now understood, were first defillitely rc
feiTed to that epoch by Prof. Michael Tuomey in 1846. Ile found 
the percentage of living forms in certain beds of South Carolina to be 
nearly 50 per cent and, on that ground, referred2 the Carolinian fauna 
to the Pliocene of Lyell. CPhis fauna was afterward beautifully illus
trated in the well known publication by Prof. Tuomey and Dr. F. S. 
Holmes.3 It l1as since proved to be, as will be shown later, a mixed 
asHemblage, containing numerous Upper Miocene species, together with 
others properly reftTable to the Pliocene. 

UeaJizing the impracticability of a rigid application of the system of 
percentages employed by Lyell, Dana proposed4 for the American 
epo<'h referred to the Miocene by Lyell and Conrad the alternative 
term " Yorktown epoch," and for the American Pliocene the term 
"Sun-..ter epoch." In 1884 Prof. Heilprin prepared a convenient sum
mary5 and discussion of the existing knowledge of the Atlantic coast 
Tertiaries, in which he refers Tuomey's Pliocene to the uppermost part 
of the Miocene, leaving the question open as to the existence of gen
uine Pliocene on the Atlantic border. Assuming that the mixed assem
blage of Tuomey was a natural fauna, this course was justified by the 
presence in it of several characteristic Miocene types. 

In this publication Prof. Heilprin classified the Atlantic Miocene as 
follows: 

(1) CAROLINIAN (Upper Atlantic Miocene), comprising deposits of 
North and South Carolina, equivalent to the Sumter epoch of Dana. 

(2) VIRGINIAN (Middle Atlantic Miocene), comprising deposits of 
Virginia and of the "newer" group of l\farylaud, equivalent to part of 
Dana's Yorktown epoch. 

. IPron. Geol. Soc. London, l 842, vol. 3, pp. 735-742; also 1845, vol. 4, pp. 547-563. 
2Final report on the Geology of So 11th Ca.rolina, 1846. 
3Pliocene fossils of South Carolina, containing descriptions and figures of the Polyparia, Echinoder

mata, and Mollusca. Charleston, S. C., Russell & .Jones, 1857. This fine work appeare!l in quarto in 
bi·monthly numbers, as follows: Nos. 1 to 6 in 1855, Nos. 7 to 15 in 1856, the titl<' page and index: :mel 
pp. 1-xvi iu 1857. Each number comprised two plates and accompanying text; r o~. 3 aml 4, 5 and 6, 
9and 10,11 ancl12, 13 and 14 were double numbers. The total comprised pp. i-xvl, 152, ancl30 leaves 
unpaged explanatory of the plates. Each number l1ad a printed title on the cover, with date. 

4 Manualof Geology, by .James D.Da.na, Philadelphia: Bliss & Co. 1803. 8°. pp. xvi, 798; cf. pp. 506-507. 
The author remarks, in relation to the Lyellian percentages," These proportions are not capable of 
general application. It is possible that beds in America containing all extinct species may be syn
chronous with those of Europe in which there are 10 or 15 species of recent shells. Moreover, not even 
the subtlivisions in different parts of Europe can be made to correspou<l to these epochs; still they are 
convenient terms for Lower, Middle, and Upper Tertiary, and with proper caution may be use<l to the 

vantage of the science, op. cit., p. 506. 
5 Contributions to the Tertiary Geology and Paleontology of the Unitecl States, by Angelo Heil]Jrin; 

Philadelphia, the author, 188!, pp. {vi) 118, 4° and map. This work ia in part an expansion aud 
reissue of articles previously published by the author. 
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(3) MARYLANDIAN (Lower Atlantic Miocene), comprisil1g deposits of 
the "older" group of l\faryland and possibly the lower l\iiocene beds 
of Virginia, equivalent to that part of the Yorktown epoch not in
cluded in the Virginian. 

Prof. Heilprin further correlates the " Virginian" with the '' Second 
Mediterranean" of the Austrian geologists, a,nd with the faluns of 
Touraine. The "Marylandian" he correlates to a greater or less ex
tent with the "First l\Iediterranean" and with the faluns of Leognan 
and Saucats ( op. cit., p. 67). 

In the course of explorations in Florida, undertaken at the instance 
of Mr. Joseph Willcox, of Philadelphia, a fine series of Pliocene beds 
on the Caloosahatchie was explored iu 1886-'87 and identified as true 
marine Pliocene by Prof. Heilprin in an extensive report1 on the ex
pe<lition. This identification completed the series of the Atlantic Ter
tiaries, excluding all contested deposits. 

Beds of all three divisions of the Cenozoic were early recogni7.ed on 
the Pacific coast of the United States,2 and the fauna has been sum
marized by Gabb in the Paleontology of California, volume II1 1869, 
and more lately by Dr. J. G. Cooper.3 

These notes comprehend the chief points of interest in the history 
of the nomenclature of the marine Neocene of the United States. 
That of the fresh-water beds and strata containing terrestrial verte
brates of the great Interior region is still in an unsettled and more or 
less contested state, as will be pointed out in detail later in this ("Ssay. 

BOUNDARIES OF THE SUBDIVISIONS OF THE CENOZOIC. 

Preserving to some extent the Lyellian nomenclature for the chief 
divisions of the N eocene of America, while rejecting the method of 
percentages upon which it was originally based, it seems advisable to 
substitute provisional definitions for the chief subdivisions in pia~ of 
those we have discarded. 

EOCENE. 

The end of the Mesozoic in America was for the most part markP;d. by 
such physical changes that on the Atlantic coast at least little d]ffi- · 
culty bas been experieneed in determining the fundamental boundmry 
of the Cenozoic. ThP- presence of sundry species of nearly world-wide 
distribution, like Venericardia, plan-icosta, enables a certain correlation 
between the Eocene of Europe, of eastern and of western Ameriea to 
pass unchallenged. During the Eocene, or, .at all events, the latter :rurt 
-------------------------------------------------------------

1 Trans. Wagner Free Inst. of Science, Philadelphia, vol. 1, Philadelphia, the Institntc, 1887; cf. p. 
31. 

2 Uf. Report on the Geology of the Coast. Mountains anu part of the Sierra Nevada hy Dr. Joht> B. 
Trask; legislative document No. 9, Assembly, session of 1854, Sacramento, B. B. Reudiug, 95 pp. 'Jo, 
1854. See pp. 35, 39. 

a Ua.talogue Inv. fossils of the westerll slope of the United States. San Francisco: Bacon & f"o. 
1871, vi, 39 pp. 12mo., printed on one side only, for labels. Also, continued in Seventh Ann. J?., .,, 
State Mineralogist, Cal. State Mining Bureau, Sacramento, J.D. Young, 1888; pp. 223-308. . 
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of it, it is known that a fauna indicating warm temperate or subtrop
ical conditions extended on the Atlantic coast neM'ly to the Hud
son, and on the Pacific to Oregon. At the same time a more or less 
free communication between the Atlantic and Pacific oceans e""Kisted in 
the present Central American region. Toward the end of the Eocene 
a movement in elevation affected the equatorial and Gulf regions of the 
two Americas and the Antillean area between them. One result of this 
disturbance was the elevation of Yucatan and part of Florida above the 
sea and the serious diminution, though not complete closure, of the 
passages connecting the Atlantic and Pacific. 

MIOC.ENE. 

For present purposes, therefore, the Miocene may be defined as that 
period of geologic time which began with the culmination of a vertical 
movement which terminated -the Eocene and first raised central Florida 
above tJ.1e sea. 

As might be expected from the vertical range of this movement, the 
greater part of the littoral invertebrate fauna perished in the change, 
only those forms belonging to deeper water surviving. Among the 
forms which seem to have suffered total wreck at this time several large 
foraminifers, Orbitoides,t (?) Nurmmul,ites, etc., are conspicuous. 

A second and analogous vertical movement brought the Miocene to 
a close and appears to have been marked by the rlefinite and permanent 
connection of the Eocene island of Florida with the mainland to the 
north and west, and probably by the union of North and South America. 

The Miocene, as thus defined, is distinctly separable into two epochs, 
recognizable by their faunal facies. 

The first or Older Miocene presents a warm-water fauna, the inverte
brates being such as might, so far as temperature is concerned, have 
existerl in the preceding Eocene. The warm temperate conditions ex
hibited by the supposed Miocene leaf beds of Greellland were perhaps 
synchronous with the spread of this fauna, which can be traced as far 
as New Jersey, the conditions there being then similar to those now 
exhibited in the vicinity of the Isthmus of Panama. 

The second or Newer Miocene is characterized by the extension 
southward of a relatively cold-water fauna which took the place of the 
warm-water assemblage. This fauna extended to Florida and to the 
Appalachicola River. 

The first period is typified by the Chipola beds and the second period 
by the Ecphora bed or the Chesapeake Miocene in general. 

If the invasion of the cold-water fauna was consequent upon an ele
vation of the sea-bottom at the south deflecting off shore the gulf and 
equatorial currents and allowing a cold polar stream to find its way 

I Mr. J. C. Purves states, on the authority of Rupert Jones, that Orbitoides mantelli extends "jusq'au 
som.met du Miocene de la J amaiqne. "-Bull. du Musee Royal d ' Histoire N aturelle de Belgique. Tome 
UI, 1884, p. 290. 
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southward inshore, the changes which mark the inception of the Plio
cene might equally harmonize with a subsidence such as is called fm 
by the deposition of the Lafayette formation. 

PLIOCENE. 

The marine Pliocene of the eastern United States is marked by a 
return to the Floridian region of a warmer, chiefly Antillean, inverte
brate fauna. Many of the Chesapeake species survived the change 
and still persist in the Gulf region, indicating that the ehange, though 
obvious and well marked, was not sudden or cataclysmal. That the 
subsidence which permitted this influx from the south did not separate 
the two Americas or Florida from the mainland, is proved by the ap
pearance, in mid-Pliocene, of South American terrestrial vertebrates 
in great numbers on the shores of Florida, and also in the interior of 
the continent. -

By common consent the Glacial Period is taken as closing the Plio
cene epoch. Yet we may be confident that its end was gradually at
tained and there seems to be no obvious reason why the great Pliocene 
mammals might not long have enjoyed in Florida a peaceful existence, 
undisturbed by the northeastern ice sheet. The rocks show that no 
very great or very violent changes took place there, whatever may have 
happened on the borders of the Appalachian region. 

The minor divisions of the Neocene of the eastern United States will 
be found discussed in another place. 

GEOGRAPHIC PROVINCES OF THE AMERICAN NEOCENE. 

The deposits of this age divide themselves naturally into three prin
cipal geographical, faunal and dynamic regions, each of which has, for 
physical reasons, a certain individuality. 

These are the Atlantic and Paeific coast regions, offering marine fos
sils, and the Interior or terrestrial and fresh-water basins, offering an 
appropriate fauna and :flora. At present we are unable to correlate 
the Interior with the Coast regions in any general and satisfactory way, 
but with the increase of our knowledge of the stratigraphy and of tbe 
vertebrate remains, it can not be doubted that this desirable result will 
be within our reach. 

To what extent these regions, when Rufficiently studied, will admit of 
being subdivided into more limited natural areas, is yet quite uneertain. 
In faet, few paleontologists of America seem to have fully grasped the 
principles upon which such subdivisions must be based. For tbis 
reason it is perhaps advisable briefly to consider them. 

PRINCIPLES OF CLASSIFICATION. 

Apart from purely petrologic characters the Cenozoic formations ex
hibit several dynamic types marked by special features which distinctly 
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characterize them, but which are not to be regarded as evidence in dis
cussing their time relations. These are: 

(1) Marine sedimentary deposits, either littoral or deep water, char
acterized by the presence in either case of an appropriate fauna, aud 
the greater or less amount of included terrigenous material which in 
deep-sea deposits may be entirely absent. 

(2) Perezonal deposits; terrigenous, with a sparse fauna, if any, 
characteristic of the conditions of deposition, totally different from 
faunas of the preceding class, yet often absolutely Hynchronous with 
them. 

(3) Lake beds of the interior; and, lastly, 
(4) Subaerial and :fluviate deposits. 
All the:-;e varieties, corresponding to as many types of dynamic action, 

not only may have been, but must have been, in process of formation 
simultaneously. Every marine bed must have had its contemporary 
perezone, its river bottoms, its lake beds, its coutemporary abys~al 
fauna, with all their intermediate phases or diversities. 

From this it obviously follows that diversities in the fossil fauna of 
differeut beds do not, in the absence of stratigraphical evidence, neces
sarily indicate any want of geologic synchrony, unless the beds belong 
to a single dynamic type. 

It is now in order to consider how far in beds of the same type faunal 
differences may be relied upon to indicate time relatioiJS. ¥Vhcre there 
is no aid afforded by the stratigraphy, identity of fauna may fairly be 
regarded as establishing a presumption of synchrony. Is the reverse 
true, as has generally been taken for granted~ 

In showing that it is only relatively true, we shall be establiHhing 
only what is admitted by all biologis-ts. This might be thought un
necessary, but as a matter of fact paleoutologh;ts have seldom tested 
their conclusions by biological rules or even, if we may judge from the 
literature, indicated in any way their cognizance that such tests were 
applicable, still less that they were needed. 

Taking any synchronous and continuous invertebrate fauna, such as 
exists on either coast of the United States, let us consider by what it 
is characterized, and to what influences its diversities are due. 

Temperature is well known to be a potent factor in such cases. On 
the eastern coast of the United States we shall find that certain genera 
occur in cold northern waters as a characteristic feature of the fauna, 
and that as we trace their distribution southward they disappear fi'om 
the coast absolutely, if they are littoral species, or, if they are not by 
their habits necessarily littoral, by following the isotherms into the cold 
water of the deeps. The limits of the endurance of the species are prob
ably fixed by the capacity of the embryos. A very few degrees of cold 
below the normal at the time of spawning will absolutely prevent the 
development of embryos, and in a single generation may exterminate 
a whole species. A temperature inhibitory of their habitual food, 
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whether plant or animal, may be similarly destructive. Equally ten
der species, which have a different spawning time, may esca.pe if the 
depression of temperature is not too prolonged. Another way in 
which the existence of a species is affected through its embryos is con
nected with the Rpecific gravity of the water. If the species like the 
common oyster should have embryos of less specific gravity than that 
of the water in which they are spawned, being free-swimming during 
the short embryonic period, they would float, and if unable to r(•aeh 
the bottom would perish for want of a place of fixation. Tlms an 
oyster reef accustomed to / slightly brackish water, by a small subsi
dence surrounding it constantly with pure sea water (in whi~h the 
adults might flourish admirably, but through which the embryos could 
not sink to the bottom) might be wholly exterminated in one genen1tion. 
From these illustrations the student will perceive that cataclysms are 
by no means necessary to exterminate or seriously modify ·a fa una. 
The toleran0e in the direction of heat is apparently greater than that 
for cold, but this point has been less investigated. 

As the sea currents greatly influence the sea temperatures, so those 
features of the shore which deflect or modify the course of currents 
indirectly affect the fauna. Cape Cod and Cape Hatteras more or less 
influence the direction of the polar current and Gulf Stream circulation. 
They are, consequently, landmarks indicating notable changes in the 
fauna. To Cape Hatteras, and perhaps still farther south, cold water 
creeps along the shore. Off shore a few miles, though the water is not 
deep, the influence of this current is not felt, and numerous West Indian 
species, unknown along the shore, flourish in abundance. In shore 
from them various northern species maintain a precarious foothold; so 
that an east and west line would cut two faunas, one of southern and 
the other of northern facies, yet absolutely synchronous and closely 
adjacent. 

From the point of view of temperature, therefore, we note that a 
continuously distributed synchronous coast fauna of invertebrates is 
modified as regards its constituent organisms; (1) gradually, as the 
latitude; (2) suddenly, as by changes due to currents; (3) in bathy
metric station, or depth inhabited, by tending to follow the isotherms 
into deeper water. 

As we are considering only a shore fauna, or one which might exist 
between low-water mark and twenty fathoms, it is not necessary to 
consider the interesting series of influences peculiar to the station of 
deep-sea organisms. 

In the matter of food there are modifications of distribution due to 
geologic structure of the bottom. On the Alaskan coast I have noted 
that the red seaweeds grow only where granite or syenite rocks occur. 
The green seaweeds occur with them and also on the sandstones. On 
the basaltic shores and bottoms only olive-colored algrn appear. The 
fauna associated with the latter is different from that which frequents 
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the reg-ion of green and especially of red algre. These differenceR 
appear not only among the phytop1mgous animals, but also among the 
carnivotons forms which prey upon them and those which use the beds 
of algm merely as a refuge. If in the midst of basal tic areas were some 
small islets of granite, there inevitably, and only there, would the famil
iar species ofthe granitic or red seaweed area be found. Ordinarily 
abundance of food is manifested in the fine development and abundance 
of individuals rather than in any change in the number of species or the 
nature of the assemblage. 

The influence of the mechanical character of the bottom has been 
more fully recognized by paleontologists than by others, partly because 
it is reflected in the fauna and partly because the matrix of the fos~ils 
itself brings the question directly under the eye even of the closet phi
losopher. Very much more remains to be learned in regard to the 
details of these influences, and this must perforce be left to the biolo
gist who can study the matter in the field, since the conditions under 
which fossils are found rarely admit of the determination of all the 
factors in the problem. 

TABLE OF ZONES, WITH CENSUS OF FAUNA. 

It now becomes necessary to consider the general effect of those influ
ences which may be summed up under the term "di.llerence of latitude." 
This is best determined by an inspection of known recent faunas of 
which the following table will give a fair idea. The species which would 
be absent in a fossil state, such as Nudibranchs, naked cuttlefish, etc., 
have been eliminated. As mollusk faunas are tbe best k11own, and, 
whether reccut or fossil, most characteristic, they have been chosen to 
illustrate the argument. The number of species coutaiue<l in each 
fauna, the date and the authority for the enumeration, and the particu
lar fauna referred to are stated in parallel eolmnns. It is, of course, 
understood that these estimates are approximate only, some of the 
faunas beiug known less thoroughly than others, and the estimate of 
what constitutes a species differing with different naturalists. The esti
mates used here are, it is believed, rational and conservative, and, on 
the whole, are taken from much the same point of view, none of the 
absurdly exaggerated estimates which have been indulged in of late by 
certain amateurs having been admitted. The zones a<lopte<l in the 
table correspond approximately to the following ranges of the minimum 
temperature of the coldest winter month for the surface of the sea: 
boreal, to a range of from 32° to 400 F.; cool temperate, 40o to Goo; 
warm temperate, 60° to 700; tropical, 70° to 80°. These .figures are not 
exact, but our knowledge of the sea temperatures is too im prrfect to 
justify other than round numbers. The fluctuations of the maxima 
at the same stations are, of course, much greater than the minima, but 
they do not have the same important relation to the welfare of the 
species. 
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Table showing the number of shell-bearing rnarine species of mollusks contained in recent 
faunas of different temperature zones. 

Fauna. Enumerator. Date. 1 Species. 

1. Bo1·eal zone. 

Greenland ·----· .... ---- -----· .... 0. A. L. Morch ...... .. 1875 180 
Cape Cod to Cape Breton .......... A. E. VerrHl ...... ---- 1879 277 
Vineyard Sound (shallow) ____ ... _ _ A. E. Verril1 .. ___ .. __ _ 
New England Coast (abyssal)------ A. E. Verrill ...... ___ _ 
Arctic Norway .................•.. G. 0. Sars ............ . 

1871 177 
1888 296 
1878 332 

2. Cool temperate zone. 

Britain . ______ .. _ . _ . ___ ... _ . . . . • . . J. G. Jeffreys ...... _ •.. 
France, .Atlantic Coast ........ ····1 P. Fischer ............ . 
North and South Carolina._ .. _..... Knrtz and Bush ...... . 

1870 436 
1878 444 
1885 305 

Bermuda .......................... Dall ...•.•............ 1889 198 
Japan ............ _ ................ Lischke .............. . 1875 4-29 
New Zealand ...................... Von Martens ......... . 1885 439 
Upper California .....•...•..•.•... J. G. Cooper ....••.... 1867 598 

3. Wa1·m ternpm·ate zone. 

lEge an sea . . . . . . . . . . . . . . . . . . . . . . . . E. Forbes. . ..•.•••.... 
.Adriatic .......................... S. Brusina ........... . 

1840 405 
1866 536 

Sicily . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R. A. Philippi ........ . 1830 587 
Cape of Good Hope ................ F. Krauss ........... .. 1~48 383 
East Florida (abyssal) .. _.......... Dall ....•.•........... 
West Florida ............ _ ......•.. Dall ......... __ ..... .. . 

1889 260 
1889 681 

Isle of Reunion.................... Deshayes ............. . 1863 530 

4. T1·opical zone. 

, Mazatlan, Mexico ................. P. P. Carpenter........ 1857 654 
Panama ........................... C. B. Adams .......... 1852 517 
Guadeloupe Island, W.L .......... P. Fischer............. 1858 560 
Cuba ............................. A. d'Orbigny .......... 1842 595 
Suez .. __ ..... __ . . . . • . . . . . . . . .. . . . . R. MacAndrew .. .. . .. . 1869 81~ 
Average mollusk-fauna in the-

Boreal zone ................................................ _... 252 
Cool temperate zone...... .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407 
Warm temperate zone ........................ _... . . . . .. . . . . . . . . 483 
Tropical temperate zone........................................ 629 

I Of publication of list. 

Of these faunas it may be said that that of Greenland is extremely 
well known, but very sparse, other areas equally arctic haviJ1g a much 
richer fauna as regards species. The other boreal faunas are also 
quite thoroughly known, unless we except the deep-sea fauna off the 
coast of New England. There is, therefore, no reason to suppm;e that 
the average for this zone is far from the truth. 

Of the second, the British and French faunas are probably the best 
known of any in the world. The enumeration for the Carolinas is de
fective by underestimation to some extent. Bermuda has probably more 
species, but the variety of station is small and the fauna is more con
centrated than any of the others cited. The others mentioned under 
this head, of which Upper California is the best known, may be regarded 
as fairly representative. 



D!U.AND t 
IIA.BBJB, 5 CENSUS OF FAUNA. 27 

Of the warm temperate faunas that of the Adriatic is probably the 
most thorough; that of Sicily is old and perhaps somewhat deficient, 
but the lists of Mediterranean species have been of late years arti:ficial1y 
expanded so as to have little value for scientific purposes, and it became 
necessary to go to the older literature to find an enumeration which 
should be comparable with the others used in this table. The east 
Florida deep-water fauna represents the number of specieJ obtained 
from an examination of about a bushel of gravel from two or three casts 
of tho dredge in about 300 fathoms off ~'ernandina. There were no 
large shells in the gravel, put it represents much such an assemblage 
of specimens as might be obtained from sifting an equal quantity of fine 
shell marl. The West Florida fauna includes some deep-water species 
which in that region appear in quite moderate depths, as well as the 
littoral species. 

Of the tropical fauna cited, all probably err on the side of underesti
mation. That of Mazatlan is probably the best known. Doubtless 
there are localities in the Indo-Pacific region which would largely ex
ceed any of the estimates above cited in a complete enumeration of their 
shell-bearing mollusks, but none of these seemed sufficiently authenti
cated to be worthy of citation, and for a discussion of the fossils of our 
Tertiaries they would not be especial1y relevant. 

It will be noted that nearly all these citations are of faunas sufficiently 
diffused, or, rather, of areas sufficiently large to eliminate differences due 
to station within the 100-fathom line. 

It is not probable that within the narrow limits of a single collecting 
spot or beach all the species of any cited fauna could be found, but in 
collecting fossils access to the original sea bed is so much facilitated and 
the possibility (as from our Neocene marls) of making a complete col
lection at any one spot so much more favorable, that it is quite certain 
that the fauna will be more adequately represented than any recent 
fauna could be by much more extended work. This is abundantly 
proved by recent collections made under the writer's direction in the 
southern marl beds, where the number of species collected in a single 
locality in each case closely approximates the average for the warm 
temperate zone above described. Peculiarities of station may limit 
a fauna to a comparatively small number of species, but in such a case 
the nature of the matrix and the specific assemblage will discover the 
reason when properly studied. 

CONCLUSIONS :FROM THE TABLE. 

We may then conclude that that part of the average mollusk fauna 
which is capable ofleaving traces in the shape of fossils, under conditions 
not greatly differing from those of the present day, if situated in the 
arctic or boreal region, would comprise about 250 species; in the cool 
temperate region about 400 species; in the warm temperate, a bon t 500 
species; and in the tropical region, not less than 600 species. In rc-
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gions where the conditions have greatly changed, as for instance, in 
Greenland since the old Miocene, during a period corresponding by the 
character of its fauna and flora to a different temperature zone from 
that in which it is now classified, the fauna should correspond in num
ber of species to that which would be normal to the temperature as it 
was, not as it is. To illustrate, if we could discover old Miocene marl 
beds with well preserved fossils in Greenland, they should contain a 
mollusk fauna of 400 species normal to the cool temperate zone, rather· 
than of 180 species, as is normal to Greenland at present. 

Allowing150 species as equivalent to the boreal species not represented 
south of New York, we have on the eastern coast of North America, 
from the Rio Grande to the arctic regions, 1, 772 recent species by act
ual count.1 Summing up the averages of our table we find that for a 
coast extending from the boreal region to the tropics (allowing the tab
ular figures to be exclusive for each zone) we should have 17771 species 
for the whole range. This coincidence is accidental, for the tabular fig
ures are deficient in the enumeration of the deep-sea forms. Deducting 
from our actual enumeration of east North American forms those which 
appear to live exclusively in the deeps beyond 100 fathoms, we have left 
1,364 species. 

But the species credited to the zones are, as we know, not exclusive, 
many of them being included in more than one faunal zone. The differ
ence between the 1, 771 theoretically present along the whole line and 
the 1,364 actually enumerated may be approximately a measure of the 
overlapping. In this case we should have 1,364 species of potential fos
sil shells represented by the existing faunas from the Rio Grande to 
Greenland. If the present sea bottom were elevated the paleontologist 
who might examine the beds should find, according to the region which 
he searched, a number of species approximating to the number assigned 
to that region in the preceding table, provided his estimate of the differ
ences which indicate a species did not difi:'er essentially from ours. 

As he proceeded southward he would find a change in the fauna. 
Species would drop out, but a large number would appear which he 
had not observed before. Where cold currents have crept along the 
shore he would find a sparser and more boreal fauna; yet traveling 
eastward on the continuous strata he would find the more numerous 
and chiefly different warm water fauna of the edge of the Gulf Stream 
in absolutely synchronous deposits. 

An interesting confirmation of these views is found in the Ecphora 
marl bed of northwest Florida, a cold water fauna which was preceded 
and succe('ded by a warm water fauna. In the same bluff collections 
show the much smaller number of species in the Ecphora bed. 

It should be noted that in geological changes species of the warmer 
region are more likely to persist from one formation into another than 

1 U. S. National Museum, Bull. No. 37. A preliminar.v catalogue of the shell-bearing marine mollusks 
and brachiopods of the southeastern coast of the United States, by W. H. Dall, Washington, 1889, 221 
pp., 8vo, 74 pl. Cf. p. 176. 



DALL AND~ 
HARRIS. 5 CONCLUSIONS FROM TABLE OF FAUNA. 29 

those of colder regions. This is accounted for by the greater liability 
to injurious changes in regions which may be buried in or torn up by 
ice or visited by exceptional winters, while the conditions in the south 
are less uniform, and the greater area of the tropics gives more 
chance for widely distributed tropk.al species to escape destruction 
from local changes of level or from volcanic activity. Small species 
have more chances of escape tban large ones, being able to hide from 
enemies in crannies, and, as they offer less food, they are less at
tractive to hungry prowlers. Species inhabiting moderate depths are 
safer than those whose station is between tides, from the action of sud
den elevation or the visitation of frost, fresh water or water charged 
with noxious gases, such as break out at intervals on the Florida coast 
and other shores built of porous lime-rock. Thus it happens that the 
forms in the recent fauna which can be traced back to the Eocene are 
all warm-water species of small size, living seaward from low tide as a 
rule. We ~hould ltlso expect to find, as we do find, that southern beds 
wilt contain a larger percentage of still living forms than northern beds 
of the same age. 

The lesson which is to be learned from these facts is not obscure. It 
is, in bri~f, that in correlating the fossil contents of different strata 
with·a view of extracting the geological information they can yield, it is 
necessary to contemplate the growth and evolution of the continent as 
a whole, to recognize the interrelation of the details, and especially the 
fact that they can not be scientifically treated by any method which as
sumes their isolation and fails to take account of the' factors we have 
indicated. 

Such treatment is less easy than the old-fashioned way of basing an 
elaborate discussion on supposed faunas of fifty or a hundred species, 
but it is capable of yielding results which will stand the test of time 
and will express with some approximation to accuracy the truths which 
are the province of paleontology. 

ThP conclusion to which present study seems to lead is that which 
in thu main derives each successive fauna, in an area of reasonable ex
tent, from that which preceded it, though the imperfeetions of the 
record in most cases leave this to be inferred. In those rare cases 
where the record is not greatly interrupted (as in part of the Floridian 
region) the characteristics, in a general sense, persist from one bed to 
another. If, owing to changes in temperature, a fauna is replaced by 
one not related to it, as in the case of the Ohipola and Ecphora Mio
cene beds, with the recurrence of the original conditions the original 
types show themselves again, as in the Pliocene marl of the Oaloosahat
chle. 

In the above case the Ecphora bed, or Chesapeake fauna, can be 
traced northward whence it came; while the Obipola types, during their 
temporary extinction in Florida, were preserved in some undisturbed 
Antillean area and reappeared by migration in Florida when condi-
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tions favored. Both groups of species are essentially American and 
recall recent American types, just as the N eocene of southern Europe 
is of a genuine European type. In the imperfect state of our knowl
euge it is rash to speak of species common to them, but it is certain 
that there are more species common to the recent fauna referred to 
than have been yet recognized in their fossil remains. Occasionally 
a type appears which seems out of place and recalls some distant re
gion where it still lingers, as in the case of BaUssa of the Oregonian 
N eozoic, which now is known only from the Indo-Pacific region. But 
in this case, as in general, when the history of such groups is studied, 
it is found that Batissa is merely a slight modification of Cyrena, which 
is abundant, recent and fossil, in America; such a modification as might 
have been expected to occur sporadically anywhere where Cyrena 
abounded during several geological periods or was repr~sented by 
numerous species. 

It may be as well to add, for fear of misconceptior:, that it is true that 
in older geologic epochs the differentiation of faunas and of zones of 
temperature was certainly less marked than inN eo zoic and recent time, 
and the methods we have recommended for the latter are less applica
ble to the former. Still it is possible in some cases to trace special 
characteristics in successive faunas for long periods; as in the faunas 
of the Californian coast, where, from the Cretaceous to the recent period 
inclusive, every marine fauna has included a large species of Nucula 
(e. g. Acilc~) with strongly marked divaricate sculpture, a certain type 
of Qanc(Jllaria, of Turritella, and of Natica. Something of the same 
sort will probably be found true of the successive faunas of the north 
shore of the Gulf of Mexico. 

DIFFICULTIES IN CORRELATING FAUNAS. 

In correlating contemporaneous faunas which are geographically 
separate, it is but seldom that one may have the aid of many identical 
species. This is especially the case with shallow-water or littoral species 
of the tropical or warm temperate regions. From the polar regions, 
owiug to the polar circulation and uniformity of conditions, certain 
species ~trc, as it were, centrifugally distributed to several adjacent 
faunas. On account of the long persistency of analogous conditions 
near the poles these species have little value as indications of minor 
divisions of geologic time. It is rather by the parallelism in stages of 
development by homologous groups in widely separated regions that a 
correlation of the Neozoic beds of such regions may eventually be 
reached, if at all. On the other hand, we do occasionally find a widely 
distributed yet little modified form like Venericardia planicosta of the 
Eocene; and it is not improbable that more thorough study and care
ful comparison of Neocene faunas of different parts of the world may 
reveal a larger number of such species. 
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The conclusions to which the above considerations point at the present 
timR may be summarized as follows: 

1. The final correlation of the different beds of Atlantic Neocene 
will depend on a rational study of their fauna, which is now too imper
fectly known to form the basis of satisfactory conclusions. 

2. Correlation of these beds with those of Europe is wholly impracti
cable at present. 

3. Faunal division of the known fossil contents of the different forma
tions would be at present premature. 

4. While paleontology holds the key to the problems of local and 
comparative stratigraphy, yet no study of paleontology that neglects 
the broad and general stratigraphic changes which accompanied the 
development of the continental border as a whole is calculated to 
aft'ord results of permanent value. 



CHAP1'ER II. 

SUMMARY OF OUR KNOWLEDGE OF THE NEOCENE OF THE 
ATLANTIC AND GULF COASTS OF THE UNITED STATES, CON
SIDERED BY STATES. 

SUBl\fARINE STRATA OFF NEWFOUNDLAND, AND SOU'l'HW ARD 'l'O CAPE 

COD. 

Remains that have been supposed to belong to the "Miocene or Later 
Tertiary" formation, have been dredged from the Grand Banks off 
Newfoundland (lat. 440 30', long. 50° 15'), at a depth of 35 fathoms. 
Of these, Oyprina islandica only has beeu definitely determined.1 At 
Banquereau, Nova Scotia, have been found Fusus decerncostatus, Latirus 
albus? and a species of Furritella. Again, on Georges Bank, at a depth 
of from 35 to 70 or more fathoms, fragments of rocks were dredged up, 
containing, among other things, Isocardia resembling Oyprina island
ica, but differing in hinge structure; JJ!yatruncata, Solen arnericana, Oy
prina, Natica, Vene1·icardia, allied to V. borealis, but with smaller ribs, 
and Oard·iurn islandicurn. 

From these facts Verrill is led to infer that there is an extensive bed 
belonging to the Tertiary formation, which extends beneath tide from 
Cape Cod to the Banks of Newfoundland. Mr. C. H. Hitchcock 2 had a 
somewhat similar idea in mind when he wrote, "Possibly Sable Island 
off Nova Scotia and the Great Banks off Newfoundland may indicate 
the position of the place of these (Tertiary and Alluvium) Cenozoic de· 
posits at the close of the Tertiary period." 

MAINE. 

Both Jackson and Hitchcock have mentioned the occurrence of Ter
tiary deposits in this State. The former says 3 that nearly all the river 
valleys below 150 feet A. T. are filled with marine deposits, and abound 
in marine shells, some recent, some extinct. At Kittery, 4 a deposit 
was found containing Saxicava rugosa, Mytilus ed~tlis, Mcworna, and As
tarte castenea. A similar deposit was found at Lubec. These beds, 
however, are now regarded as Quaternary. Hitchcock at one time held 5 

1 A. E. Verrill: Am. Jour. Sci., Octoher, 1878, 3d ser., vol16, pp. 323-324. 
2Geol. of New Hampshire, Chas. H. Hitchcock, 1877, vol. 2, p. 21. 
3Maine State Geol. Report, No.3, 1839, C. T. Jackson, p. xiii. 
4 New Hampshire State Geol., Final Report on Geology and Mineralogy, 18*4, Chas. T. Jackson, 

p. 94. 
6Prelim. Report on Nat. Hist. of the State of :Maine (Geology, by C. H. Hitchcock), in "Agriculture 

and Geology of :Maine," by the Sec. of Boanl of Agriculture, 1861, pp. 256-257. 
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that certain hematite breccias, found at Blacking-ton Corner, belong to 
the Tertiary, since Miocene fossils had been fouud in similar material 
in Vermont. 1 Later, however, he asserts 2 the absence of all Cenozoic 
deposits northeast of Massachusetts. 

NEW HAMPSHIRE. 

Jackson 3 mentions the discovery of a Tertiary deposit of blue plastic 
clay in the southeastern part of Portsmouth, in which were foundNucu
la, Sanguinolaria (Macoma) and a few recent forms. Hitchcock, how
ever, makes no mention of any such deposits in this State. Moreover, 
he implies by a statement in Vol. II ofthe Geology of New Hampshire 
that none such exist.4 The stratum in question is doubtless of the same 
age as the Quaternary beds previously mentioned as occurring on the 
coast of Maine. 

VERMONT. 

In 1853 Prof. Edward Hitchcock gave 5 a description of a brown coal 
deposit at Brandon, Vermont, with an attempt to determine the geologic 
age of the principal hematite ore beds in the United States. Though 
figures of fossil plants are given from the above named locality, he 
seems to have drawn no conclusions from them as regards the age of 
the deposit; for he says, 6 in substance, that the Brandon deposit belongs 
to a Tertiary formation, for (1) it lies below the drift and is not consol
idated; (2) it contains all the varieties of rocks of the Tertiary forma
tion: white clay, variegated clay, water-worn beds of sand and gravel, 
carbonaceous and bituminous matter, iron, and manganese. :Moreover, 
he states 7 that this deposit is probably Pliocene or newer Tertiary, for 
(1) it lies immediately beneath the drift, (2) is not consolidated, and (3) 
similar brown coal of Europe is of the newer Tertiary. 

In Vol. r of the "Geology of Vermont" 8 the above statements are 
repeated together with those of other eminent specialists. J. P. Lesley 9 

is quoted as opposing the idea that the deposit is of Tertiary age, 
maintaining that it represents simply a mass of disintegrated Paleozoic 
rock. J. W. Bailey,10 after examining the fruits microscopically, con
cludes, or rather intimates, that one may be that of a palm. Leo Les
quereux10 states that none of the species are living, hence it can not be 

IGeol. of Vermont. In two vols. Published under the authority of the State legislature by Al-
bert D. Hager, 18(31. The " Scientific Geology" by Prof. Edward Hitchcock, vol. 1, pp. 226-240. 

2 Geol. of New HampRhire, 1877, vol. 2, p. 21. 
3Final Rep. Geol. and Min., New Hampshire 1844, by C. T . .Jackson, State geologist, p. 121. 
4Geol. of New Hampshire by C. H. Hitchcock, l877, vol. 2, p. 21. 
s Mass. Report on Geol., 1853, by Edward Hitchcock, p. 22. 
& Ibid., p. 31. 
7Ibid., p. 33. 
s Geology of Vermont. In two volumes. Published under the authority of the State legislature by 

Albert D. Hager, 1861, vol. 1, pp. 226--237. 
9 Ibid., p. 237-238. 

lOibid., p. 240. 
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Pliocene, and he likens the flora to that of " Oeningen, the upper lig
nitic bed of the Tertiary." 1 

In an abstract of an article by Mr. H. Carvill Lewis,2 in which he 
treats of the iron ores of the "Brandon Period," this deposit is discussed 
in connection with others of a similar character in southeastern Penn
sylvania. Feeling assured of the identity of the deposits in the two 
States, he concludes that the lignitic Clays of Pennsylvania are proba
bly Oligocene, though he suggests that they may be Wealden. 

RHODE ISLAND. 

Certain deposits of clay and sand in this State were once supposed by 
Jackson 3 to belong to the Te~rtiary system; but there seems to be no 
evidence recorded in support of his views. 

The ,cliff' of " plastic clay" on Block Island is probably composed of 
beds referred with some doubt to the Tertiary, by Mr. Aug. F. Foerste.4 

The beds are said to " lie at such an angle as to make their dislocation 
by mountain-building forces almost certain." 

MASSACHUSETTS. 

MAINLAND. 

Various deposits of clay in this State were at one time considered by 
Hitchcock5 to be of 'l,ertiary age; but in his final report 6 on the geology 
of Massachusetts, he concludes that none of these elay deposits are of 
Tertiary age except " the plastic clay of Marthas Vineyard. " 

Though no undisturbed Tertiary deposits have as yet been positively 
identified on the mainland of this State, fossils recognized as Eocene 
species 7 have been found in bowlders in the drift on the east side of 
Cape Cod. These fossils 8 are found most abundantly about one-half mile 
south from Highland Light, where a bluff rises to a height of 150 feet. 
At this place the fossiliferous fragments are not found imbedded in the 
mpdified drift, but are scattered about on the slope of the bluff'. ~F'a,r

ther to the south, however, one mile south from the head of Pamet 
River, Mr. Warren Upham has observed them so imbedded; and hence 
he concludes that they were probably brought there by glacial action 
from a Tertiary deposit in the bottom of Massachusetts Bay. 

J For distribution of the Brandon beds, see vol. 2 of the above report, map, p. 989. 
~H. C. Lewis: Proc. Am. Assoc. Adv. Sci., 1880, vol. 29, p.427. 
s Rept. Geol. Survey R.I., by Chas. T . .Jackson, 1839, p. 129. For distributior... of these so-called 

Tertiary deposits se£1 "Geological and Agricultural Survey of Rhode Island," 1840, by Chas. T . .r ackson 
(map at end of volume). 

4 Bull. Geol. Soo. Am., 1890, vol. 1, p. 447. 
6Ma&s. Geol. Surv. Report, 1832, vol. 1: Edward Hitchcock. See map (frontispiece). 
6 Op. cit., 1841, vol. 2, p. 360. 
7W.O. Crosby:Proc. Bost. Soc. Nat. Hist.,vol. 20, pp. 136-140,1878; and W. Upham, Am. Nat. 

Sept. 1879, :vol. 13, p. 562. 
s Venericardia planicosta Lain; Ven9Ticardia probably parva Lea; Venericardia alticosta 1 Con., Yolw g; 

Ostrea apparently divaricata Lea; Ostrea possibly sellceformis Con.; Ostrea virginiana ; Anomia re
sembling tellinoidea; Plicatula nearfilamentaria Con.; Axinea staminea, Camptonectea, Yoldia, Corbul<J, 
0Grdium, N atwa, TurriteUa 1 
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The announcement of Tertiary deposits on Georges Bank has already 
been referred to. 

NANTUCKET. 

The next area to be considered, proceeding in a general southwest
f'tly conr.-;e aloug the Atlantic border, is t~e island of Nantucket. 

This island bas been made the subject of a special stncl~' by Shaler/ 
and as there seems to be no good reason for believing that any of its 
beds 2 are of Tertiary age, it need here receive but little attention. 
Nevertheless, since Shaler has suggested 3 the possible identity of the 
clays observed by Messrs. Desor and Cabot at Saukaty Head with 
tlwse which occur on the southern shore of Cl1ilmark, and since he has 
recently intimated 4 that the latter may be Pliocene, it may be well 
briefly to review the opinions that have been expressed in regard to the 
age of these clays by various scientists. In 1849 Messrs. E. Desor and 
Edward C. Cabot published in the proceedings of the Geological Society 
of London a letter written to Sir Charles Lyell 5 " On the Tertiary and 
more recent deposits in the island of Nantucket." The bed termed by 
these gentlemen " Tertiary" was probably seen by Mr. S. H. Scudder 
in 1874,S and it was considered by him to be of great thickness. He 
observes, moreover, that it contains no fossils, and dips strongly (17°) 
to the southwest. On account of the present superincumbent debris, 
Prof. Shaler failed to :find, with certainty, the beds described by the 
foregoing writers. The fossiliferous post-Pliocene strata conformably 
overlying these clays have been fully discussed by Prof. A. E. Verrill 7 

in the American Journal of Science. 8 

MARTHAS VINEYARD. 

From the facts thus far obtained it appears that the deposits which 
form this island may be classified under the following heads, viz: Cre
taceous, Miocene, Pliocene, Glacial, or Recent. Of these the last men
tioned ha::; by far the greatest areal distribution. In fact, there are but 
two localities where any considerable outcrops of the pre-Glacial de
posits appear, viz: At Gay Head 9 and at Chilmark (or Nashaquitsa) 
cliffs. 

!Bull. U.S. Geol. Survey No. 53,1889. 
2Jbid., p. 15. 
a Ibid., p. 34. 
4 Bull. Geol. Soc . .Am., 1890, vol. 1, p. 445--446. 
6Quart. J"our. Geol. Soc. Londou,1849, vol. 5 (proceedings),p. 340. (For this reference see Bull. U.S. 

Geol. Survey, No. 53,1889, p. 31). 
6 Am. J"our. Sci., 3d ser.,1875, vol. 10, pp. 364-375. 
7 Ibid. 
s These have been referred to the Columbia formation by McGee. See Am. J"our. Sci., 3d ser., 1888, 

vol. 35, p. 450. 
9 N. S. Shaler: Report on the Geology of Marthas Vineyard. Seventh AnnualRept. U.S. Geol. Sur

vey, 1888, p. 327. 
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Oretaceous.-Though the gorgeous colored clays, sands, and lig11ites 
at Gay Head and Chilmark cliffs have been regarded by various wnters 
as Cretaceous/ Eocene,Z Miocene,3 and even Alluvium,4 it now appears 
that they can not all belong to one and the same system, but that at 
Gay Head at least two different ages are represented. Omitting, there
fore, all details relating to the lower or Cretaceous 5 portions of tltese 
bluffs, suffice it to say that at Gay Head these beds 6 are more or less 
folded and faulted, but have a general northeasterly dip of froml50 
to 50° or even 7 90°, ha-ving the so-called :Miocene superimposed con
formably, whereas at Chilmark cliffs 8 an anticlinal axis causes the beds 
to have a northeasterly dip of from 15° to 25° east of the axis, and a 
southwesterly dip of from 20° to 45° west of the same, while the Mio
cene beds are wanting.9 

Miocene.-Very little evidence has been brought forth to proYe the 
existence of Miocene deposits on this island; nevertheless, that there 
are Tertiary deposits o:t: a horizon "abo-ve the base of the Eocene and 
below the summit of the Miocene '110 can scarcely be doubted. 

Near the northern end of the section at Gay Head 11 there is a 
series of beds, comprising· brown and gTeenish clays and sands, which 
have commonly been termed "Greensand." Beneath or to the south of 
these are sands, clays, and lignites of the Cretaceous,I2 as well as others 
of doubtful horizon, while above and to the east-northeast are the so
called Pliocene 13 sands. 

This Greensand deposit has furnished the greater part of the animal 
remains that ha-ve been mentioned in connection with this locality. 

The Testacea, sharks' teeth, etc., mentioned by Edward Hitchcock in 
his Final Report 14 on the Geology of Massachusetts are scarcely char
acteristic enough to be of any particular value in determining the age 
of this series. 

The statements of Lyell 15 are somewhat more definite, yet by no 
means conclusi-ve. The fossils he enumerates are as follows : A 
tooth of a seal allied to Oystiphora proboscidea; a skull of a walrus 

1 Wm. Stimpson: Am. Jour. Sci., 2d sEll'., 1860, vol. 29, p.145. 
2 Ed. Hitchcock : Reports on the Geology of Massach usets, 1832, 1833, and 1841. 
3Chas . Lyell: Am. Jour. Sci., 1st ser., 1844, vol. 46, pp. 318- 320. 
'F. J. H. Merrill: Trans. N.Y. Acad. Sci., 1885, vol. <l, p. 79. 
GD. White: On Cretaceous Plants from Marthas Vineyard. Am. Jour. Sci, 3d ser., F eb. 1890, vol. 

39, pp. 94--101, pl. 9. 
6N. S. Shaler: Tertiary and Cretaceous deposits of eastern Massachusetts. Bull. Geol. Soc . .A.m., 

vol. 1, pp. 443-452, pl. 9. 
7Seventh Annual Rep. U.S. Geol. Surv., 1888, p. 331. 
Bibid. , p. 327, Fig. 59. 
9 Mr. D. White, of the U. S. Geol. Survey, has very recently furnished us with specimens of Green

sand from this locality containing sharks' teeth, crab remains, fragments of shells, etc., similar in 
every respect to those of the Greensand of Gay Head. 

1o See Bull. Geol. Soc. Am., vol. 1, p. 4<l6. 
n U. S. Geol. Survey, 7th Ann. Rep., 1888, p. 329. 
12 Bull. Geol. Soc. Am., 1890, vol. 1, :tJl', 445-446. 
1su. S. Geol. Survey, 7thAnn. Rep., 1888, pp. 329-332. 
14 Vol. 2, p. 432, pl. xix, figs. 16, 17, 18, 1841. The fossil '' Testacea" here figured are casts of a Vema, 

:I'ellina, and Turbo. 
II Lyell: Am. Jour. Sci., 1st ser., 1844, vol. 46, pp. '318-320. 
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somewhat diiTerent from any living species; bone-s of a whalebt ne 
whale and of a bottle-nosed whale (Hyperoodon); shark teeth, some of 
wllieh were like those found in the Miocene, near Evergreen, on the 
right bank of the James River; two crustaceans; casts of a Tellina, 
allied to T. biplicata, and one allied to T. l·zlsoria; casts of a Cytherea, 
resembling Sayama; three casts of a Mya, one of which bears a close 
resern blance to M. truncata. 

The nnmerous remains of Cetacea of the genera Balccna and 
Hyperoodon, the author contends, are adverse to the supposition that the 
bed is :Eocene, while such fossils abound in the Miocene of America. 

In1863, Dr. William Stimpson 1 discussed the crab remains in these 
beds, and found them generally referable to two types. One of these, 
Archceoplax signifm·a., a new genus and species, he describes and figures; 
but, on account of its distant relationship to other crabs, recent and 
fossil, it gives no clew in regard to the age of this depmdt. 

Other Tertiary deposits of doubtful age-later Miocene or Pliocene.
Between Gay Head and Indian Hill there is a series of deposits which 
resemble lithologically the various beds at Gay Head, but whose fos
sil contents are unknown. Shaler bas estimated 2 the tl.Jiekness of this 
series at no leds than 15,000 feet. This estimate, however, was made 
under the supposition that between the localities mentioned above the 
northeasterly dip is constant and equal in amount to that at Gay Head. 
This supposition, it appears, must pe somewhat in error, for in a later 
publication 3 he represents the Cretaceous and Tertiary in a section from 
the valley of Tisbury River to Vineyard Sound as having a north
western dip of at least 450. 

Nothing more definite than what is implied in the preceding state
ments is known regarding the distribution of this series. 

The series of deposits termed by Shaler 4 the W eyquosq ue, N asha
quitsa or Chilmark series is typically exposed at the bluffs on the south
western coast of the island which bear these various names. Beds 
resembliug lithologically those at Gay Head are imperfectly disclosed 5 

near the base of these cliffs at certain stages of erosion. The W ey
quosque series rests unconformably upon these beds 6 and is entirely 
different in its physical characters. Its various deposits consist of gray 
and blue clays and whitish sands, and in the latter are occasional hypo
gene pebbles. There are no traces, however, of the red and white sands 
and the lignites so characteristically exposed at Gay Head. The total 
thickness of this series bas been estimated7 at over 1,500 and possibly 
over 2,000 feet. On account of the absence of organic remains the geo
logical horizon of these beds is unknown. Shaler8 is inclined to refer 

JOn the fossil crab at Gay Head: Bost . .Jour. Nat. His., 1863, vol. 7, pp. 583-589, Pl. xii. 
2 U. S. Geol. Survey, 7th Ann. Rep., 1888, p. 332. 
3Bull. Geol. Soc. Am.,1890, voll, p. 451, Pl. ix, Fig. 1. 
4 N. S. Shaler: U.S. Gcol. Survey, 7th Ann. Rep., 1888, p. 340. 
6 Ibid., p. 327. 
6 Ibid., p. 320. 
'U.S. Geol. Survey, 7th.A.nn. Rep., 1888, p. 341. 
8 Ibid., p. 320. 
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them to the Tertiary system on account of their various smal1 contor
tions and plications, as wel1 as their general inclination, which often 
amounts to 15°. These dislocations show evidences of such mountain
building forces as have not been displayed in this region since the close 
of Tertiary times. 

These deposits are mainly con:fined1 to the limited areas to the south 
and east of Menemsha and Squipnocket ponds, though several small 
patches of apparently similar material have been noted arouml the 
northern border of the island. Moreover, there are reasons2 for sus
pecting that the lower clays of Nantucket,3 others on No Man's I.~and, 
and possibly certain others in Duxbury may belong to this series. 

NAUSHON.4 

Immediately to the northwest of Marthas Vineyard is the island of 
N aushon, composed for the most part of reddish and yellowish sands, 
with occasional water-worn pebbles. The surface of these great arena
ceous deposits is worn into forms characteristic of glncial ero~iou aud is 
strewn with glacial debris. The time of their deposition may, therefore, 
be supposed to antedate the last glacial period, though to what extent 
is unknown. Similar deposits, however, have been noted about the 
shores of Marthas Vineyard, which lie unconformably upon the up
turned edges of the W eyquosque series. Shaler is iuclined to believe 
that these sands are more nearly related to the deposits of tlle glacial 
age than to those of the preceding series. 

NEW YORK. 

LONG ISLAND. 

Both Hitchcock 5 and McGee 6 have mapped the southern portion of 
this island as belonging to the N eocene or post-Eocene Tertiary. 
Very few facts, however, have been given In proof of this view. The 
island is little more than a glacial moraine, a mass of debris, both un
modified and in every stage and form of modification. Judging from 
the character and position of the brown and red plastic clays of Hunt
ington and Gardiners Island, Mr. MerrilF has been led to surmise that 
they may be of Tertiary age. The paleontological evidence brought 
forward in support of this view consists of a shark tooth, which might 
indicate an Eocene or Miocene period. 

If the reported find of au Exogyra costata 8 between Brooklyn and 
Flatbush be authentic, there would seem to be little doubt as to the 

1 U. S. Geol. Survey, 7th .Ann. Rep., pl. xx, opp. p. 308. 
2 Ibid., p. 341. 
3 Ibid., and Bull. 53, U.S. Geol. Survey, 1889, p. 34 . . 
4 U.S. Geol. Survey, 1888, 7th .Ann. Rep., pp. 342-343. 
'Geol. map of the United States, compiled by C. H. Hitchcock, 1866. 
'Ibid., W. J. McGee, 1884. 
'F. J. H. Merrill: .Ann. N.Y . .Acad. Sci., 1886, vol. 3, p. 356. 
• Cozzen's GeoL History of L. I., 184.3, p. 51. 
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ce of Cretaceous beds on this island. Between these bedsand 
Columbia 1 and glacial deposits above, Tertiary deposits do per- . 

NEW JERSEY. 

Though very few localities have yielded fossils characteristic of the 
beds, there is good reason to suppose that such beds are ex-

''ln•l•'-lnJ·ohr developed in the southeastern portion of the State. 
Their northern limit can not be accurately determined,2 on account 
the superincumbent superficial deposits, but it may be supposed to 

extend in a general way from Asbury Park, southwest, to the mouth 
of Salem Creek; south of this line none but Miocene and Quaternary 
deposits appear. 

Topography.-That portion of the State included within the limits 
referred to above consists, for the most part, of level, sandy plains cov
ered with forests of pine. The streams meander through flat valleys 
and are usually bordered by impenetrable swamps of white cedar, often 
miles in extent. The sea and Delaware Bay shores are fringed by an 
intricate network of creeks and are broken by numerous bays.J In 
this section of the State there are but two considerable areas whose 
mean elevation exceeds 100 feet above tide. The more northerly of 
these occupies the western part of Ocean County, together with a por
tion of Woodland township in Burlington County. It contained two 
points which respectively rise to the height of 208 feet above tide, the 
one 4 miles northwest of Cedar Bridge, the other 3 miles southwest of 
Shamong Station, called Applepie HilJ.4 The more southerly elevated 
area occupies the southeast central portion of Camden and Gloucester 
counties, together with the central portion of Salem and the extreme 
northern part of Cumberland counties. The highest point in this area 
is 2 miles north of Berlin, on the line between Camden and Burlington 
counties, where an altitude of 214 feet A. T. is attained. 

These two more elevated areas are separated by a marked depres
sion which extends across the State in a northwesterly direction from 
Great Bay to Burlington. Along this line of depression the watershed 
between the Delaware River and ocean systems of drainage is very 
low,:> reaching a minimum of 85 feet A. T. 

THE MIOCENE MARLS. 

In the southwestern part of the State the erosive action of Stow Creek 
has exposed the upper portion of a bed of gray marl contai:!ling typical 
Miocene fossil remains. It is from this horizon that the fossils enu-

I Am. Jour. Sci., :ld ser., 1888, vol., 35, pp. 383, 453, 455, et seq. 
'Cope states (Proc. Phila. Acaa. Nat. Sci., 1872, p.14) that a thin stratum of loamy sand containing 

terrestrial vetebrate remains of the Miocene period overlies the Eocene marl on Shark River. 
3Geol. SurveyN. J., Ann. Rep., 1887, p.18. 
4 Geol. Survey, N.J., 1888, vol.1, Topog. Magnet. Clim., p.170. 
6 Geol. Surv. N.J. (Geo. H. Cook, State Geol.), 1888, vol.1, p.170. 
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mer a ted in various publications as ~'from Jericho and Shiloh, near 
Bridgeton, N. J .," are obtained. 

The Shiloh mar·ls.-A visit made by W. H. Dall in June, 1888, to the 
classic locality at Shiloh and its vicinity, afforded the following obser
vations: 

Section at Shiloh7 New Jersey. 

6 inches vegetable mold. 
10 feet drift gravels rather fine and sandy. 
2 feet yellow marl. 
2 to 3 feet black mar 1. 
8 to 10 feet shell marl. 

· Blackish sand not marly and of unknown depth. 

Above the barren black sand which underlies the marls are three 
distinct successive unconformable marly strata, locally known as the 
"Shell marl," the ''Black marl," and the "Yell ow marl." 

The lower stratum, or Shell marl, when moist, as it lies in the bed, 
is blackish, becoming grayish green when dry, with numerous rolled 
fragments and broken pieces of white fossil shells scattered through it. 
With these fragments are occasional perfect valves or complete speci
mens of Turritella, Astarte, Orassatella, and Balanus, with occasional 
sharks' teeth and other vertebrate remains. 

The upper surface of this bed is very irregular, with small and large 
rounded hummocky hillocks separated by lower areas or channels, the 
whole bearing evidence of having been deposited in disturbed water 
subject to strong and irregular currents. 

Above the Shell marl and unconformably filling its cavities is the 
Black marl, destitute of fossils and clayey or unctuous to the touch. 
The layer of this is two or three feet thick and its upper surface is worn 
into irregular rounded lumps, like that of the Shell marl surfa.ce below, 
but not conformably to the latter. 

Above the Black marl is the Yellow marl, also destitute of fossils for 
the most part and unconformable with the surface below it. It is less 
unctuous than the Black marl, but rather greasy, of an orange brown 
color and does not average over two feet in thiekness. It is sometimes 
absent in spots or indicated only by a narrow yellow line, and also has 
an irregularly worn, lumpy surface. 

About 10 feet of sandy drift gravel, capped with some 6 inches of 
vegetable mold, overlies the marls. 

The areas in which these marls occur are patches of comparatively 
limited extent, not indicated by any surface features, so that explora
tion is always required to determine whether there is any marl under 
a given field or not. The succession of the beds at Marlboro, Slliloh, 
and Jericho was essentially the same in all the pits and sections ex
amined. 

The appearance and contents of the beds strongly recall the condition 
of the sea bottom off Hatteras at the present day, where l\Hocene and 
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Pliocene sharks' teeth are being mixed with those of recent species and 
Miocene fossil shells come up in the dredge with living forms. The 
turbulent and irregular whirls and currents which are characteristic 
of the sea off Hatteras were paralleled in the waters in whiclt these 
marls were laid down, and the genera represented in the latter are the 
same as those of the recent shells dredged oft' Hatteras. 

It may be added that the ferruginous matter, to which the Yellow 
marl owes its color, sometimes settles to the bottom of the stratum and 
forms a thin hard layer over the upper surface of the Black marl below 

115' 

150' 

257' 

300' 

335' 

5' Sancl and loam. 
15' Blue and bla.<lk clays. 

95' White sand (glass sand). 

it. The latter is occasionally ab
sent, so that the Yellow marl rests 
directly over limited areas upon 
the surface of the Shell marl bed. 

The area in which these marly 
depo8its are found. is very limited. 
Its most northerly portion now 
known is about 3 miles north of 

35' Dark clay (Miocene marU). ShHoh whence it extends in a nar-
' 

107' Micaceous sand. 

row belt in a southwesterly (Erec-
tion to a point about 1~ miles south
west of Jericho. The average 
thickness of the beds has been esti
mated 1 at from 10 to 15 feet, though, 
on account of the undulations of 

42' Dark clay. both upper and under surfaces, 
these figures must be understood as 

20' G~::~b.~d marl, shells, and only approximate. The nature of 
15' Pure greensand-no fossils. the formation beneath the marl is 

Fm.l.-Sectionofartesian well at Winslow, Salem not well exhibited in the vicinity 
County, N.J. referred to by Prof. Cook. Immedi-

ately above it, he states, there lies a bed of Black marl, varying in 
thickness up to 6 feet; upon this in turn rests a yellow earthy deposit 
offr.om 1 inch to 3 feet in thickness; above the latter appear tlw surface 
gravel and sand. The order of superposition, however, is not constant 
on account of the absence of some of the above-mentioned strata or 
the interpolation of others. 

The stratigraphic relations of this bed to others of presumably Ter
tiary age can best be seen by referring to the section of the artesian 
well at Winslow, Salem Co~nty.2 (See Fig. 1.) 

The bed termed" Miocene marl" in this section is probably the same 
that appears on the branches of Stow Creek. 

Its thickness is here represented as being 35 feet when taken in con
nection with the clays above. Beneath this there is a deposit of "mi
caceous sand" 107 feet thick, that appears not to have been identifiPd 
at any place on the surface. Below this stratum of san<l there is a 

1 George H. Cook: Geol. of N.J., 1868, p. 296. 
2 See Geol. N.J., 1868, pp. 291-292. 
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deposit of" dark clay," evidently identical with the "astringent clays" 
of later reports. 1 The ''Greensand marl, with white shells and teetlt," 
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below the "dark clay," is evidently 
the Eocene marl bed that appears 
at the surface about Deal and 
Shark River in Monmouth County. 

285' Superficial sands, gravels, Above the "dark clay," that rests 
:~~h~at~e.Wood found immediately upon the "Mioceue 

marl" is a stratum of" Glass sand" 
95 feet thick. This sand forms the 
surface rock of no less than one
fourth of the whole Tertiary por-

131' Blackish clays and sand. tion of the State. South of the 

19' Bluish clay. valley of Mullica River it is for 
the most part obscured by later 
deposits, except along the valleys 
of the Great Egg Harbor and 

235' Greenish clay and marl, M · · N th f M 11' withcomminutedshells; auriCe riVers. Or 0 U lCa 
sharks' teeth; many R' th t · fGl d lt seams of brittle marly lVer · e S ripS 0 aSS san a er-
clay. nate with those of later deposits, 

21' B!~:l:.h and brownish each extending in a general south-
31' Chocolate-colored clays. easterly direction from the Creta-

84' Fossiliferous clays, sands, ceo-Tertiary boundary line to the 
shells, andsharks'teeth. low Atlantic shore. 

601 Blackish, whitish, and Section of the well at Atlantic 
reddish brown sand. 

City, N. J.-ln 1886-'87 a well was 
73' Dark marls, and clays. sunk at Atlantic City to the depth 

60' Green and black marl. Of 1,150 feet, which proved beyond 
all doubt the general and wide dis-

1 
tribution of Miocene deposits in 

20' Sand, mostly yellowish 
gray, and fun of barna- this part of the State. The section" 
cles. h · (F' 2) · '1 d f 

2, White sand. water. ere given ·~ 1g. IS comp1 e rom 
an article by Mr. Woolman in the 
Proceedings of the Philadelphia 

Academy of Natural Sciences. Many fossi1s were obtained from the 
borings of this welP, but unfortunately the depths from which they 
respectively came were not recorded, with perhaps three exceptions, viz: 

11191 

11211 

FIG. ::l.-Section of well at Atlantic City, N.J. 

Turritella plebeia came from a depth of 450 feet. 
Oorbula elevata came from a depth of 730 feet. 
Perna rnaxillata came from a depth of 800 feet. 

t See Rept. of 1886, Geol. Surv. N.J. 
2 Lewis Woolman : Pro c. Pbila. Acad. Sci. for 1887, pp. 339- 341. 
3Prof . .Angelo Heilprin identifies the following species: Anomia (pro b. ephippium), Area centenaria 

A.. subro8trata, A. (idonea1), A. (lieno8a1), Artemi8 (acetabulum), ABtarte compsonema, A. abrupta, A. 
perplana, A. thomatlii, Oardita granttlata, 0. arata, Orassatella melina, Oorbula idonea, 0. elevata, 
Cardium (pro b. Zaqueatum), Cytherea, Discina Zugubris, Donax (variabilisd), Fulgur, Lucina trisulcata, 
Mactra ZateraliBY, M. ponderosa, Mytiloconcha incurva, Mytilus incrassatus, Mysia, Natica catenoidea, 
Nassa tTivittata, Nucula obliqua, Ostrea, Pecten madisonius, P. humphreysii, P. vicinaria, Tellina 
lubreflexa, T. declivia, Turritella cumberlandiana, T. cequis;tTiata, Tu1·binella woodii. Also shark 
teeth, barnacles, eto. 
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The diYiRion of that portion of the seetio11 below 400 feet into "1\fiddh~" 
and " Lower" Miocene is said to be based upon " paleontological evi -
dence," but the propriety of the division is certainly qnestional>le while 
so little is known in regard to these deposits. 

A second well was dril1ed in 1888, on which Mr. Woolman has given 
some notes 1 in regard to the diatoms and Foraminifera. The~e oceur 
in a series of clay beds, separated by sand beds, the whole aggregating 
250 feet in thickness and extending from a depth of 387 feet to 638 feet. 
The clays contain diatoms in abundance, though they are almost abRe11t 
from the sand. Samples from 406 feet and 550 feet are especially rich. 
About 100 species have been catalogued by C. H. Kain. Nearly all the 
forms occurring in the diatomaceous outcrops of Maryland and Virgi.uia. 
have been recognized, except two or three regarded as characteristic of 
the outcrop near Nottingham, Maryland, on Lyons Creek. Mr. Wool
man regards these diatomaceous beds as belonging collectively to the 
1\Iiocene, though referable to various separate horizons, of which that at 
Nottingham is probably the lowest. 

Five forms of Foraminifera were found at 435 feet and fifteen forms 
at 1,125 feet, those of the upper horizon recurring in the lower level, 
and all practically the same as species described by d'Orbigny in 1840 
fi·om the Miocene clays of Vienna, Austria. 

A Nonionina is now the common recent foraminifer in the Atlantic 
City sands, au ounce of which has been computed to contain 18,000 
specimens. This, which is almost the only form now found on the New 
Jersey coast, does not occur in the samples obtained from the wells. 

CENOZOIC SANDS. 

Above the so-called " glass sand" 2 of this State there is a deposit of 
coarse wl1ite sand of more than 100 feet in thickness, which forms the 
base of the highest hills southeast of the marl belt. It may be seen iu 
the Hominy Hills east of Freehold, and also in Apple Pie, Bear Swamp, 
and Governors Hills, as well as in the high ground of the plains, an<l 
espe<;ially near Lakewood and in the Forked River Mountains. Tbis 
deposit Prof. Cook 3 has classified as Tertiary, though for want of vale
ontological evidence its geolog·ical horizon is not known with any degree 
of certainty. 

Above this deposit of coarse sand, a series of beds of blue or 
light colored clays 4 may be seen at Winslow, near Wheatlands, l\louut 
Misery, Vineland, Millville, and elsewhere. Whether these beds are 
Upper Pliocene or Pleistocene is uncertain. Resting unconformably 
over all these beds is a deposit of "yellow gravel." This is presum-

J lUcroscopical Bulletin of Queen & Co., Pbila., Dec., 1888, vol. 5, No.6, p . 41. 
2 Geol. Surv. New Jersey, .A.nn. Rep. for 1886, by Geo. H. Cook, p. 133. 
Sidem. 
'Idem. 
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ably post-Pliocene1 and will accordingly receive no further attention 
here. 

Dip.-By calculations based upon the depths at which the various 
marl beds were found2 in the " Ocean Grove" well, together with the 
position of their respective outcrops, it has been found that the dip 
of the Tertiary beds here represented is about 25 feet per mile in a 
southeasterly direction. From various observations and calculations 
Prof. Cook-1 concludes that the dip in the southern part of the State 
varies from 20 to 40 feet per mile in the same general direction as stated 
above. 

PENNSYL V .ANI.A. 

In accorrlance with the results of the most recent and trustworthy 
inve~tigations, there appear to be no deposits belonging to the Tertiary 
system in this State. But since certain clays, lignites, ores, gravels, 
and conglomerates have been supposed by various authors to belong to 
this system it may be worth while briefly to consider the reasons that 
have led to these suppositions, together with those by which they have 
been opposed. 

Cenozoic gravels.-At an average distance of 5 miles from the Dela
ware Hiver, in the vicinity of Philadelphia, roughly parallel to it, there 
extends a prominent gneissic elevation, termed by Lewis4 the "upland 
terrace." Within this terrace, and resting upon its slopes there is a 
deposit of gravel, termed5 "fossiliferous gravel" by the same author, 
and identified by him with the "yellow gravel" of New J·ersey.6 This 
he regards as "probably of newer Pliocene age,m drawing his conclu
sion from facts substantially as follows: Unlike the Quaternary gravels 
and clays this deposit is not limited in extent, but occurs all along the 
Atlantic seaboard of the Southern States. It is therefore of oceanic 
ongm. It is characterized by small water-worn peb_bles of quartz and 
quartzitic rocks. There are also occasional pebbles of flint and fossilif
erous hornstone and chert. It contains no bowlders, and its pebbles 
nearly all have a water-worn, eaten appearance. The great amount of 
erosion it has suffered and the decomposed state of the beds upon 
which it lies point to the conclusion that it is an ancient deposit of 
marine origin, made during a submergence in preglacial times. The 
glacial drift overlies arid is consequently more recent than this yellow 
gravel. To these various arguments it is only necessary to say that 
they are equally applicable to the beds of the Columbia formation; 

1 Geol. Surv. N .• r . .A.nn. Rep. for 1886, p. 133; see also McGee's article on the Columbia. formation in 
.A.m . .Jour. Sci., 3d ser .. 1888, vol. 35, pp. 383, 452-453, etc. 

2 Geol. Surv. N . .J . .A.nn. Rep. for 1883, p. 19. 
3 Gcol. Surv. N . .J . .A.nn. ~ep. for 1886, p. 129. 
4 H. U. Lewis: .Jour. Frank. Inst., 3d ser., May, 1883, vol. 85, pp. 359-372. 
6 Proc. Phila . .A.cad. Sci. for 1880, p. 267. 
6 Geol. Surv. N . .J., .A.nn. Rep. for 1886. p.127. 
1.Jour. Frankl. Inst., 3d ser., May, 18831 vol. 85, pp. 370-371. 
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and that, according to Lewis's own statement, this deposit is but a con
tinuation of tlw "yellow gravel" of New Jersey, whose post-Tertiary 
age has already been proved. 

Back of the upland terrace there are isolated patches of two surface 
deposits, which from their elevated position and peculiar lithological 
characters are evidently more ancient than the gravels just described. 
In 1878 Mr. Lewis1 named these deposits the "Branch town clay" and 
"Bryn Mawr gravel," noted the identity of their contained bowlders, 
and assigned them to a Tertiary period. 

In subsequent discussions2 he seems to have discarded the first-men
tioned name, but discusses the "Bryn Mawr gravel" in great detail, 
giving its pecmliar lithological characters and geographical distribution, 
and reiterated his views as to its Tertiary age. The antiquity of the 
deposit, as stated above, is proved by its elevated position and its lith
ological characters, entirely different from the Columbian and Glacial 
formations below. Nevertheless, these arguments would be equally 
applicable to pre-Tertiary or even pre-Cretaceous deposits; so that, 
with no other evidence to the contrary, there appears to be no r-eason 
for doubting McGee's identi:fication3 of this "gravel" with Lis ''Po to· 
mac formation." It is, however, worth while to note that Lewis t finds 
that " a precisely similar formation caps some of the hills in New 
Jersey. On top of the hill at Mount Holly, N. J., is an identical con
glomerate of gravel, similar in appearance and composed of the same 
materials as the formation in Pennsylvania. The conglomerate has the 
peculiar ferruginou.s glaze already noticed. It here overlies Cretaceous 
marls and sands." 5 

Iron ores and lignites, supposed to be of Oe'hozoic age.6-The stratig
raphy of the various "Tertiary" lignitic and iron-ore deposits of south
eastern Pennsylvania, especially of Montgomery County, Las been care
fully studied by Mr. Lewis, who has found them severally of the Bryn 
Mawr gravel horizon,7 or stratigraphically beneath it.8 Owing to the 
probable age 9 of this gravel, these lignites and ores will not be dis
cussed here. 

DELAWARE. 

Geographical distribution of Cenozoic deposits.-The Cenozoic as well 
as the older deposits in this State are covered to such an extent by the 
Columbia10 formation that their geographical distribution is as yet but 

IProc. Phila . .Acad. Sci. for 1880 pp. 268-272. 
2Ibid., p. 277, 288,289. Jour. Fraukl. Inst., 3d ser., May, 1883, vol. 85, p, 371. 
3.Am. Jour. Sci., 3d ser., 1888, vol. 35, p. 130. 
•Jour. Frankl. Inst., 3d ser., May, 1883, vol. 85, p. 372. 
6 Recent observers have informally express eel the opinion that these gravels would prove to be 

Lafayette. 
&Proc. Acad. Nat. Sci. Phila. for 1880, vol. 32, pp. 281-291. 
7Ibid., p. 288. 
8Ibid., pp. 288-289. 
9Upper Jurassic; .Am. Jour. Sci., 3d ser. 1888, vol. 35, p.138. 

Jo The" Delaware gravels" and '·Estuary sands" of Chester. See Am. Jour. Sci., 3d ser., 1885, vol. 29, 
p. 36. '.rhe "Lower clays" of" recent (post-Tertiary) origin. ' Booth, Mem. Geol. Surv. Del., 1841, p. 94. 
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indefinitely known. According to the interpretation of Mr. F. D. 
Chester, 1 the boundary line between the Cretaceous and Cenozoic sys. 
tems extends across the State in an ENE. an<l WSW. direction, pass
ing in its course about 3 miles south of Middletown. From this line 
south as far as Murderkill Creek a belt of Miocene clays occupies the 
whole width of the State, just beneath the Columbia formation. Still 
farther to the south the pre-Columbia sands and clays are, according 
to the same author,2 presumably of ''later Pliocene" age. 

Judging from the general trend of the Tertiary outcrops in adjacent 
States, it seems probable that the foregoing statements approximately 
represent. the truth, provided only that the " glass sand" of New J er
sey and this State be regarded as Pliocene, a supposition for which 
there appears to be no paleontological evidence. 

Stratigraphy.-The uppermost layer in the Cretaceous system is, ac
cording to Booth,3 a sandstone or conglomerate which separates the 

fossiliferous sands below from the Y el-

1' 611 Soil. 

3' 6" Black sand. 

6' 611 Yellow sand. 

2' Pebbles. 

5' 611 White and yellow clays. 

4' Blue clay. 

FIG. 3.-Section of well near Blackbird, 
New Castle County, Del. 

low clay formation of the Appoquini
mink hundred above. 

The last-named formation consists for 
the most part of yellow clay/ though 
beds of coarse gravel and bluish and 
whitish clays are not uncommon. Not 
far from Blackbird, on the north bank 
of a creek of the same name, a well was 
dug to the depth of 15 feet and a bor
ing made 7 feet deeper. A section is 
given in Fig. 3 of the various beds passed 
through, together with their respective 
thicknesses.5 The Yellow sttnd con-
tains numerous particles of green sand, 

and hence has been supposed to be derived from Cretaceous deposits. 
Not far from the same locality fragments of silicified wood are fre
quently seen, which belong, perhaps, to the genus Pinus.6 No other 
fossils seem to have been noted in this " Yellow clay formation." 

Just how much of the section here represented Mr. Chester would 
consider Miocene and how much Columbia 7 is a difficult question to 
settle; yet, from his brief characterization of the Miocene bed of this 
State, it may be presumed that at least the lowest 4 feet of the boring 
penetrates into Miocene clay. 

Farther to the south, along the branches of Old Duck Creek8
, per

haps 4 miles below Smyrna, a stratum of blue clay appears, proved to 

• Proc. Phila. Acad. Nat. Sci., 1884, p. 240. Map. 
2lbid. 
B.James C. Booth: Memoir of the Geological Survey of Delaware, Dover, 1841, pp. 53, 8S. 
4 Ibid., p. 89. 
6 Ibid., p. 90. 
•Mem. Geol. Surv. Del., 1841, p. 89. 
7 Cf. McGee. "Delaware Gravels" of Chester's nomenclature. 
•Yem. Geol. Surv. Del., 1841, p. 81. 
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be of Miocene age by the fossil shells it contains. The clay is mixed 
with white sand in such proportions as to crumble without difticulty, 
when dried, to a leaden gray, pulverulent mass. In some instances the 
upper layer of this stratum consists of a ferruginous sandstone, averag-
ing a foot in thickness, and abounding in casts of shells. Among these 
have been note<l 1 Venus alveata, V. inoceroides, Nucula lmvis, Myocon
cha incurva ? , Pecten madisonius, Mactra, Cardium, and Serpula. The 

blue argillaceous layers below contain 
Soil and conglomerate. casts of apparently the same genera 
6'-10' Reddish yellow 

sand. and species. The thickness of the whole 
1' S11ndstone, very fos· stratum is known to be at least 12 feet ; 

siliferous. 
Creek ~- ~--······ __ J3luish clay. and, like the Miocene clay of New J er-
level. - sey, becomes somewhat arenaceous in 

its lower parts. Above it reposes a bed 
Fm. 4.-Section at Wales's mill-dam, near of reddish yellow sand, passing at times 

Smyrna, Del. 
into a similarly colored clay and capped 

by a gravelly layer cemented into a conglomerate by oxide of iron, 
while this in turn is covered by a light, loamy soil. The order of super
position, together with the tliickness of the various strata, is repre
sented in Fig. 4. 

Farther to the southwest, near the headwaters of Choptank Creek, a 
blue clay has been observed 2 at" Smith's mill," rising a few feet above 
tide, differing in no respect from that on Old Duck Creek except in the 
absence of fossils. It is also overlain by a yellow gravel s~nd and loam 
and capped by gravel. This clay, according to Booth, appears to be 
continuous with Miocene clays lower down the Choptank, and it may 
therefore be a continuation of that at Old Duck Creek. 

For several miles southward from these creeks the substratum of 
clay3 observable in nearly all the streams seems to be without fossil re--
mains. On .Jones Creek, east of the 4'-6' Yellowish brown loam. 

Statehouse 4 the clay rises a little above 
water level and appears to be of a gen- 8'-10' Reddish gravelly loam. 

eral yellowish color, though streaked 
with a few white seams. Upon it rests 15' Yellow clay. 

!1 reddish gravelly loam 8 or 10 feet 
thick, and upon this in turn a yellow- Yellow sand. 

ish sandy loam 4 Or 6 feet in thickneSS. FIG. 5.-Generalized section on Tydbury 
branch and .Joucs Creek, Kent County, 

The greatest known thickness of the Del. 

Yellow clay stratum (15 feet) was obtained by a boring near the junction 
of Tydbury branch and Jones Creek. The yellow saud at the bottom, 
howevt~r, may be only a subordinate bed in the clay. The accompanying 
section (Fig. 5) represents graphically the sequence, character, and 
thickness of the above-mentioned deposits. 

1 Mem. Geol. Surv. Del., 1841, -p. 81, 82. P. ma.disonW8 is on Dall's authority. 
2 Ibid., p. 83. 
Bibid., pp. 91-9 •• 
'Ibid., p. 92. 
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It is evident from the statements of Chester 1 that he regards this 
stratum of clay as a continuation of the fossiliferous deposit on Old 
Duck Creek. Booth 2 is inclined to think it stratigraphically above 
this deposit, and below that of Murderkill Creek to be described here
after. 

Little is known definitely regarding the dip of the various Tertiary 
and Quaternary deposits of this State, but upon general principles it 
has been assumed that there is a general low dip toward the southeast.3 

The observations of Booth, 4 however, tend to show that the city of 
Dover is located in a general depression of the subjacent strata. The 
slight northern dip for some distance southward from Dover tends 
to prove that the stratum of clay under consideration merges into the 
blue fossiliferous clays of Murderkill Creek. 

Along the confluents of this creek, in the neighborhood of Fred
erica, the Miocene is again fully developed, abounding in fossil re

mains. A typical section of the rep-
:::.:-::· .. :'~·::: ·:::~ 

.'::: >;:' 

n:r\:;:;-r,=: 

-------

1' 2' Sand and ferruginous resentative beds of this vicinity was 
conglomerate. 

3' Brownish yellow sand. obtained at ,, Springmills" by Booth,5 

which is here represented graphically 
31 61 light gray sand with 

casts. (Fig. 6). "The uppermost stratum is 
Ironstone-Pecten. loose sand, below which is a ferruginous 
Blue clay. conglomerate of sand and pebbles, 1 to 
water level. 2 feet thick; next a brownish yellow 
Blue clay. sand, containing a large portion of oxide 

of iron, 3 feet, at the bottom of which 
FIG. 6.-Section at "Springmills," Frederica, • f 

Kent County, Del. is a thin layer o gravel; still lower a 
light gray, somewhat argillaceous sand, 

partially indurated, and abounding with casts of shells, from which the 
carbonate of lime has been wholly removed and sometimes replaced 
by a thin coating of brown oxide of iron, excepting in one instance, 
in which a part of a single shell remained; its thickness is from 3 to 
6 feet; below it is a stratum of hard ironstone, 1 foot; and the lowest 
stratum visible is a blue clay similar in every respect to that of the 
Northern Tertiary (at Old Duck Creek), cons:asting of more or less white 
sand imbedded in a highly tenaceous blue clay and abounding in impres
sions of the same shells that characterize the upper white sand. The 
hardest shell-casts are found in the ironstone, and among these we 
recognize a large scallop shell, probably the Pecten madisonius. A 
boring made to the depth of 5 feet below tide-water offered no vari
ation in the nature of the blue stratum." 

The series of sands and clays termed Pliocene by Chester,6 occupies 

J Pro c. Phil. .A cad. Nat. Sci. for 1884, p. 240 .• 

2 Mem. Geol. Surv. Del. 1841, pp. 91, 93. 
BJbid., p. 93, and Proc . .Acad. Nat. Sci. Phila. for 18S4, p. 240. 
'Ibid., pp. 92-93. 
6 Ibid., p. 86. 
e Proc. Phil. .Acad. Nat. Sci. for 1884, p.240. 
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that portion of the State to the south of Murder kill Creek. That some 
of the sand beneath the Columbia formation may represent the Glass 
sand of New Jersey seems very probable ; but, admitting this, their 
Pliocene age, as before stated, is not proved for want of paleontological 
evidence. Booth 1 includes all these beds under " Recent Formations." 

MARYLAND. 

'.rhe terms Eastern Shore and Western Shore have been used to des
tgnate those portions of the State lying respectively to the east and 
west of Chesapeake Bay. For the sake of convenience and perspicu
ity, the Miocene deposits of these two divisions will here be considered 
separately. 

EASTERN SHORE MIOCENE. 

According to Mr. Uhler 2 the southeastern boundary of thG Eocene 
in this part of the State begins "near the head of the Andover branch 
of Chester Uiver, next the Delaware line,3 and extends, in an inter
rupted order, west of southwest past Sudlersville, Churchill, and Center
vi1lc, and, taking in Kent Island, crosses to Chesapeake Bay." 

Several characteristic Miocene fossils have been found at Easton, on 
Treadbaven Creek.4 The southern limit of the Tertiary series has been 
defined 5 as extending from near the head of the Little Choptank east
ward to the Delaware line. The evidence upon which this limitation 
is based is wholly lithological and very unsatisfactory. 

WESTERN SHORE MIOCENE. 

On this side of the Chesapeake the southeastern boundary of the 
Eocene is said 6 to begin a,t the mouth of West River; thence it passes 
in a general southwesterly direction, above Lower Marlboro, to near 
Ludlows Ferry on the Potomac. To the south of this line the penin
sula is mainly composed of Miocene beds, overlaid by the Columbia 
formation. 7 

The knowledge hitherto acquired in regard to the Miocene of this 
state has been obtained almost exclusively from examinations made 
along the low banks and escarpments of Chesapeake Bay and the 
Patuxent and Potomac rivers. In the fol1owing discussion, the forma
tion as it appears along the above-mentioned bodies of water will be 
considered as constituting three sections, extending from the Eocene 

J Mem. Geol. Surv. Del., 1841, p. 94. 
2 'frans. Md. Acad. Sci., 1888, p. 30. 
3At "Wye," doubtless the modern Wye mills in the extreme northern part of Talbot County, 

Prof. J. W. Bailey found the "Infusorial Stratum" of Rogers " with all its usual characteristic spe
cies." Am. Jour. Sci., 2d ser., 1851, vol. 11, pp. 85-86. 

4Second Bull. Proc. Nat. Institution, 1841-'42, p.176, Proc. Acad. Nat. Sci.Phil. for 1880, p. 25. 
6 First Rept. of State Agric. Chemist, Md., 1860, p. 44, map. _ 
6 Trans. Md. Acad. Sci., 1888, vol. 1, p. 30. 
7 .A.m. Jour. Sci., 3d ser., 1888, vol. 35, p. 380, 383, 449. 

Bull. 84-4 
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on the north to the Pleistocene beds on the extreme end 
sula. 

Section along the west shore of Chesapeake Bay-In accordance 
Conrad's observations/ the northernmost outcrop of Miocene 
along this section is that near Fair Haven, Anne Arundel C 
The bluffs in this vicinity generally rise to the height of about 50 
above tide, while their continuity is interrupted by numerous val 
of bayward-flowing streams. The lowest stratum, level with the 
is compos~d of clay, containing a layer of Ostrea percrassa, 
hurnphreysii, and various other species. The top of this stratum is 
about 5 feet above the level of the bay. Above is a light-colored clay, 
containing great numbers of siliceous casts of smaltshells, chiefly Tur
ritellas; to this succeeds a whitish clay without fossils. 

Section at Fair Haven, Anne ATundel County, Md., ajtm· Conma.a 

:Feet. Character of strata. 

50 Whitish clay. 

Bones of cetacea. 

3 Clay, with siliceous casts of marine shells, and fragments of bones. 

5 Clay, with Ost1·ea perm·assa and Vola hum1Jhreysii. 

This locality is "interesting from the occurrence of joints which trav
erse all the strata without interruption, and which were evidently 
produced by the same cause as those in Paleozoic formations. 4" 

About 20 miles south of Fair Haven(" near Col. Blake's" 5
) the escarp

ment is at least 150 feet high. At its base the clay stratum is replete with 
a species of Tellina, and above this, at about 6 feet elevation, there is a 
thin stratum of Ostrea pm·crassa. The upper portwn of the clifl:' con
sists of sand and clay, apparently destitute of fossils. At a point a 
few miles farther to the south ("Capt. Hance" 6) a small stream bas · 
worn a channel in the bank and exposed the beds of a mixture of sand 
and clay, in general very incoherent, with numerous fossil remains. Its 
elevation is but a few feet above the level of the bay. From it Conrad 
cites thirty-seven species of Mollusca.7 · Three or 4 miles farther to the 

1 Second Bulletin, 1841, Proc. Nat. Inst., p. 181. 
2 Prof. J. W. Bailey discovered (Am. Jour. Sci., 2d ser., 1849, vol. 7, p. 437) the "Infusorial 

stratwn" of the Lower Miocene, at Herring Bay, on the west coast of Chesapeake Bay. 
3 'I'. A. Conrad, Second Bull. Proc. Nat. Inst., 1841-'42, 'P· 181. 
4 Ibid. 
6Ibid. 
6 Ibid. 
7 ~bid. 
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lOuth (Capt. Beckett's1) there is another vertical cliff, perhaps 35 feet 
m elevation, whose basal portion is formed of a brown mixture of sand 
and clay, and contains the same fossils as those found at "Capt. 
Hance's"; above, the fossils occur, bnt less frequently; then succeeds 
a 20-foot stratum of sands and clays apparently without fossils; above, 
and resting on this, is a stratum of quartzose sand, very incoherent and 
filled with shells, among which are Dosinia acetab~tlum, Discina lugu
bria, and Pecten madisonius. 

Cliff near "Capt. Beckett's," Calvert County, Md. 2 

Feet. I Character of strata. 

5 Sand, without she1ls. 

3 Sand, with innumerable shells. 

20 Mingled sand and clay, without fossHs, or very rare. 

---

3 Same as below; less numerous. 

. . -.... ...................................................................................................................................... 

4: Sancl and clay, with a group of shells like that at Hance's. 

From this place to the mouth of the Patuxent, escarpments contain
ing Miocene fossils are numerous. It is not, however, till Cove Point is 
rounded that they have received any scientific investigation. In the 
vicinity of Cove Point, both Conrad 3 and Clark 4 have noted the occur
rence of cetacean bones; and between this point and the mouth of Pa
tuxent River each has noted the occurrence of a great number of fossil 
mollusca. Concerning the geology of this section b~tween the mouths 
of the Patuxent and Potomac no observations ~eem yet to have been 
recorded. 

Section along the Pat~txent River.-On the Calvert County side of the 
Patuxent River, about three-quarters of a mile below Lyons Creek, an 
abrupt bank rises to the height of 44 feet. 5 In the lower portion typical 
Eocene materials and fossils appear, while in the upper part there is a 
stratum of diatomaceous earth, or '' Tripoli," about 3 feet thick. From 
this point to Hollands Cliffs, 2-2 miles below Lower Marlboro, the upper 
surface of the Eocene approaches nearer and nearer the level of the 
river, while the stratum of rripoli increases to a thickness of 30 feet. 
This in turn is here overlain by a slightly ferruginous sand, about 6 

1 T. A. Conrad, 2d Bull. Proc. Nat. Inst. , 1841-'42. 
ll Ibid, p. 182. 
Bibid., p. 183. 
4 Johns Hopkins University, Circ. No. 65, April, 1888, p. 3. 
•:r. R. Uhler: ~'r;ms. Md . .Acad. Sci,, 1888, pp. 22, 23. 
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feet thick, holding an abundance of Miocene shells, Perna rno.~x~~~~au 

and Ostrea percrassa. At a short distance above Coles Creek, 
blue sandy clay appears. 

Miocene beds very similar to these have been noted by Conrad 
some distance away from the river, but which can be most 
discussed in this section. At Huntington 1 in the northern part of 
vert County, about 4 miles east of the river, he found Perna maxil 
at the bottom of the race-way excavation, in a quartose sand, 
which rests a "blue marl, with shells similar to the group at C 
Hance's. Three miles from here, at the bottom of a ravine, great n 
hers of Perna maxillata and JJiscina lu.gubris are imbedded in a lead
colored clay. At Charlotte Hall,2 between the Patuxent and Potomac, 
Mr. Conrad found Perna maxillata at the bottom of a ravine, in a matrix 
of sand, above which rested a 30-foot bed of " dilu vial." 3 

Returning again to the Patuxent river,4 at a point not far from Ben
edict where the cliffs are very high, their upper portions are formed of an 
arenaceous fossiliferous bed some 15 or 20 feet in thickness; beneath 
this, as is known from observations farther down the river, are Perna 
maxillata beds. Two or three miles farther down the river the arena
ceous bed becomes thinner, is filled with Scutella alberti, is overlain by 
a thin bed of Ostrea virginica, and beneath it, to the water's edge, is a 
bed replete with Perna maxillata. Six miles farther to the south ("at 
the landing of Dr. Gilliams ") the Scutella rock reaches the warter's 
surface. At a distance some 12 miles from Bene<lict a range of cliffs 
begins that continues to the mout.hs of the Cuckold and St. Leon
ard's creeks. Near the base of the bank, at the mouth of the last-men
tioned creek, a rock appears which resembles in its lithologic character 
the Scu.tella rock before mentioned, and is characterized as follows: 
"This rock has originally been a stratum of coarse sand, full of frag
ments of Balanu.s proteus, mixed with many whole specimens of the 
same, and of Pecten madisonius, which abounds on the upper surface." 
Much of the sand has been washed out, and the remainder of the 
stratum has become cemented by carbonate of lime and oxide of iron. 
It is a very porous rock, with an exceedingly craggy or irregular surface. 

Resting upon this is a stratum of fine, siliceous sand, cemented by 
carbonate of lime, in which are imbedded innumerable casts of Pen~a 
ma.rcillata, with many Pholas ovalis. At the mouth of Cuckold Creek, 
on the opposite side of the river, these fossiliferous beds appear at the 
water's edge, but on account of the southeastern dip they soon disap
pear beneath stratigraphically higher deposits. To the northward they 
extend along the range of cliffs referred to above. 

12d Bull. Proc. Nat. Inst., 1841, p. 183. 
2Jour. Acad. Nat. Sci. Phila. 1st series, 1830, vol. 6, p. 212. 
3 In Cope's article "Vertebrate Fauna of the Miocene period," etc., Proc . .!.cad. Nat. Sci. Phila., for 

1867, pp. 138, 139, a list of about 50 species of molluscan forms is given from near J. T. Thomas's resi
ucnce. not far from the Patuxent IUver; Charles County, Md., Conrad's identifications. 

4 2d Bull. Proc. Nat. Inst., 1841, p. 183-184. 
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some distance toward "Point Patience," from St. Leonard's 
the Balanus rock appears along the shore. When la8t seen it 

to a height of 6 feet above the water, overlain by a stratum of fri
a.nd 4 feet thick; then follows a bed of gravel a foot thick with 

~ oo~asJlon:ftl pebble, and the highest stratum consists of a clay with
ils 7 feet thick. 

along the Potomac River.-A short distance above the mouth 
Tobacco Creek the Eocene deposits grade upward into drab 

sands. Near Ludlows Ferry this sand is overlaid by diatoma· 
arth as on the Patuxent. That the Miocene series extends along 

nk of the Potomac from this point to St. :Marys river can not 
be doubted, but unfortunately this region has never been examined 

eologi t. 
the right bank of St. Marys River, near the water's edge, innu

•M'able fossils are exposed. Here it is that Conrad and others have 
e tensive collections. According to Conrad the stratigraphy of 

bank near the mouth of the river is as follows: 1 

Section on St. !Jiary's .River, Ma1'yland. 

Character of strata. 

Mi ed sand clay, without fossils. 

2 Sand and clay, with the same shells as below. 

5 Lead-colored clay with, 3, group of shells as given in the lists, ·2, veins of I Turritella plebeia, 11 Panoprea. 

From the fragmentary, comminuted state of the shells and from the 
occurrence of separated valves, Mr. Conrad concludes that this deposi
tion was made near enough to the sea beach " to be influenced by the 
urrents along the shore, or perhaps by the undercurrent of the surf, 

during the prevalence of violent tempests." 2 Some of the large uni
valves are most common in the arenaceous stratum, but none are lim
ted to it. 'fhe eastern bank of the river presents a cliff of nearly the 
same elevation, 15 or 20 feet. The clay rises about 3 feet above tide, 
containing the same group of shells which prevails on the opposite 

Near the southern end of the cliff the fossils disappear, having 
been converted into masses of selenite, many of which are 12 inches in 

l'\· Cliantet•~r, and which are profusely imbedded in the clay near the level 
of the beach. 

The predicament in which Conrad leaves the stratigraphy of the Mio
cene beds of this state is very remarkable. From his study of the 
Chesapeake section he is led to conclude 3 that the beds in the northern 

12d Bull. Proc. Nat. Inst., 1841, p. 185, 
2Jbid., p. 186. 
SJbid., p. 176. 
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part of the section are contemporaneous with those of the 
that, in fact, they extend horizontally along the coast line. 
contrasted with these statements are those referring to the straiJ-'-f'>-'-""l"ll~ 
of the Patuxent River section. In several places he refers to the 
along this river carrying beds beneath those of higher formations 
the south and causing them to rise toward the north. 1 The followin 
diagram is a graphical representation of the ideas conveyed in his 
text. 

FIG. 7.- Scction along the Patuxent, after Conrad. 

Chesapeake group.-Heilprin bas endeavored to show, chiefly by pale· 
ontological evidence, that there are two w·ell defined divisions in the 
l\fiocene formation of this state, as well as in others to the south. 

That the fossiliferous beds exposed in the northern part of the Mio
cene area of the peninsula are stratigraphically lower, ctnd hence older 
than those of the southern part, is probably true. One would accord
ingly expect to find a larger number of recent species in the southern 
beds than in the northern ones; this Heilprin has shown to be the case. 
But there is no evidence characterizing two or any other particular num
ber of subdivh;ions. It is for the present better to regard them as 
a continuous series of beds, in which some species keep dropping 
out and new ones appearing, instead of two distinct groups of 
deposits. The finding at St. Leonards Creek in the same bed of wl:at 
have been regarded as fossils typical of the lower and upper beds 
respectively 2 goes far toward proving a continuity of deposition in the 
Miocene as represented in this state from the base to the uppermost 
deposits. For this series of beds the name of Chesapeake formation 
has been proposed by Darton. 3 

J 2d Bull. Proc. Inst., 1841, p. 184. 
2W.B.Clark: The.Johns Hopkins Univ. Circ.No.65, 1888, p . 3 ; andT. A. Conrad : 2dBull. Proc. 

Nat. Inst., 1841, p. 184. Recent collectors have found Perna maxillata and some other species to be 
by no means confined to or charact~ristic solely of the older ueds. See also discussion of the Chesa
peake group under" Florida" of this essay. Darton is of the same opinion. 

SFor a discussion of the nomenclature of this series see under "Chesapeake group ,. in the aection 
devoted to Florida. 

Cf. Darton, Bull. Geol. Soc. Am., vol. 2, pp. 431-450. This publication was issued after the present 
work was practically complete. Mr. Darton bas found the Chesapeake formation to be mueh more 
extensively developed in some parts of Maryland than earlier writers bad supposed. 
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From observations made on the Chesapeake and Potomac, Conrad con
cludes that the upper Tertiary borders the lower part of the peninsula 
from near the mouth of Town Creek, on the Patuxent, to a point on the 
Potomac about half way between St. l\farys River and Brittains Bay. 

The most common fossils of this formation 2 are Ostrea virginica, Jl:fy
tilus harnatus, Pholas costata, awl Area transversa. Some of the species 
retain their colors and nearly all are known to exist in a living state. 
Hcilprin does not state his reasons for regarding this formation as be
longing to the Pliocene epoch, but he probably relies on the presence of 
a few supposed extinct species.3 :McGee seems to regard it as synchro
nous with the beds of Delaware, containing several recent species, which 
CheAter, tracing them inland, found to be continuous with the Dela
ware gravel. 

VIRGINIA. 

For our knowledge of the Neocene beds of this State we are mainly 
indebted to tlle labors of W. B. Rogers and T. A. Conrad. The latter 
described or iclentified molluscan forms from nearly all the more im
portant exposures, while the former by a series of investigations, ex
teudiug from 1834 to 1841, examined and described in detail the stra
tigraphy and lithology of this as well as other formations in the State. 
11he work of Rogers4 will therefore form the basis of this brief discus
sion, though the material has been rearranged and, in some instances, 
slightly modified for the sake of clearness, and to bring it into harmony 
with the results and methods of more recent investigations. 

The final disappearance of the Eocene formation with its gentle dip 
eastward may be roughly defined as on a line extending in a southerly 
direction from Mathias Point on the Potomac, past City Point on the 
James, to the North Carolina line. To the east, the state is traversed 
by numerous large rivers, from whose banks our knowledge of the Ter
tiary deposits has been chiefly derived. Of these, the four most impor
tant are the Potomac, Rappahannock, York, and James. Sections 
along each of these will now be considered, beginning with the most 
northern. 

I Upper Tertiary formation, Post-Pliocene period, Co11rad, 2d Bull. Proc. Nat. Inst., 1842, pp.187-188. 
Post-Pliocene (Pliocene '!), Pleiocene, Heilprin, Proc. Phil. Acad. Nat. Sci. for 1880, pp. 21-23. 
· Columbia formation, McGee, Am . .Jour. Sci., 3d Ser., 1888, vol. 35, p. 449. 

2.four. Acad. Nat. Sci. Phila., 1st ser., 1830, vol6, pp. 205 et seq.; also 2dBull. Proc. Nat. Inst., 1841, 
pp. 187-188. 

a This fauna should be reexamined. The congregation of species as identified by C:onrad is in gen
eral of a type resembling the present or a slightly colder water fauua, but it is remarkable for the 
:.nresence of Gnathodon or Rangia cuneata Gray, which is now confined to the brackish estuaries of 
the Gulf of Mexico. 

4Most conveniently consulted in the octavo reprint of [his] papers on the Geology of the Virginias, 
New York, Appleton, 1884, pp. xvi, 832, with many maps and illustrations. 
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RIVER SECTIONS. 

Section along the southern bank of the Potomac.-As before stated, the 
Eocene beds disappear beneath the waters of this river not far from 
Mathias Point, but their contact with the beds known to be of Miocene 
age is nowhere shown. The reddish and yellowish clays incumbent on 
the Eocene just above the point disappear just below it, and the" shore 
becomes low and retiring." 

We are left, by the statement of Rogers, 1 somewhat in doubt as to 
the exact distance down the river from Mathias Point to the first ap
pearance of the Miocene, but it is certain that beds of this age do 
appear four miles above the mouth of Chantilly Creek, Westmoreland 
County.2 

A bluish ~andy stratum 5 feet in thickness here appears in the face 
of Stratford cliff at an elevation of about 50 or 60 feet above tide. This 
is filled with numerous and well preserved specimens of Perna max illata 
(small size), Turritella plebeia, Mactra modicella, Area idonea, and other 
large shells. This bed dips gradually to the east and at a distance of 
a mile and a half below its first appearance it is but 15 feet above the 
river. Nearer the mouth of Chantilly Creek 3 the fossils exist only 
as impressions in a blue sandy clay matrix that occupies the base of the 
bluff to a height of from 50 to 70 feet. The species here noted were 
Pecten madisonius, Vemts mercenaria, V. cortinaria, and Mactra modi
cella. 

Chantilly cliffs, situated below the mouth of the creek of the same 
name, form, according to Rogers, 4 a continuation of the Stratford cliffs 
just described. The fossiliferous stratum rises from the water's edge 
to a height of 25 feet. It contains few Pernas, but Mactras and Pec
tens are abundant. 

Still farther down the river, at Cole's Point, on the south side of the 
mouth of the Lower }fachodoc, a low bluff appears "which is prolonged 
for about 1~ miles down the river at a pretty uniform elevation of 14 
feet. A few paces below the point the following strata occur: 

1. A layer 2 feet thick, consisting of a bright yellow mixture of sand and clay, 
abounuiug in shells of various kinds, among which are Perna maxillata, Ostrea corn
p1·essirostra [as identified by Rogers], Ven~ts met·cenaria, V. Cortinm·ia, V. paphia, 
Isocm·dia fraterna, Pecten madisonius, P. jeffcrsonius, Pectunculus pulvinatus, Corbula 
ineq~tale, and T~tn·itella vat·iabilis. 

2. Next a layer 6 feet thick, composed of mottled ferruginous sand with a small 
admixture of clay, containing no shells, but abundant markings, as if shells had once 
been present in great numbers. 

3. A band of iron sandstone 3 inches thick, and 
4. A dark mold, extending to the top. 

I Geology of the Virginias, p. 422, 1884. 
2 Ibid., p. 428. 
3 Dr. Leidy mentions the occurrence of Balama p1·isca and Orocodilus antiquua with Pecten ;ejfer. 

1onius in Westmoreland County, Virginia, Proc. Acad. Nat. Sci. Phila., vol. 5, p. 308. 
' Geology of the Virginias, 1884, p. 429. 
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In proceeding down the Potomac the yellow marl is seen gradually rising higher 
in the bank. A stratum of blue marl lying beneath it next comes in view, and this 
continues along the base of the bank extending some distance out upon the beach, 
until the shore sinks into a low sandy flat at Ragged Point. 1 

By this it would seem that the general southeasterly dip is here re
versed, at least for a short distance. Similar reversions will be fre
quently referred to in connection with the sections along the rivers 
farther to the south. 

Farther to the southeast, in Northumberland County, Miocene fossils 
occur in the banks of Hull Creek about 2 miles above its mouth. The 
lowest stratum here exposed consists of a ledge of ferruginous rock, 
containing immense numbers of Perna maxillata., with Venus and Pec
ten, firmly cemented together. The bed is 2 feet thick. Above it rises 
a stratum of yellowish sandy clay of the same thickness, abounding in 
Perna maxillata in a very friable condition. Incumbent on this is a 
10-foot bed of light blue marbled clay, capped by course diluvium. 

From the foregoing detailed description of what is recorded of the 
various Miocene exposures along or near the southern bank of the 
l")otomac it may be seen that the stratigraphy of the section is as yet 
almosb wholly unknown. 

Section along the Rappahannock River.-The Eocene strata finally 
disappear beneath the level of this river 2 not far from the mouth of 
Chincoteague Creek. The bluffs, such as border the river in this vicinity, 
give place to low sandy shores farther down the river, as did those on the 
PotomacatMathias Point. No Miocene outcrop has been definitely men
tioned above Belmont, Lancaster County. Here the cliffs are made up of 
heavy beds of clay and sand, overlain by the ordinary diluvium and 
resting upon $ stratnm of soft ferruginous sandstone. No fossilH are 
mentioned up to a distance of 1i miles below this place. Here a rocky 
layer is meb consisting entirely of shells, converted into brown oxide of 
iron, situated at the base of the cliff. This continues in the same direc
tion for a distance of 1! miles. The following is the order of the strata 
composing the bank at a point near its eastern termination: 

1. Six feet of diluvium. 
2. Five feet of sand. 
3. Ferruginated Bhelly rock, 4 feet thick, with the same shells as in No. 4. 
4. Blue marl, containing numerous Venus, Natica, and Oliva, extending beneath 

the base of the bluff into the water. 

Below this, and within a short distance of Curratoman River, marl 
beds occur below the level of the flats, consisting chiefly of a peculiar 
elongated variety of Ostrea virginica. 

Below the mouth of the above-mentioned river may be seen, extend
ing from half a mile to 1 mile above C.herry Point, a cliff which consists 
of the following strata: 

1. Ten feet of diluvium. 
2. Ferruginous sandstone. 

1 Geology of the Virginias, p. (30. 
2 Rogers : Geology of the Virginias, p. 422. 
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3. A bed of partially decomposed Sel'pnla, containing few other fossils, 1 foot 
thick. 

4. Chocolate colored clay, with vast numbers of the 0. virginica referred to above, 
3 feet thick. 

5. Blue clay marl, extending from beneath water level to a height of 3 feet. 

Miocene marl, clay, and shelly rock continue at intervals from here to 
Mosquito Point, below which the shores become flat and sandy. Here, 
as wen as on the Potomac, there is a slight syncline, causing a reversal 
of the direction of the dip near the most eastern exposures of the two 
sections. The finding of marl with characteristic Miocene fossils near 
Kilmarnock indicates 1 "the prolongation of the :Miocene strata to the 
very extremity of the peninsula." Finally, it must be admitted here, as 
in the case of the section along the Potomac, that tbe stratigraphic 
relations of the various beds exposed are as yet wholly unknown. 

Section along the York River and its tributaries.-Though there may 
be a few Miocene outcrops along the Mattapony, the northern fork of 
the York River, none seem to have been recorded by Rogers in any of 
his y3,rious publications. But on the Pamunkey, the southern fork of the 
York River, numerous sections have been made in the vicinity of and 
above Piping Tree 2 that show the Eocene beds over·laid by those of 
Miocene. 

At the place just referred to the strata taken in a descending order as 
follows: 

Miocene.-1. White friable sandy clay, containing fossil impressions ...... . 
2. White sandy marl with broken shells ...................... .. 
3. Ferruginous stratum, abounding in casts, antl occasionally con-

taining the shells themselves ............................ .. 
4. Thin band of black pebbles ................................. . 

Eocene. -5. Dark greensand stratum, no shells .......................... . 
6. Rocky shell of cemented shells of Ost1·ca sellcc(unnis .......... . 
7. Dark greensand stratum, with small shells .................. . 

Ft. In. 
10 0 

G 

G 

4 0 
6 

2 0 

Total. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 6 

The precise point at which tbe Eocene finally disappears "occurs at 
Northbury, 3 and directly opposite at the plantation of Dr. Charles Bax
ton." 

From this point bayward no references of any importance are made 
to Miocene beds until a point is reached about 6 miles above Yorktown, 
termed by Rogers 4 "Jones's Plantation." At this place the shelly 
stratum similar to those nearer Yorktown is overlain by a thin and in
terrupted layer of a siliceous rocky mass, "approaching in its p~rous
character and harsh, gritty texture to the nature of the buhrstone of 
France. Associated with this is a more compact rock, containing some 
carbonate of lime, with much sile;x:, and exhibiting very perfect casts 

I Rogers: Geol. of the Virginias, p. 433. 
t Geol. of the Virginias, p. 5il. 
I Ibid., P- 51. 
4 Geology of the Virginias, p. 38. 
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and impressions of Pecten, Cardium, etc. Over these strata is the 
usual layer of ironstone, and the general aspect of the upper bed is 
somewhat ferruginous." 

From Kings Creek to W ormleys, numerous Miocene beds are exposed 
in the banks of the river. These were examined in a cursory manner 
by Rogers and described in his :first annual report of 1835. 2 More re
cent investigations by G. D. Barris, of the U.S. Geological Survey, have 
shown that the stratigraphy is by no means so simple as Rogers's de-

• scription would imply, but that there are numerous local anticlines and 
synclines together with lines of uncomformability. Following, then, 
our more recent investigations, these various beds may be described 
as follows: Between Kings and Filgates creeks a bluff rising to the 
height of from 15 to 30 feet may be seen extending along near the 
margin of the river. The lower portion, to an altitude of from 10 to 
20 feet, is composed of a grayish sandy marl, literally packed with 
large bivalve shells, of which those in the lower part are mostly 
Pecten je,ffcrsonius, while above, Venus tridacnoides, Ven·ns rileyi, Os
trea dispctrilis, Pectunculus subovatus, and Dosinia acetabulum prevail. 
Here, too, various forms of Orepidula as well as Fissurella are abund
ant; St1·iarca centenaria is occasionally met with. Below Filgates 
Creek, and extending over a mile toward Yorktown, is the famous 
Be11efield Cliff, from which great numbers of fossils have been obtain
ed. Its lower portion is mainly composed of gray· fossiliferous marl, 
save in one instance where a local syncline carries the marly portion 
beneath tide level, and the incumbent (Columbia~) clay bed alone 
forms the bluff. The other irregularities of the upper surface of the 
Miocene seem to be due to two causes, viz, erosion and disintegrati011. 
The effect of the first is plainly seen at the southern extremity of the 
bluff, near the mouth of Indian:field Creek. Here the marl bed slants 
abruptly beneath tide level, and is overlain by loamy sand. Nothing 
in the lamination of the marl indicates that this incline of the marl bed 
is due tD dip; and, from the wholly different character of the incum
bent material, it is evident that the marl suffered extensive erosion be
fore the latter was deposited upon it. The effects of the second cause 
of irregularity, i. e., disintegration, are plainly marked by sinks wher
ever the marl owes its rigidity to calcium carbonate, and is overlain by 
no impervious layers. They are formed in somewhat the following 
manner: Surface water that possesses slightly acid properties per
colates through the overlying sand till it reaches the bed of marl. Its 
calcium carbonate is attacked _and dissolved. The water thus charged 
passes into subterranean veins and is at length discharged into the river. 
The rigidity and part of the component material of the marl being re
moved, it gradually sinks down in the particular locality thus acted 
upon till :finally great holes or channels are formed in the marl, :filled, 
of course, with the residuum of disintegration and the overlying sands. 

I Geology of the Virginias, p. 37, 38. 
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The sides of the cavities are often very irregular, sometimes perpen
dicular, and sometimes even overhanging. 

The diagram below (Fig. 8) shows the general features here mentioned. 
That these cavities were not produced by the denuding action of water 

upon the surface of the marl before the 
overlying sands were deposited (as sug
gested by Rogers) 1 is proved beyond all 
doubt, considering the comparative soft
ness of the marl; by (1) the perpen- • 
dicularityor evenoverhangofthewalls; 
(2) their great depth (being in some 
instances at least 10 feet); and (3) the 

Fig. 8.-Diagram showing cavities in Shell material with which they are filled. 
marl filled with sand, near Yorktown, Va. 

This is evidently a marly product, from 
its color and ingredients,2 though the fossils it once contained are wholly 
obliterated. 

Marked examples of irregularities thus formed can be seen in the 
Bellefield cliff west of the bed of blue clay, as well as in the blufl' 
already described that extends from Filgates to Kings Creek. 

At the western extremity of the Bellefield cliff" the marl" rises to a 
height of at least 17 feet, and forms nearly the whole perpendicular 
height of the bluff'. It i8 here a gray sand full of fairly well preserved 
fossils. These are essentially the same as those mentioned above, with 
a greater abundance of Dentaliurn, M'lJ;rex, N atica, and numerous 
smaller forms. The great abundance of huge Pectens, extending along 
the base of the cliff for perhaps one-eighth of a mile, is one of its most 
pronounced features. Just west of the local syncline before mentioned 
a marked change takes place in the appearance of the marl. The shells 
are often finely comminuted and cemented together by calcium carbon
ate. Though large Pectens are very abundant at the base of the cliff, 
they do not occupy it to the exclusion of all other forms as they do far
ther west. In this cemented fra0 mentary rock, a few specimens of 
Perna 'lnaxillata were found. 

All along in this portion of the Belle:field cliff' the lamination of the 
marl is very oblique. To this structure Rogers refers in his report for 
1835,3 likening it to ''appearances described by Lyell and others as 
existing in the Crag of England." The angle of lamination varies, 
sometimes amounting to 30° but generally not over 20°, and sometimes 
closely approaching zero; the direction is approximately east. 

The Miocene, as exposed in this cliff to the east of the local syncline, 
contains fewer fossils than do the more western beds just described; it 
consists of a yellowish sandy marl, without the peculiar, regular, and 
well defined oblique lamination. It contains numerous remains of 
Cetaceans. 

l Geology of the Vi:rginias, 1884, p. 32. 
ll Ibid., p. 31. 
'Ibid., p. 3(,, 39. 
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The same marly bed appears in · the right-band bank of Indian :field 
Oreek at its mouth, though it is here but 5 feet above the water level 
and soon passes entirely below it. It reappears in low cliffs toward 
Berrys IJanding, but contains few well preserved fossils. 

Judging from the steep westerly dip in the strata well exposed in a 
blutl' about 200 yards below Berrys Landing, it is probable that the marl 
we have been describing is at this place wholly or mostly absent, and 
that the strata exposed here represent a lower horizon. The fauna is 
widely different, though containing many of the larger forms already 
mentioned; the abundance of Astarte symmetrica, A. concentrica, .A. ab
breviata? Lucina crenulata, Gouldia lunulata, etc., is here quite no
ticeable. JJiplodonta acclinis, too, puts in an appearance at this place. 
In a second bluff, about one-half mile below Berrys Landing, the same 
beds are exposed, though higher up in the bluff, owing to the western 
dip. They are at least 15 feet thick, and as they appear in cliffs nearer 
Yorktown they rise higher and higher and become fragmentary and 
consolidated into a rock of considerable hardness. 

In the extensive cliff that stretches along the shore from about a mile 
above Yorktown, the beds just mentioned can be seen for but a short 
distance at the western extremity. The fossils soon disappear and the 
sands become mingled with those of the Columbia formation above. 
Below it, at this place, however, there is a bed of gray marly matter 
14 feet thick, containing few fossils. Still below this, and reaching to 
the water's edge, is a stratum of blue marl whose upper portion is often 
stained brownish by iron oxide. In its upper portions JJosinia acetab-
1thwn and Panopcea reflexa are fairly abundant, but are very tender and 
fragile; below, in themorepurelyblue portions, Yoldia lintatula, Cythe
rea snyana, Pandora crassidens, Mactra delumbis Solen, Tellina, Scaph
illa, JJentalium, Cadulus, etc., are very common, but owing to the soft
ness of the shelly material, a perfect specimen can rarely be found. 
Near the Yorktown end of this cliff these fossils are replaced by Crepi
dulct, Pecten, Venus, etc., and the marl becomes more aren~ceous and of 
a yellowish gray color. Beneath it, at the eastern extremity, about 
half a mile above Yorktown, another fragmentary bed appears contain
ing Pecten jeffersonius and other large bivalves. This is the top of a 
series of fragmentary rocks which appear in blufl's to a point at least 1 
mile below Yorktown. The fragmentary structure is a more or less 
variable and local feature, being developed, as a rule, more commonly 
near the lower portion of the cliff's. The fossils in this series include 
nearly all that have been mentioned as occurring in the beds between 
Yorktown and Kings Creek, except, perhaps, those characteristic of the 
blue clay or Yoldia limatula bed. About one-half mile above Temple 
Place this fragmentary series is underlain by a stratum of blue clay 
marl~ very similar in character to the Yoldia limatula bed. Its thickness 
is not far from5feeton an average; its color becomes brownish upon long 
exposure. Just above Temple Place the base of this bed may be seen, 



62 THE NEOCENE OF NORTH AMERICA. [BULL. 54. 

appearing in detached patches along the top of the marl and just be
neath the Col urn bia sands. It is here about 25 feet above title, thus 
giving a westerly dip of about 25 feet in one-half mile. The fragment
ary series in the meantime disappears, its various members, having been 
brought up to a height of 25 or 30 feet by this westerly dip, have all 
been planed down to this height by pre-Columbia erosion. Immediately 
under the 5-foot stratum of blue clay appears a stratum 10 to 15 feet 
thick, literally packed with Orepidula. Inasmuch as this genus is so 
abundantly represented throughout the whole of the upper portion of 
the Miocene, this bed is most easily identified by Striwrca centenaria, 
which it contains in great abundance. The usual represent~tives of 
Ostrw, Venus, Pectuneulus, Pecten, Fulgur, etc., are fairly abundant. 
Owing to the westerly dip its lowest layers are brought up to the Co
lumbia sand a short distance below Temple Place. The superior hard
ness of this rock to the one below is very manifest just above Temple 
Place, where it protrudes beyond or overhangs the underlying bed. 
This last, though mostly hidden, appears to extend perhaps a quarter 
of a mile below Temple Place, is probably 12 feet thick, and contains 
few well preserved shells. The bed just beneath this is slightly more 
argillaceous and contains Turritella alticosta in great abundance. When 
the Miocene finally disappears, about half a mile below Temple Place, 
it presents the section described by Rogers 1 as at W ormleys Creek, 
though its component parts are by no means so separate and distinct as 
one might imagine from his description. The marl bank is here only 
about 8 feet high. Farther to the east it is absent, the bluffs being 
formed wholly of Columbia sands. 

Section along the James River.-The Eocene finally disappears be
neath stratigraphicaUy higher formations three-quarters of a mile below 
the mouth of Powells Creek, but the Miocene extends back, in detached 
areas, over the Eocene for some distance west of this point, and even 
appears in and about Richmond. Near that city Rogers first discovered 
the existence of an "infusorial stratum" in Virginia.2 Its relations to 
the adjoining Eocene and Miocene beds are typically presented in the 
principal ravine on the west side of the valley of Shockoe Creek.3 

Feet. 
1. Sandy stratum of mottled gray and yellowish brown clay, vegetable impres-

sions and prints of Pecten.s ...... ...... ------ -·---·----·· ...... MIOCENE .• 14 
2. Greenish brown and lead colored less sandy clays, with vegetable impres-

sions - ...•. - -...... --- ........ -- .....•. - ...... -- -.... - . . . . - __ MIOCENE__ 6 
3. INFUSORIAL STRATUM- •. - • --- . -- ••. ---- ••• - •• - •••••• --. - ••••••••••• _ ••• _... . 20 
4. Lead colored heavy clay of a greenish tinge. ____ . _________ . _____ .. _________ _ 3 
5. Brownish black, containing a few prints of fossils and a large amount of carbon-

ized vegetable matter, to which the color of the stratum is owing ____ . ___ . 5 

l Geolo gy of the Virginias, 1884, p. 37. 
2Procamelus virginienbis Leidy, was found in this vicinity. It is described by Leidy, vol. 1, U.S. 

Geol. Survey Terr., 1873, p. 259, .Am. Nat., 1886, vol. 20, l>· 621. 
Regarding this species Dr. Leidy informs us that he has mouified his original opinion that it belongs 

to Procamelus and now thinks it'' more nearly related to the living .Auchenia" (Nov., 1890). Its strat
igraphic position can hardly"~e regarded as definitely ascertained. 

a Geology of the Virginias, 1884, p. 4.53. 
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Feet. 
6. Lighter colored bed, with yellowish blotches, and streak-s, very friable 

even when moist, being more sandy than the succeeding. A few impres-
sions . . . . . . . ..........................................•........ EocENE • • 8 

7. Dark olive and bluish stratum, tenacioml while moist but becoming mealy aud of 
a grayish tint when dry, and in that condition showing an efflorescence of 
gypsum npon the surface. Impressions of Cardita, etc ........... EOCENE.. 4-

8. Felspathic sandstone, Upper Cretaceous...... . . . . .. . . . . . .. . . . . . . . . . . . . . . .. . . 4 

Rogers ineludes the infusorial deposit in the Miocene Tertiary. It 
rests either upon or but little above the top of the Eocene, 1 is composed 
largely of diatoms, and contains occasional casts of Miocene shells. 

From Richmond down the James River for some distance Miocene beds 
are occasionally seen lying upon the Eocene. After the latter dips be
neath tide level, the banks of the river present no point of particular in
terest until the vicinity of Williamsburg is reached. The cliff at Kings 
Mills is abrupt and has a height varying from 20 to 45 feet above the 
water. The strata of shells extend along the river with slight inter
ruptions, when the cliff sinks nearly to the level of the water for a dis
tance of bet,veen 2 and 3 miles, and they are found in a somewhat 
similar order of superposition for some distance inland. Their general 
direction is horizontal, but the outline of any one is frequently very ir
regular. This irregular outline is particularly remarkable with the beds 
of Chama which are very thick at some points, and then thin out rapidly 
and again thicken. A detailed account of the lVIiocene and Quaternary 
beds at King's Mills will be found on p. 36 of the Geology of the Vir
ginias. 

At Days Point, the most eastern exposure of marl immediately on the southern 
bank of the James River, at a short distance above the mouth of Pagan Creek, the 
shelly stratum that first emerges from the beach, consisting of the overlying bed of 
ferruginous marl, is seen gradually rising to a higher level as we ascend the river. 
A quarter of a mile above, and in a direction northwest from the point at which the 
marl first came in view, we see the blue stratum beginning to show itself beneath 
the other, and soon, with a gentle slope rising to the height of several feet above the 
base of the river bank,z 

I 

Here, as in the various exposures on Pagan and N ansemond rivers, 
the yellow ferruginous upper marl layer is often fragmentary and 
cemented together at the top. 

The only remaining point of interest to be considered in connection 
with this section is one on the north bank at the mouth of the river, 
namely, Fortress Monroe. Here an artesian well was sunk to the depth 
of 907 feet, penetrating Miocene, Eocene, and Cretaceous strata. The 
infusorial s-tratum was encountered at a depth of 558 feet below the 
parade ground, and the base of the Miocene Rogers considered to be 
between the depths 577 and 583 feet. The importance· of these deter
minations will be discussed elsewhere. 

Cenozoic district south of James River.-But little detailed descrip-

• Notes from Macfarlane's Geological Railway Guicle, 1879. .Reprint in Geology of the Vir~inias1 1884., 
p. 725. 

2 Geolog~r of the Virginias, 1884, p. 258, 
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tion is given by Rogers of this district. The line of contact between 
the Tertiary and older rocks passes in a general way, meridionally south 
from Richmond. But in its course it presents most complex sinuousi
ties. · 

Indeed, islands and peninsulas of the sandstone (secondary) are met with some 
distance eastward of the general boundary, while inlets of the Tertiary strata are 
seen penetrating beyond it to the west. Thus on a branch of the Appomattox just 
above the fork near Broadway, on a meridian several miles to the east of that of 
Petersburg t.hese layers of coarse and fine sandstones and conglomerates are seen ly
ing horizontally, one upon the other, forming a cliff about 50 feet in height, while 
in the vicinity of Petersburg the greenish sandy strata of the Eocene are found. 1 

South of this place "no unequivocal indications of the continuation 
of this lower member of the Tertiary series can be found.m The Mio
cene and later formations therefore abut directly upon the primary 
rocks to the west. 

High up along the Nansemond River, and along the Blackwater, Nottoway, and 
Meherrin, as well as their branches, a striking constancy is remarked in the position 
of that portion of the series of marl deposits called the blue marl, the lowest of the 
series as exposed in this and other parts of the area occupied by the Miocene Ter
tiary of the State. * * * This stratum may be seen skirting the water line in a 
slightly undulating band and rarely risipg to the height of many feet above the 
stream. In the southern portion of the tract this feature is most uniformly dis
played, while near the James River a decided rise of the strata may be seen as we 
trace them westward. * * * The general parallelism thus maintained between 
the plane of the marl and that of the rivers throughout most parts of the southern 
tract distinctly indicates a gentle declination of the marl in a southerly direction or 
that in which the Blackwater, Nottoway, and Meherrin flow, and indeed it might 
with some reason be maintained that the sloping of these beds in that direction, as 
well as the comparatively unyielding nature of the tenacious clays of which they 
are principally made up, have exerted an important agency in determining the drain
age in that direction, as well as preventing the streams from forming a deeper chan
nel than is furnished a few feet below the upper surface of these beds.3 

In Norfolk and Princess Anne counties diligent inquiry, aided by shal
low borings at several places, has been made along the canal and feeder 
and at other points within the Dismal Swamp, but no unequivocal deposit 
of marl has yet been found excepting in the vicinity of the Great Bridge 
in Norfolk County and 4~ miles northeast of Suffolk near the western 
margin of the swamp. Of these the latter consists of blue marl, identical 
in character with the upper portion of that formation west. The former 
was of more ambiguous character, and owing to the small number of 
species obtained, its exact horizon in the Miocene could not be deter
mined.4 However, in 1889, Prof! Shaler obtained a small collection of 
fossils in the northern part of the Dismal Swamp, immediately below 
the vegetable soil, containing 29 species of which 24 are known in the 
recent state and, of the others, one is known only from the Caloosa-

I Geol. of the Virginias, 1884, p. 261. 
2 Ibid., p. 262. 
s Ibid., p. 256. 
4Jbid., p. 257. 
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hatchie Pliocene and the 4 remaining extinct forms are common to the 
Miocene of Maryland and Virginia, and the Pliocene of Florida. This 
would indicate a position, if not Pliocene, at least very high up in the 
Miocene system. 

GENERAL CONSIDERATIONS. 

Rogers's generalized section1 along the James River, from Primary to 
Quaternary rocks, is as follows: 
A-B. Represents the beds of saud and gravel, usually lying immediately below the 

soil, which from their oblique position and the general coarseness of the ma
terials, indicate a deposition under the influence of strong currents. This 
overspreading the region extensively, and evidently due to some general 
canse, is properly to be regarded as Diluvimn. 

B-C. Horizontal beds of sand and clay, prior to the diluvium and partially and some
times entirely removed at the time of its deposition. 

C-D. Upper portion of the yellow marl-a conglomerate of fragments containing in 
its lower parts nearly entire but water-worn shells. 

D-E. Lower portion of the yellow marl-shells contained in a friable sand, and ncar 
the bottom is a tenacious clay; numerous species above, Mactra modicella al
most exclusively beneath. 

E-F. Upper blue marl-a blue clay of :fine texture; rich in Mactra modicella; shells 
becoming more varied as we descend. 

F-G. Lower blue marl-a more sandy material, abounding both in number and va
riety of its she11s. 

G. Thin band of pebbles, separating the Miocene from the Eocene Tertiary. 
G-H. Eocene on the James River-clays and sands usua11y of a grayish tinge, con

taining shells and their impressions, often presenting a considerable propor
tion of green sand and some gypsum. 

H-1. Sandstone formation-deeply channeled above, before the deposition of the 
Eocene. 

I-K. Granite and other Primary rocks, upon which the sandstone rests. 

There seem to be two discrepancies in Rogers's views of the stratig
raphy of the 1VIiocene: first, the supposition that these strata every
where preserve such horizontality as is stated by this author is opposed 
by the finding of the infusorial stratum which crops out at the surface 
near Richmond, at a depth of 558 feet below the surface at Fortress 
Monroe; seeond, not all the blue marl exposed at the base of the bluffs 
along the principal rivers can be considered as belonging to a lower 
bed in the Miocene formation. These beds of a bluish clayey marl are 
frequently interpolated in grayish and yellowish marl beds, as has 
recently been proved in the case of those exposed about Yorktown. 
Again, the borings from the Fortress Monroe well do not show the Upper 
Miocene as consisting of yellow marl and the lower of blue marl. 

That the blue marl nearly always appears at the base of the bluffs 
instead of higher up is due to the fact that when the dip brings the 
stratum up from the lower part of the bluff it is so weathered and oxi
dized that it loses its characteristic blue tinge and is not readily dis-

I Geology of the Virginias, 1884, p. 264. 

Bull. 84-5 
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tinguished from the ordinary yellow marls, except by · careful ex:~mJln~ 
tion of its dips and fossils. 

It is probable that nearly the whole of the Miocene of the state 
better known will prove to belong to the beds of the Chesapeake 

PLIOCENE ROCKS. 

The uppermost Miocene or lower Pliocene fossils found by Shaler 
the marl of the great Dismal Swamp have been already referred to, 
(p. 64), and, if Pliocene, appear to form the first recognized fauna 
that age in the state. But if the conclusions of McGee be correct, 
horizon is well represented by a perezonal formation, that first makes 
its appearance ou Potomac Creek and expands rapidly toward the south. 
Its distinctive characteristics, geographical distribution, and probable 
age will appear from the appended quotations, from the description 
given by McGee/ who applied to it the name (since replaced by the 
term Lafayette) of the Appomattox formation. 

THE LAFAYETTE FORMATION. 

Gha'racteT and distTibution.-Near the summits of the bluffs overlooking the Rappa
hannock River from the southward a mile or two west of Fredericksburg, a dis
tinctive, stratified, orange-colored, sandy clay is found reposing upon Potomac sand
stone, from which it is readily distinguishable by its greater homogeneity, the more 
compleije intermingling of its arenaceous and argillaceous materials, its more regu
lar stratification, and its more uniform and predominantly orange color. It is as 
readily distinguishable from the Columbia deposits, on the other hand, by its verti
cal homogf'ncity, its comparatively regular stratification, its distinctive color, and 
its greater range of altitude, extending, as it does, from tide-level to the highest 
eminences of the Piedmont escarpment between the Rappahannock and Roanoke. 
At Fredericksburg the deposit is commonly thin and confined to limited isolated 
areas, especially at the higher levels, and it appears at but a single locality (Potomac 
Creek) uorth of the immediate valley of the Rappahannock; but it rapidly increases 
in thickness and continuity to the southward. About the confluence of the Ny, Po, 
and Ta Rivers it forms the surface over a meridional zone fully 10 miles wide. It is 
well exposed in the bluffs of the Tapony, along which it reposes on the fossiliferous 
Eocene, and in the bluffs of the Mattapony and the Anna rivers, as well as over the 
intervening divide, it is the prevalent surface formation, maintaining the character
istics exhibited at Fredericksburg, save that it is frequently gravelly. In the vicin
ity of Richmond it is occasionally exposed toward the summits of the river bluffs, 
but is there less conspicuous than the subjacent Miocene, Eocene, and Potomac de
posits, while still farther southward it continues to thicken and expand. 

The distinctive orange-colored sand and clays of the formation are typically ex
posed on and near the Appomattox River from its mouth to some miles west of 
Petersburg. A mile below Petersburg they are found at tide-level in the river banks. 
In the eastern part of the city they appear overlying the fossiliferous Miocene beds 
midheight of the bluff; and at the "Crater," a mile and a half east, in the railway 
cuttings in the southwestern part, and on the upland, 2 miles west of the city, they 
occupy the highest eminences. The zone of outcrop here is at least 30 or 40 miles 
wide. As at Fredericksburg, the deposit is a regularly but obscurely stratified 
orange-colored clay or sand, sometimes interbedded with gravel or interspersed with 
pebbles. Perhaps the best exposure is at the" Crater" (a pit formed by the explo-

•Am . .Tour. Sci., 3d ser., 1888, vol. 35, p. 328. 
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sion of 8,000 pounds of powder in a mine carried by :Federal engineers beneath a. 
Confederate fort July 13, 1864). Here the principal material is a dense, t(maceous 
clay, orange, gray, pink, reddish, and mottled in color, plastic yet :firm when wet, 
and so hard and tough when dry that medallions stamped from it as souvenirs are as 
durable as rock; indeed, the well known strategic measure to which the "Crater" 
is due was rendered successful by the firmness and tenacity of the clay through 
which the entire mine was excavated save where it barely touched the subjacent fos
Ri'iferous glauconitic sands of the Miocene. At Butterfield's bridge, in thesouth
Wl'stern part of Petersburg, the railway cutting exposes some 20 feet of plastic clay 
(like that found at the "Crater"), pebbly and sandy clay, and cross-laminated 
clayey sand, all predominantly orange-colored, in alternating beds, and it is note
worthy that here, as at some other points, flakes and lines of white, plastic clay, 
similar to those of the Potomac arkose, are occasionally included in the formation. 

The formation continues to thicken and expand south of the Appomattox River, 
until it forms the surface everywhere in the vicinity of the fall line, save where it is 
cut away by erosion or concealed beneath the Columbia deposits. * * 

In the brief inland margin of the Appomattox formation, as exposed north of 
Roanoke river, is a moderately regularly stratifi~d sand or clay, with occasional in
tercalations of fine gravel, generally of pronounced orange hue and without fossils; 
it reaches a thickness of probably 50 to 100 feet and forms the predominant surface 
formation over a zone 40 or 50 miles wide on the Roanoke~ but attenuates and nar
rows northward, finally disappearing at Potomac Creek, 4 or 5 miles north of :Fred
ericksburg; and although it appears to thicken seaward it soon disappears beneath 
tide level and newer deposits. 

Stratig1·aphic relations.-At Fredericksburg the formation reposes, sometimes un
conformably and again without visible unconformity, upon the lower member of 
the Potomac, and like relations are frequently exhibited in the vicinity of Richmond 
and Petersburg; in the bluffs of the Tapony generally, and of the Pamunkey, 2 or 3 
miles north of Hanover court-house, it rests unconformably upon fossiliferous 
Eocene beds; at the "Crater" and at a number of other localities in the vicinity of 
Petersburg it rests without visible unconformity upon fossiliferous Miocene beds; 
in the western part of Petersburg it lies directly upon the Piedmont crystallines; 
2 miles northeast of Bellefield it can not be clearly demarked from the fossiliferous 
Miocene. * * 

The formation is overlain only by the alluvium of small streams, reolian sands, 
etc., on the broad plain between Petersburg and Weldon, by occasional accumula
tions of wave-washed debris derived from its own mass in the extensive Quaternary 
t erraces pre-vailing in its area, and by the characteristic clays, sands, and gravels of 
the Columbia formation in the vicinity of the larger streams. 

1'axonomy. 1-No fossils have thus farbeeufound in the Appomattox formation, ex
cept at Meridian [Mississippi], where Johnson has found it to contain well preserved 
magnolia leaves apparently identical with those of trees now growing in the same 
vicinity. Its stratigraphic position, unconformably below the Pleistocene and un
conformably above the (probably) Miocene Grand Gulf formation, indicates an age 
corresponding at least roughly with the Pliocene. 

The formation represents a considerable part of a more or less vaguely defined 
series of deposits variously called "Orange sand," "Drift" or "Quaternary," 
"Southern drift," etc., by many geologists; but since this vaguely defined series in
cluded not only the Appomattox, but also the basal gravel beds of the Pleistocene 
loess, parts at least of the Cretaceous or Jurassic Potomac (Tuscaloosa) formation, 
and other deposits of various ages, none of the old designatiDns can be retained 
without material modification in definition. It therefore seems wise to extend the 
term applied to the formation in the region in which it was first studied and clearly 
defined.l1 

1 .Am. Jour. Sci., 3d ser., 1890, vol. 40, p. 33. 
2 See discussion of the nomenclature farther on and also in the list of formations. 
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NORTH CAROLINA. 

In this state, as in Virginia, two entirely distinct cla,sses of uu...,v•uoo 

have been included in the Tertiary system, viz, the marine and the pere· 
zonal. Those of the first class include both Eocene and :Miocene beds, 
and are exposed along river bluffs, in ditches, wells, etc., for a u.~~,VWJU.\./V 

sometimes not less than 7 5 miles inland from the ocean. 

MIOCENE ROCKS. 

Chesapeake formation.-The Miocene has a much greater horizontal 
extent than the Eocene, and is thicker, reaching sometimes as much as 
20 feet or more and averaging about 5 to 8 feet in thickness. It is less 
continuous than the Eocene according to Kerr, and often exposed in 
small and disconnected patches. Yet it is probable that its continuity 

Gray sand and loam. 

20' Gravel, fine and coarse. 

2' Reddish clay. 

has really been underestimated, since 
Clark regards it as forming a toler-
abiy continuous sheet over Eocene 
and Cretaceous alike. Its distribu
tion is perhaps best ascertained by 
consulting Kerr's map, prepared to 
illustrate his report for 1875. 

10'-15' Blue clay. 
The Miocene strata, consisting 

mainly of various colored marls, are 
generally exposed on the south side 

8'-10' Green marl, few fossils. of the large rivers and on the north 

5' Marl, fossils very abundant. Slopes Of the divides or swells of land 
between the rivers. This formation Layers of deeomposed rock; 

a coarse mica slate, thickens, deepens toward the northern 
FIG. 9.-Section on Roanoke River, North border of the State, the beds being 

Carolina. 
much thicker on the Tar and Roanoke 

than on the rivers farther south. They are in fact of such thickness 
here as to conceal both the Eocene, if it exists, and the Cretaceous, 
with a few local exceptions. The shell beds are rich in fossils, which 
are often in very perfect preservation.1 . 

The principal exposures along a few of the more important rivers 'will 
now be considered, beginning with the most northerly. 

Ohowan River and its tributaries.-.At Murfreesboro, on the south side 
of the Meherrin, there are numerous small gorges, excavated by streams 
in beds of sand, at whose base a stratum of Miocene marl is distinctly 
exposed. From these, fossils shells, especially Ostrea and Pecten, have 
been washed out in great profusion.2 Other limited exposures have 
been noted farther down the same river.3 

Roanoke River.-A section given by Emmons in his report for 1852,4 

I Rep. Geol. Survey N. C., by W. C. Kerr, 1875, vol. 1, pp. 149-151. 
2J. T.Hodge: Am. Jour. Sci., 1st ser .. 1841, vol. 41, p. 333. 
3 W. C. Kerr: Rep. Geol. Survey N. C.,1875, vol. 1, frontispiece. 
tOp. cit., p. 67. 
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probably from the vicinity of Halifax, is here represented diagrammat
ically (l!'ig. 9). The marl beds are probably of Miocene age. Another 
limited exposure of beds of this age is represented near Palmyra on the 
map accompanying Kerr's report of 1875. 

Tar River.-Beginning in Nash County, 5 or 6 miles above Rocky 
Mount, we find the shelly marl at intervals as far down as Washington.1 

The marl from a locality 4 or 5 miles above Rocky Mount is more or less 
consolidated and breaks up into masses. Both the brown or red and 
blue varieties are here noted, the former of which is a little stronger in 
calcium carbonate than the latter. ''The appearance of granite and 
syenite at Rocky Mount has produced a series of falls in the Tar River; 
and sometimes the marl is found resting immediately upon those pyro
crystalline rocks." It is more or less sandy, with its upper portion filled 
with small shells, while below are large scallops and clams (Venus tri
dacnoides). Upon this rests a stratum of sand and rounded pebbles, 
which is 10 feet thick. 

Marl appears at Tarboro at many points, sometimes on the river 
banks and sometimes in the banks of creeks. Sections of the marl and 
its accompanying strata, shown in Figs.lO and 11, have been compiled 
by Prof. Emmons . 

• 

Sanll, gravel, and soil. 

Sands and clay, without fossils. 

7'-8' Marl. 

3'-4' Clay, with lignite. 

FIG. 10.-Section on Tar River, North Carolina. 

10' Yellow sand. 

4' Greenish clay. 

6' Shell marl. 

4' Shell marl, with lignite and 
pyrites. 

Sand. 
FIG. H.-Section on Tar River, North Carolina. 

The marl is intermixed with coprolites, a few bones, and water-worn pebbles, 
mostly at the bottom of the bed.2 There is the same tendency to consolidation as at 
R~cky Mount, and at other places on the Neuse and Cape Fear rivers. The same 
shells are found in it comprising large Pectens (Pecten rnadisonius), Venus tridacnoides, 
and two or three species of Pectunculus. Marl beds appear in numerous places along 
the river as far down as Washington, notably at Sparta and in the vicinity of Green
ville. In each bluff there is usually but one bed, and it varies somewhat in thick
ness, though apparently averaging from 7 to 8 feet,3 

Ne·use River.-The principal localities on this river where the Miocene 
marl is well exposed are about Goldsboro and Newbern; at the former 
place the bed is from 12 to 15 feet thick, and consists of shells imbedded 
in a green marly clay. At the latter, beds have frequently been brought 

I Emmons's Rep. Geol. Snrvey, N. C., 1&.i2, p. 51. 
2Ibid., p. 55. 
BEmmons. Geol. Surv. N.C., 1852, pp, 62-.Qi. 



70 THE NEOCENE OF NORTH AMERICA. (!1ULL.8t 

to light by accident in various favo~able spots, thus proving a fairly 
general distribution of the Miocene in this vicinity. In 1858, Emmons 1 

published the following diagram (Fig. 12) to show the relations of the 
shell marl to the white Eocene beds of the Neuse. 

FIG. 12.-Section ~n Neuse River, North Carolina. 

Oape Fear River.-The recent investigations of Prof. W. B. Clark2 

along this stream have thrown some light on the way in which the Neo
zoic beds of this state have been laid down. The Eocene, according 
tothis author, "occupies wide basins or hollows within the Cretaceous." 

Sand with pebbles. 
Brown earth. 

Sand. 

Shell marl, 3 feet. 
Sand with lignite,manyfossis. 

FIG. 13.-Section on Cape Fear River, North 
Carolina. 

Sand. 
Brown earth. 

4'-5' clay. 

Sand and pebbles. 
3' shell marl. 
Sand, lignite and fossils con-

solidated. ,--

Blue clay. 

Clay. 

Sand. 

Clay. 

Sand. 

20' Sand; yellow, brown, and 
white. 

20' Blue marl, more or less 
sandy and calcareous at the 
base. 

811 Blue clay. 

Sand. 

Sand, yellow and brown. 

Blue marl containing a single 
species of oyster and ex
tending far below the water. 

FIG. 15.-Section at Brown's Landing, Cape FIG. 14.-Section above Brown's Landing, 
Fear River, North Carolina. Cape Fear River, North Carolina. 

"Widely extended over Eocene and Cretaceous alike is an incoherent 
shell marl that may be referred to the Miocene." The rise and decline 
of the shore line, of a character and extent sufficient to produce this 
arrangement of deposits, is briefly discussed. He dwells also at some 

1 Rep. Geol. Surv., p. 87. 
2Bull. Geol. Soc • .A.m., vol. 1, 1890, p. 537-540. 
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length on the commingling of the Cretaceous and Eocene faunas near 
Wilmington, and the occurrence of Exogyra, costata in Miocene-beds, 
observed by Emmons in 1858, 1 and since confirmed and explained by 
Stanton in 1891. 

Kerr represents,2 on the geological map accompanying his report for 
1875, the Miocene formation as extending along the right :flank of this 
river valley at least 20 miles above Elizabethtown. According to Em
mons,3 "The first [marl] beds which appear upon the river are about 
10 miles above Elizabethtown in Bladen County." It here presents 
three varieties: viz, sandy, argillaceous, and cemented. Just below 
Elizabethtown, perhaps half a mile, a marl stratum from 2 to 3 feet 
thick is exposed in the bank on the south side of the river. Fish teeth, 
coprolites, bones, and rounded pebbles are frequently found at the base 
of the stratum.4 The marl with its associated strata are shown in 
Fig. 13.5 

"Below Elizabethtown, in Bladen County, the marls continue to be 
exposed at intervals. One exposure is at Walkers Bluff, 9 miles below 

Marine sand. 

Pebbly brown soil. 

Loose sand. 

Shell marl. 

Green sand. 

Elizabethtown. It is the highest upon 
the river. It presents a steep escarp
ment, which consists of different colored 
sands, with a thick layerofshellymarl."6 

One mile above Browns Landing, or 11 
miles above Black Rock, the following 
beds may be seen: 

"At Brown's Landing, 10 miles above 
Black Rock, there are numerous distinct 

FIG. 16.-Section at Black Rock, Cape Fear b d 1 t th b ] t 
River, North Carolina. e S. n arrangemen ey e Ollg 0 

two distinct dates: First, the upper, 
which is Miocene, and the lower, which is probably Eocene." 7 ·rhe beds 
here exhibited are shmvn in Fig. 15. 

Below the shell marl horizon there are at least 60 feet of sand and 
clay beds considered by Emmons 8 to be of Eocene age, though they 
may prove to belong to the Miocene. 

The shell bed itself contajns Exogyra, Belemnites, and coprolites 
which were derived from the Cretaceous formation. At Black Rock 9 

the beds shown in Fig. 16 occur. 
The bed of shell marl represented is, according to Emmons, identical 

with that at Browns Landing, and here it l'ests direotly upon the 
Greensand, while there at least 60 feet of sand and clay intervene. 

lGeol. Surv. N.C., 1858, p. 85. His locality wasBrow11s Landing, Cape Fear River. The mixtm·e is 
entirely mechanical. 

1 2W. C. Kerr: Rep. Geol. Surv. N.C., 1875, frontispiece. 
&Rep Geol. Surv. N.C., 1852, p. 44. 
'Ibid, p. 46. 
5Emmons: Rep. Geol. Surv. N.C., 1858, p. 86. 
&Emmons: Rep. Geol. Surv. N.C., 1852, p. 47. 
7 Emmons: Rep. :!_858, p. 84. 
BRep. Geol. Surv. N.C., 1858, p. 85. 
9 Ibid., pp. 81-85. 
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In the vicinity of Wilmington, 1\fr. J. T. Hodge made a collection of 
Miocene fossils, which were identified and published by T. A. Conrad 
in 1841.1 Kerr maps a limited Miocene area in this district, but makes 
no reference to it in his text. 

Lyell, in writing of the Eocene limestone, states 2 that "on the shore 
at the town of Wilmington it is 12 feet thick, covered with a shelly 
Miocene deposit 6 feet thick." 

Mr. Stanton, of the U. S. Geological Survey, also found Miocene beds 
at this place during a visit made in 1891. They contain the ordinary 
fossils of the Chesapeake group, like the Yorktown beds of Virginia. 

Natural Well, Dupl·m County--There is one more Miocene locality in 
this state that deserves special mention on account of the extensive 
collection made at that place by Mr. Hodge. This he designates 3 as 
the "Natural Well," of Duplin County, North Carolina. The sink, so 
called, is a circular basin, partly filled with water, with steep banks 
presenting the following section: 

Section at Natuml Well, Duplin County (ajtm· Hodge). 

Feet. Character of strata. 

3-4 Soil, loam. 

4 Shell marl. 

6-8 Tough blue clay. 

I 
Blue sandstone. 

I 
The marl consists entirely of shells and fragments of shells, with a 

small proportion of fine white siliceous sand, more or less discolored by 
peroxide of iron. The shells are mixed together in great profusion, are 
soft and friable, and show signs of having been massed together by 
strong currents. Conrad enumerates about 80 species from this locality. 

This locality has recently been visited by Mr. Frank Burns, of . the 
U. S. Geological Survey, who reports the "well" or sink to be situated 
in the midst of a hard-wood "hammock" covering a few acres. The 
surrounding country is low and level. The whole seems to be under
lain by the shell bed, the commoner l\iiocene fossils fairly paving the 
bottom of the small rivulets, ditches, and streams over a radius of sev
eral miles. The section at the sink shows 10 feet of reddish sandy clay 
covering the marl bed, which on the west side of the sink is about 5 
feet thick. The sink known as the " Natural Well" is one of several 

1 .Am. Jour. Sci., 1st ser ., 1841, vol. 41, p. 344. 
2Geol. Journ., 1845, vol. 1, p. 431. 
•.A.m. Jour. Sci., 1st ser., 1841, vol. 41, pp. 335-343. 



DALL AND~ 
HARRIS. 5 "NATURAL WELL" OF NORTH CAROLINA. 73 

which are grouped in this vicinity. It appeared to Mr. Burns to be 
about 200 feet in diameter, circular, and with perpendicular sides rising 
about 30 feet above the water, which is popularly supposed to be bot· 
tomless. On the west side part of the bank has caved in so that, on 
the bank thus formed, the water can be reached. On the south and 
east sides of the well the superficial loam diminishes to some 4 or 5 feet 
in thickness and the marl bed to about the same number of inches. 
Below them on all sides is a tenacious bluish clay mixed with sand, 
which at the time of Mr. Burns's visit extended under water to a depth 
of 4 feet, where it rests upon the sandstone of Hodge's section. Much 
of the marl has been removed for use as a fertilizer and good speci
mens of fossils are now rare. But better exposures of the marl can be 
found in the immediate neighborhood of Magnolia, a village about 2 
miles northeast from the well. On the farm of Mr. Strickland, 1-k miles 
northwest from Magnolia, the same bed afforded better preserved fossils 
than at the well, while on the farm of Mr. Hollingsworth, 2 miles north
east of Magnolia, the marl is cemented into a comparatively solid rock, 
hard enough to burn for lime. 

Mr. Burns obtained a very large collection from the vicinity of Mag_ 
nolia and the well, but the fauna appears to be remarkably similar to 
that of the beds at Yorktown, Virginia. 

Vertebrate remains.-Bones of six cetaceans, one Sirenian, and Masto
don obscurus Leidy, beside a large number of fishes, have been enu
merated by Prof. Cope1 from the Miocene of North Carolina. 

Submarine beds.-Among the dredgings made on the coast of the 
Carolinas in 1885 by the U. S. Fish Commission, were hauls at the fol
lowing stations: 

No. Lati- Longi- Fath- General location. tude. tude. oms. 
--------

0 0 I 

2595 35 8 75 5 63 22 miles ESE. from Cape Hatteras. 
2596 35 8 75 10 49 17 miles ESE. from Cape Hatteras. 
2615 33 45 77 25 18 27 miles ESE. from Cape Fear. 
2616 33 43 77 31 17 25 miles ESE. from Cape Fear. 
2617 33 37 77 36 14 25 miles SE. from Cape Fea;, 
2619 33 38 77 36 15 Do. 

In the gravel brought up at these stations were numerous Miocene 
fossils, mostly in a worn condition, including about twenty species of 
shells and nearly as many fishes, among which Prof. Cope recognized 
Galeocerdo egertoni Ag., Nemipristis serra Ag., and a Lamna known to 
be Miocene. The indications are that a considerable part of the sub
marine plateau extending eastward from the shores of the Carolinas is 
composed of rock of Miocene age. 

1 Rep. Geol. Surv. N. Carolina, vol. 1, 1875. Appendix B, by E. D. Cope, pp. 29-52, pls. 5-8. 
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PLIOCENE ROCKS, 

Lafayette formation.-This formation belongs to the second class of 
deposits into which the Tertiary system of this state is divided-i. e., 
the perezonal. 

In the eastern central part of North Carolina the formation1 is notably variable and 
heterogeneous over the thinly covered eastern extension of the Piedmont crystallines 
now culminating in the continental projection of Cape Hatteras (which has been 
during past ages an even more conspicuous geographi~ feature than to-day), and 
its features are evidently connected with the proximity" of the crystalline strata. 
Thus, at Wilson there is the usual partition into several regular and rather heavy 
(2 to 5 feet) strata, the usual orange hue, and the usual distribution of quartzite and 
quartz pebbles either throughout the several strata or in bands or pockets; but the 
lowermost stratum exposeu in the northern part of the town is largely composed of 
arkose, slightly rearranged and sparsely intermixed with fine quartz pebbles, and 
there is some admixture of arkose in the superior layers. Then, half a mile south of 
·wilson a 9-foot rail way cutting displays the usual heavy and moderately regular 
bedding, and the usual hues both in weathered and unweathered strata, while the 
lowest exposed bed (4 or 5 feet thick) is made up of interlaminated gray or white 
clay and orange or reddish loam, the clay being fine and plastic, the loam rather 
samly and massive within each lamina, and the laminffi sensibly horizontal and rang
ing from an eighth of an inch to half an inch thick for the clay, and quarter of an 
inch to an inch or more for the loam. Both of these exceptionaJ aspects of the for
mation are exhibited in various exposures in this region; both resemble in some 
measure characteristic aspects of the Potomac formation seen in eastern Virginia, 
and it is significant that the Potomac is not found here (probably by reason of re
moval through degradation), that crystalline rocks approach and in the immediate 
vicinity reach the surface, an<l so that the Appomattox probably rests immediately 
upon tho eastward extension of the ancient Piedmont crystallines. 

Nearer the coast the formation is frequently exposed in railway cuttings and dis
plays the features characteristic of the contemporaneous deposits north of the 
Roanoke, save that the orange tints are less pronounced and mixed with browns :md 
grays in some strata, that the bedding is thim1er and more pronounced, and that the 
pebbles are small and rare. It is significant that the aspect of the formation here 
approaches that displayed by the phosphate-bearing Pliocene beds of the South Caro
lina coast. 

The latter, it may be added, are also of a perezonal nature. 
Marine Pliocene.-While it is highly probable that marine Pliocene 

strata were deposited along the shores of this state at the same epoch 
as those known to exist farther south, y~t their presence in that part of 
the state now above the sea has never been demom;trated. A very 
considerable addition to our knowledge will be required before it can be 
definitely stated that such beds are totally absent from the Atlantic 
border of the state, where it is by no means unlikely that they may 
have been confounded with beds of the Chesapeake group, as in South 
Carolina, and for the same reason. 

SOUTH CAROLINA. 

At present the literature on the geology of South Carolina indicates 
that there are two classes of deposits or formations which, though 

1 McGee: .A.m. J" our. Sci., 3d ser ., vol. 40, pp. 19-20. Appomattox is the name useu by McGee in tllis 
article. 
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widely differing from each other in an paleontological, lithological, and 
structural features, are, nevertheless, both regarded as having been 
laid down in Neocene time. The one consists of "a series of predomi
nantly orange-colored, nonfossiliferous sands and clays, resting uncon
formably upon Miocene and older formations, and unconformably over
lain by the _Columbia formation." 1 This McGee regards as a southern 
extension of his Appomattox (=Lafayette) formation, and assigns to it 
" an age corresponding at least roughly with the Pliocene.m It will 
be described hereafter. 

NEOCENE MARLS. 

The other consists of isolated patches of marl, 3 filling depressions in 
the underlying Eocene or Cretaceous strata. 

Mineralogically this marl 4 differs from that of the Miocene beds in 
Virginia in that it contains a much greater percentage of calcium car
bonate. Paleontologically the difference is equally marked; for both 
Tuomey 5 and Heilprin 6 maintain that the proportion of recent to extinct 
species is more than double that in the Miocene of the Old Dominion. 
These facts led Tuomey, in 1846, to refer 7 the beds in question to the 
Pliocene rather than the Miocene, a view which was reasserted in 
Tuomey and Holmes'" Pliocene Fossils of South Carolina," 8 though 
Holmes,9 Ruffin,10 Lyel1,11 and Conrad 12 had previously regarded them as 
Miocene. More recently Dana 13 has seemingly followed Tuomey's inter
pretation, though he substitutes the name Sumter for that of Pliocene. 
Heilprin 14 correlates these with the North Caroliana Miocene beds, and 
styles them "Carolinian" or "Upper Atlantic Miocene." Since the 
discovery 15 of undoubted Pliocene deposits in Florida with their abun
dant and characteristic fauna it has become possible to state with cer
tainty that some of the South Carolina forms are typical Pliocene spe
cies. Dall concludes that these marly patches probably consist for the 
most part of Miocene material that has, in some places, a certain me
chanical admixture of true Pliocene forms incorporated subsequently 
to their original deposition. 

In South Carolina, as in North Carolina, paleontologists have been 

• Am. ;r our. Sci., 3d ser ., 1890, vol. 40, p.15; ibid., 1888, vol. 35, p. 328. 
2Jbid, p. 33. 
lM. Tuomey: Geol. S.C., 1848,p.171; .Agric. Surv. S.C., byE. Ruffin, 1843, pp. 27-28; Contr. Tert. Geol. 

• and Paleont. U.S., by A. Heilprin, 1884, p. 21. 
4M. Tuomey: Geol. S.C., 1848, p. 171; E. Ruffin, Agric. Surv. S.C., 1843, p. 20. 
a Geol. S. C., 1848, p. 183. 
ti Contr. Tert. Geol. and Paleont. U.S., 1884, pp. 51-53 and 60-61. 
7 Geol. of S. C., p. 171. 
sOp. cit., 1857, p. 9. 
'Notes on the Geol. of Charleston, S.C., Am. Jour. ScL 3cl ser., 184~. vol. 7, p.191. 

· 1o Agric. Surv. S. C., 1843, p. 27. 
11 Quart. Jour. Geol. Soc. Lond., 1845, vol.1, p. 413. 
12 Medial Tert. Intr., 1!<43, p. 5. 
13 Dana: Man. Geol., 1863, p. 506. 
I4Contr. Tert. Geol. and Paleont. U.S., 1884, p. 66. 
16 Trans. Wagner Free Inst. Sci. Philadelphia, 1887, 1890, vols. 1, 3. 



76 THE NEOCENE OF NORTH AMERICA. LBULL. Bi. 

confronted with a difficulty arising from the alleged coexistence in the 
same beds of fossils mollusks elsewhere characteristic of different 
formations. In the fine work on the Pliocene of South Carolina by 
Messrs. Tuomey and Holmes, both Miocene and Pliocene species are 
included, with the result that, by some authors, the whole fauna bas 
been regarded as Miocene, and by others, including the writers of the 
work in question, as Pliocene. Both conclusions rest on the assump
tion that all the species referred to have been derived from the undis
turbed matrix of a single horizon, although collected at a number of 
different localities. This assumption appears insufficiently supported 
by the facts, since no critical stratigraphic investigation of the beds in 
question has ever been made, and especially no researches directed to 
the solution of this particular series of discrepancies. It may, how
ever, be assumed that no very obvious, if any, stratigraphical differences 
exist, since otherwise it would seem as if they must have compelled 
recognition before now. The shell marl, from which the fossils in ques
tion have been derived, in part, at least, exists as patches of relatively 
small extent occupying shallow depressions in older deposits, which, as 
well as the marl and the superincumbent sands, are unconsolidated, 
loose, and liable to more or less shifting. The action of the torrential 
rains which annually visit this region, the influences at work in sub
aerial denudation, freshets, and floods, as well as the earthquakes which 
occasionally disturb the soil, offer means not at all inadequate to the 
confusion of thin, superficial, incoherent strata of similar constitution 
already in contact with one another; at least to an extent which would 
make it extremely difficult to recognize any distinction of age or strati
fication on a casual examination. There is, of course, no reason why in 
this state, as elsewhere, some specie~ originating in the Miocene should 
not persist to the Pliocene, or even to the present fauna, essentially 
unchanged, as they are known to do in Florida, for instance. If this 
were all, no question need be raised as to the synchronous existence of 
species which have been collected from these beds. But this is not the 
real question; on the contrary, it is entirely beside the point. What 
we find in the supposed fauna of Messrs. Tuomey and Holmes is an 
aggregation of species of which some have (both north and south of 
the state) a definite stratigraphical position in certain Miocene beds, 
where they have never been found associated with certain others as in 
the South Carolina deposits. These others, again, are known to be mu
tually associated in beds of Pliocene age, from which the above-men
tioned :Miocene types have never been collected. Lastly, the known 
order of development, deduced from the succession of these forms in 
regions where, as in Florida, the stratigraphical succession is unques
tioned, complete, and distinct, is violated by their alleged contempo
raneous existence in a locality so nearly adjacent. The annexed tables 
illustrate the kind of discrepancies alluded to. 
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I. South Carolina spooies exclusively belonging to the Miocene (Ec
phora zone) in Florida, North Carolina, Virginia, and Maryland. 

Scaphella tr·enholmii, Fla., N.C., Md. 
Mitra ca1'olinensis, }'la., N.C. 
Fasciolctria rhornboiclea, Fla., N.C., 

Va. 
Fasciolaria sparTowi, Fla., N.C. 

Jilulgur incUe, Fla., N.C., Va., Md. 
Eephora 4-eostata., Fla., N. C., Va., 

Md. 
Cyp·rwa ca1·olinensis, N.C. 
Area eentenna1·ia, Fla., N.C., Va., Md. 

II. South Carolina species exclusively belonging to the Pliocene or 
later in Florida: 

Mitm lineolata. 
Faseiolaria gigantea. 
Faseiola1·ia distans. 
Piscmia atwitula. 

.Asty1·is lunata . 

.Area rustiea. 
Janira hemieylica. 
Ostrea raveneliana. 

These tables are given as illustrations merely, and comprise conspic
uous and characteristic members of the particular faunoo. With a sin
gle exception they are of large size and distinctive appearance. With 
a better knowledge of the Tertiary fauna a complete list of such species 
would probably be a long one, but we have taken only those which hap
pened to be conspicuous and thoroughly investigated. Now, it seems 
to the writer 1 that the supposition that the so-called Pliocene of South 
Carolina represents a mechanical mixture of species of two horizons, 
is more in harmony with what is known and with paleontological ex
perience than the view that these species, elsewhere diversely distinct
ive, are, in this locality and for this occasion only, biosynchronous. At 
}east it would seem as if the onus probandi lies with those who would 
claim a nominally transitorial character for these beds. 

The Great Carolinian ridge.-Another fact bearing directly on this 
question is the lesser Pliocene and Pleistocene change of level in South 
Carolina. The level of the Columbian (Quaternary) perezone above the 
sea is here less elevated than it is either north or south of South Caro
lina. The off-shore deep sea soundings show that the sea bottom rises 
in an east-west general direction off that state, so that the Gulf stream 
flows up and over a hill or ridge transverse to its course. This indi
cates a relatively stationary axis or wide fold here (for which in this 
essay the term Great Carolinian ridge has been used), over which the 
lVIiocene beds are thin because it was not greatly depressed, and the fol
lowing Pliocene beds also may be supposed to have been extremely 
thin, a state of affairs, considering the incoherence of the beds, which 
would greatly have facilitated subsequent confusion of the fossils and 
mixture of the material beds. 

Stratigraphy.-These fossiliferous deposits are mainly confined to the 
northeastern part of the State. In Horry district slight exposures were 
noted by Tuomey on Little River; better ones were seen along the 

tW.H.DaU. 
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Waccamaw, for some distance from Conway borough. At Potters Land
ing and at Harpers the strata appear as follows: 

Feet. Character of strata. 

30-40 Yellow sand. 

8-12 Yellow fossiliferous marl. 

8 Cretaceous beds. 

On the right bank of the river, not far from Nixonville, the beds as 
exposed stand thus: 1 

Feet. Character of strata. 

30 Loose sand and clay. 

10 Marl . . 
2 Cretaceous. Exogyra cost at a. 

From these and other less important exposures on the Waccamaw 
Tuomey enumerates 4 7 moUuscan species, 21 of which he regards as 
recent. 

In the southeastern part of Marion County several marl beds have 
been noted in the banks of or near the various rivers by which this dis
trict is crossed. The most easterly of these 2 is exposed on the l\iarion 
road, 2 or 3 miles from Galovants Ferry on Little Peedee River. It 
is 6 feet in thickness, is laid bare for a distance of 100 yards, and 
contains Pecten eboreus, Ostrea virgi?tica, and 0. disparilis. On the 
Great Peedee three localities are worthy of special mention, viz, With
erspoons Bluff, Giles Bluff, and Godfreys Ferry. At the first of these 
marl is seen rising from the water's edge, in a bed 10 feet thick, the 
upper portion of which is more siliceous than the rest. Modiola ducctteli 
and Panoprea refle.va have here been identified. At Giles Blu:ff3 the 
marl bed is from 8 to 10 feet thick, and is underlain by Cretaceous de
posits at least 20 feet thick. The lower part of the marl is soft and of 
a light ash color, and contains fine specimens of Pecten mor·toni. Above 
the structure i~ coarser, of a ferruginous color, and made up principally 
of casts of shells, among which Oha,ma congregata predominates. The 

tM. Tuomey, Geol. S.C., 1848, p. 173. 
2 Ibid., p. 175. 
3 E. Ruffin gives the thickness of the Miocene at this place as 12 feet and th4il nnderlying Cretaceons 

bed li feet.-Agric. Surv. S. C., 184a, p. 24. 
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upper, firmer portion of the marl is again seen at Godfreys Ferry,1 which 
is its southern limit on the Peedee. 

Leaving the river and proceeding toward Darlington Court-House, 
marl occurs at wi<le intervals and is rarely exposed except in artificial 
excavations. Imm'ediately about the village localities are quite numer
ous. The marl is usually found in the beds of creeks and their branches, 
though sometimes met in digging wells. Above it are superficial incoher
ent beds of sand, clay,. and the accumulating organic matter of swamps. 
The most important exposure in this vicinity is that at '' Col. Ervin's," 
on a small stream one mile east of the court-house. The marl is here 10 
feet in thickness. The fossils are in a :fine state-ofpreservation, and, owing 
to extensive excavations that were being made at the time of Tuomey's 
visit to this locality, he was able to make an excellent collection. 
This a~sisted him materially in his conclusions in regard to the age of 
these marl deposits. In a southwesterly direction fi·om Darlington, as 
far as the Black River, in Sumter County, numerous exposures of marl 
may be seen; one of these has yielded 2 fragments of deer horns, together 
with Gna.thodon and Cyrena; from another a tusk of Jlfastodon has been 
reported.3 Below Eutaw, in St. John Berkeley, marl 4 is dug from pits 
for agricultural purposes, though there are no natural exposures. From 
these, Tuomey has obtained Ostrea disparilis, Pecten septenari1ts, Vcn-z.ts 
raey'i, and Ecphora quadricostctta. Again, at Grove,5 on the left bauk 
of Cooper River, the Miocene marl has been cut into during the construc
tion of a canal. This marl is lithologically like the Eocene, and can be dis
tinguished only by its fossil remains. Very similar to this marl bed is 
one on Goose Creek;6 the latter, however, is somewhat more ferruginous 
and harder. 

On the Edisto, 7 below Givham's Ferry, Ostrea disparilis and other 
fossils of this formation have been detected. 

In the vicinity of Oakley Inlet, Georgetown District, Ruffin 8 col
lected " Vemts rileyi, V. alveata, Oorbula inequale, Area limosa., a va
riety of Ostrea virginictna," and other::;, all in an excellent state of 
preservation. They were evidently thrown up by the waves and "must 
have formed part of a submarine bed of Miocene marl, which still 
exists and perhaps has always remained under the sea." Moreover, a 
shark's tooth "precisely similar to those of large size found. in the lVIio
cene of Virginia" was "drawn up by an anchor from the bottom of 
Charleston harbor, in water 45 feet deep, off Fort Sumter." 

1 Ruffin states that the Miocene marl has a visible thickness of over 25 feet above water the and on 
Cretaceous marl was seen beneath it.-Agric. Surv. S.C., 1843, p. 24. 

2 Geol. S. Car., M. Tuomey, 1848, p.177. 
3Jbid p.178. These remains are hardly Miocene in character. 
4 Ibid p.178. This deposit, on the other ha,nd, is characteristically Miocene. 
6lbid p.179. Lyell mistook this for Eocene: Quart. Jour. Geol. Soc., 1845, vol.1, p. 432. 
6 For the history of the discovery of this deposit, see Ruffin's .A.gric. Surv. S.C., 1843, p. 28. 
7 Geol. S.C., M. Tuomey, 1848, p. 179. 
s A~ic. Surv. S.C., 1843, p. 34. 
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PLIOCENE ROCKS. 

Lafayette formation.-This formation, a,s has already been stated, 
consists of a perezonal series of predominantly orange-colored, non
fossiliferous sands and clays, resting unconformably npon Miocene and 
older formations, and unconformably overlain by the Columbia. 

Unfortunately, little has as yet been published concerning the geo
graphical distribution, thickness, lithological features, etc., of this 
formation in South Carolina. lVIcGee says in substance that it forms a 
terrane 40 or 50 miles wide on the Roanoke, thence extends southward 
in a broad zone at first widening but afterward narrowing with the 
encroachment of the overlapping coast sands upon its area, quite across 
the Carolinas.1 Hypsographically it extends from an elevation of from 
25 feet to 650 feet above tide 2 level. South of the Roanoke 3 it is subject 
to local variations in its lithological and stratigraphical features. In 
some instances it approaches in appearance the phosphate-bearing 
Pliocene beds 4 of the South Carolina coast, into which it perhaps 
merges.5 He says: 6 

Another distinctive but hardly distinct aspect of the formation is extensively dis
played in central South Carolina, notably about Columbia. Here the usual ruod
erately•regular and rather heavy but always inconspicuous bedding of the formation 
is displayed; but the prevailing colors are richer and darker than in other parts of 
the terrane, commonly ranging from orange red to chocolate brown. Moreover, 
certain of the strata exhibit a peculiar mottling (which is better displayed farther 
southward); certain other strata exhibit a distinctive cross-stratification defined by 
gray or white plastic clay in lamin::e, irregular sheets, and lines of pellets ; the 
various strata are more uniform in composition than in the north, consisting rather 
of loam than of sand and clay in alternating beds, and the deposit as a whole takes 
on a solid, massive, and rock-like appearance, and gives origin to a distinctive 
topography. So conspicuously diverse in color, texture, and habit of erosion are 
the prevailing formations of central South Carolina that over thousands of square 
miles the surface is popularly divided into "red hills" and "sand bills "-the former 
representing the Appomattox, the latter the southern interfluvial phase of the Co
lumbia formation. 7 The distribution of pebbles in this vicinity is especially inter
esting; northeast of the Congaree River, on the line of the Richmond and Danville 
Railway, pebbles are rare to within 2 miles of the present water way; there they 
suddenly increase in abundance, and in some sections within a mile from the river 
form a considerable and sometimes the principal part of the deposit; while south of 
the river they quickly become rare, being abundant only within a mile or less of the 
river bluffs. The pebbles are predominantly of quartz, though partly of quartzite, 
and comprise a few gneissoid fragments. They range in size from two and a half 

IAm. Jour. Sci., 3d ser., 1890, vol. 40, p. 28. 
2 Ibid., p. 30. 
3 Ibid., p. 19. 
4 Lbid., p. 20. 
6 Ibid., p. 33. 
6Ibid., p. 20. 
~This expression needs modification to avoid misconception. The "red hills," as above used, means 

merely the superficial debris rearranged from the subjacent formations; the samo3 is true of the "sand 
hills." The" red hills" and "sand hills " formations of South Carolina local usage are the red Buhr· 
stone (or Claiborne Eoceue) beds of Tuomey and the white siliceous Buhrstone which lies below it. 
The material derivecl from them and used in the Lafayette and Columbia perezones is that to which 
the words of McGee relate. 
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downward. Commonly they arc accumulated in lines or pockets, sometimes 
base of the formation; but a few also occur disseminated throughout the ill 
strata. 

About the fall line on the Santee River system the Appomattox (Lafayette) loam 
iu part overlain unconformably by the Columbia formation, though it has been 
verely degraded; and in an admirable section on the Richmond and DanYilleRail

~'ay immediately east of the state house, where both upper and lower contacts are 
lisplayed, the Appomattox rests unconformably on the Potomac. Farther up river 
he Appomattox rests directly upon the Piedmont crystallines, which hero give origin 
o residuary products of dark red and brown color, and so the origin of the excep
uionally rich hues of the formation in this region are not difficult to trace. 

As our note (p. 80) shows, there is a liability to misconception in the 
language of McGee's account of the deposits included in the Lafayette 
formation. He seemingly includes in it beds of much greater age than 
that to which the Lafayette can be referred. But we understand that 
his intention was to indicate, as part of his Lafayette, only that snper-

cial portion of these older beds which has been remanie -lJy the perc
zonal forces at a later time. 

GEORGIA. 

The distribution of the Tertiary deposits of this state is still but im
perfectly understood, and the information brought together here, though 
fuller than elsewhere published, is still only roughly approximate. 

MIOCENE. 

Altamaha grit.-Descending the Ocmulgee River from Hawkinsville, 
Pulaski County, the main body of the country rock composing the bluffs 
along the river is the Orbitoides or Vicksburg limestone, often silici
fied and occasionally surmounted by a still more cherty layer, corre
sponding to the foraminiferal beds which form the culmination of the 
Eocene in Florida. These rocks rise to some 80 feet above the river, 
and at House Creek, Willcox County, are covered by a thin, sandy bell' 
containing the same siliei:fi.ecl oyster shells, and presenting much such a 
petrologic character as the Hawthorne beds of Florida. Below this 
point the bluffs recede from the river but near the middle line of Coffee 
County appear again, exhibiting at Rocky hammock the first example 
on the river of a formation to which the name of AJtamaha grit may be 
applied. The preceding notes are from observations by Mr. Frank 
Burns, of the U. S. Geological Survey, but the first reference we have 
found to this formation is by Loughridge 1 who describes it as follows: 

Included between the Savannah River and the Atlantic and Gnlf water divicle, 
there seems to have been once formed a large shallow basin, which is now :filled with 
a sanct.stone composed for the most part of coarse angular grit and clay partly 
cemented with sHica, and resembling in character the Grantl Gnlf sandstone of tho 
Gulf states. The area is marked on the map by the deep green color of the pine barron 
region, whose soil overlies tho formation. The rocks have a, slight dip to the south
east, have been traced by Ca:pt. M. T. Singleton for 60 miles along Oconee River, and 
he estimates the thickness to be 200 feet. 

1 Dr. R. H. L011ghriuge: The Cotton Product of Georgia, in Tenth Census, vol. 6, partn, pp. 15, 16. 

Bull. 84--6 
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Outcrops have been observed in' Irwin, Dodge, Ware, and other counties. 
hill, in the western part of Screven County, is of this sandstone, which has a 
of 50 feet or more. Its grains of quartz are partly clear and translucent and p 
white and opaque, and the rock is highly alumhwus. 

The southern limit of the sandstone is apparently at the edge of the second 
race, near the coast and along the Satilla River north of Okefinokee swamp, but 
formation (represented by blue clays underlying the sanely land) extends proba 
still farther southward, including in its area the country near the Florida line, 
tween Allapaha River on the west and the ridge on the eastern side of the swamp, 
part of the main Atlantic and Gulf water divide of the state. 

In order to define more closely the limits of this formation and 
mine, if possible, its age, Mr. Frank Burns, of the U. S. Geological 
vey, was requested to follow the river from Hawkinsville to the 
where it emerges from the highlands upon the flats of the Coastal 
This point is approximately marked by the Atlantic Coast Railroad, 
the last bluff of the grit is only a few rods above the bridge across 
Altamaha River at Doctor Town, the piers of the bridge resting upon 
newer formation. 1 Between Rocky hammock and Doctor Town all 
bluffs (which are mostly on the right bank of the river) are composed 
of the grit, somtimes extremely hard and flinty and at others more dis
posed to crumble, but always composed of angular grains of 
worn quartz mixed with more or less clay as a matrix and with water
worn quartz pebbles. The Altamaha grit is well exposed in these bluffs, 
which sometimes, as at Tillmans Ferry, Tatnall County, reach an ele
vation of 70 feet above the river, the beds being nearly horizontal or 
dipping slightly to the south and east. 

The soil above them is sour and sterile, the decomposed quartz grains 
allowing the finer vegetable mold or any applied fertilizer to leach away 
rapidly. The district under which they occur has the local name of the 
"wire-grass section," and from an agricultural standpoint has only its 
healthfulness to recommend it. It is but sparsely settled and has few 
attractions. 

These grits are obviously of a perezonal nature and represent, for the 
Georgian embayment, the operation through the agency of the south
eastern drainage of Georgia of the same forces and analogous circum
stances, to those which on the borders of the Mississippi embayment 
produced the Grand Gulf perezone. Though the contact with the oys
ter-bearing Hawthorne beds of House Creek was·not observed by Mr. 
Burns, there can be little doubt that the latter are overlain by the 
grit where they join, and that the grits which contain no fossils except a 
little silicified wood are consequently of Miocene age. Seaward from 
them marine Miocene beds of the Chesapeake series were doubtless laid 
dow11, since Conrad records the washing up on St. Simons Island of ll 
specimen of Ecphora.2 

1 Mr. Burns learned that in digging for the foundations of these piers a bed of marine shells was cut 
through about 20 feet uelow the surface. At Jesup, not far west on the railroad, at 20 to 23 feet, a11 
artesian well passed through a bed of oyster sbellR, below which was only yellow santl, and the wel) 
after being driven 500 feet without reaching water was abandoned. These shell beds are probably 
Pliocene or Pleistocene, but without much labor could not be reac4ed fl.t the present tlP-W• 
. ~ :froc. Acad. Nat Sci., Phila., 1852, vol. 6, p. +9~, · 
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Chattahooehee group.-Rocks of this age are known to occupy at least 
a narrow strip along the southern border of the southwestern tier of 
counties, being probably more or less continuous with the belt of Haw
thorne beds observed by Burns on the Ocmulgee River and regarded 
by him as extending over a considerable area to the southwest. A large 
silicified coral, similar to those found in the clay of the Hawthorne beds 
in Alachua County, Florida, was, according to L. C. ·Johnson (letter of 
May 11, 1885) obtained by State Geologist Little at Thomasville, Geor
gia. Very recently from Barrows and Campbell Hill, Decatur County, 
Georgia, in the vicinity of Bainbridge, Prof. R. Pumpelly has forwarded 
specimens of silicified corals belonging to the same species as those 
found iu the Hawthorne beds of Florida, together with fragments of 
rock containing fossils of the Chipola marl. 

The latter, according to Prof. Pumpelly, come "from broken-up sili
ceous beds in the great mass of clays which are the residuum of the 
shrinkage by dissolution of, I think, a great thickness of strata." "Un
derneath them is limestone" belonging to the Vicksburg group, contain
ing Orbitoides nwntelli and Pecten poulsoni, in place at Russells Spring 
on the Flint River. 

This evidence confirms the former existence of Miocene sediments, 
forming the link between Altamaha grits and the Miocene of the Chat
tahoochee River in Florida, which bordered on the north the Miocene 
strait connecting the Georgia embayment with the Gulf of Mexico. 
These sediments have here, as in many other places, disappeared under 
the solvent influence of percolating waters; leaving only the harder frag
ments, silicified fossils, and insoluble clays to indicate their presence. 
Subsequently, probably in early Pliocene time, the processes which 
formed the La Fayette perezone have Tearranged to some extent t.he 
residual materials of the older Miocene rocks without, apparently, 
tTanspoTting them from their original site. 

Jacksonboro limestone.-A. locality near the northeastern boTder Of 
the state has Tecently afforded evidences of Miocene stTata apparently 
belonging to a horizon near that of the Chipola series. Near the conflu
ence of BTier Creek and Beaver Dam Creek, which together form a trib
utary of the Savannah River, and 3 miles below Jacksonboro, Scriven 
County, Georgia, !s a stratum of limestone containing very numer
ous casts of shells and occasionally a silicified specimen, on the whole 
not unlike the Tampa limestone. This stone was formerly burned for 
lime. It was visited by Lyell, 1 who Teferred to it on several occasions 
and supposed it to be of Eocene age. This locality was recently vis
ited by Prof. W. B. Clark, who found the quarry and ruins of the kil:Q. 
spoken of by Lyell. An examination of the material collected ther~ 
showed the presence of Strombtts chipolan~.~;s; Fiss'nrellctJ like JJtfcwyland
ica; Infundibulum perarmatum Con~; Xenophora humilis ; a Cerith~ 

I See Lyell, Proc. Geol. Soc., vol. 3, pp. 735, 742; vol. 4, :P:P· 547, 96~, anq re:prints of the same va:pers 4J 
Q-qart. Joqr. Geol, Soc., 1845, yp}.l, pp. 413 and 429, 
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ium, much like C. hillsboroensis; a species of Ve'rtagus, recalling oue 
from the Oaloosahatchie Pliocene; Capulus, like one in the Tampa 
silex beds; Bulla petrosa? Pecten septenari~ts, a small Macoma like one 
from the Tampa silex beds; a Cardium and an Ampullina, resembling 
the Ohipola species, besides a number of forms which might be Eocene 
or later, but had a Miocene aspect. There were, as in the Chipola 
beds, several forms known from the Upper Eocene, such as Eburnctt sp., 
Serpula sp. The section here showed 5 feet of ferruginous sand and 
over 12 feet of compact marly rock with fossils. Until a more thorough 
examination and study of the species has been made the matter can 
not be said to be finally settled, but at present the presumption is ob
viously in favor of the early Miocene age of this deposit, from wLich 
Lonsdale has described 1 several corals collected by Lyell. The upper
most fossiliferous layer at Shell Bluff, while probably Eocene, presents 
indications of a modification of the fauna in the direction of that fol
lowing it in the Miocene epoch. Cerithium, Cardium, and Yoldia closely 
resembling Y. limatula, were found by Prof. Clark in Richmond Oouuty 
west of .Augusta, in a pit at McBean, on the land of R. W. Knight. .A 
similar silicified layer was observed by Frank Burns capping the softer 
Vicksburg along the Ockmulgee River between Hawkinsville and House 
Creek. 

PLIOCENE ROCKS. 

llfarl beds.-Two very different deposits in this state have been re
ferred to the Pliocene age. The one is described by Loughridge as 
follows: 

The Savannah region along the coast, which occupies the first terrace at an eleva
tion of from 10 to 15 feet above tide-water, is assigned to the Pliocene formation. 
Marls or shell beds of this age are found on the Savannah River near the Effingham 
and Chatham County lines. On Satilla River a white marl bed outcrops at Burnt 
Fort, the head of tidewater, which is mostly devoid of fossils. In the sand and clay 
beds of the coast region in Glynn, Chatham, and other counties have been dug up 
the remains of gigantic quadrupeds, such as the mastodon, and along its borders are 
buried stumps of cypress and other trees still standing upright. 

The Lafayette formation.-This, according to McGee, forms "the 
most conspicuous terrane of central Georgia, where it stretches from 
the fall-line to the inland margin of the coast sands all the way from 
the Savannah to the Ohattahoochee.2 It is in this state that the for
mation appears best developed. ".At many points it overlaps far upon 
the Piedmont crystallines. On the seaward side of the fall-line it is 
unquestionably overlapped in turn by the pine-clad sands of the Co
lumbia formation over many thousand square miles. It evidently 
reaches a considerable thickness, perhaps 100 feet or more." Good ex
posures may be seen at .Augusta, Green's Out, l\funnerlyn, Sun Hill, 
and especially at Macon, where it is typically developed. ".Above the 

t Quart . .Tour. Geol. Soc., 1845, vol. 1. 
' Am . .Tour. Sci., 3d ser., 1890, vol. 40, p. 28. 
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reach of modern alluvium, and above the vaguely defined and poorly 
exposed 'second bottoms' it forms the prevailing surface ;1 and in every 
street and suburban road, in every storm-carved runnel and road-side 
gulley, and in every cutting of the seven railways radiating from the 
city its materials are exposed.'7 Here it displays its usual orange-yel
low and orange-red tints, its cross-bedded structure, and its indefinite 
and irregular stratification. Here, too, near the fall-line the formation 
abounds in small pebbles, arranged in lines, accumulated in pockets or 
disseminated throughout the deposit. At :Macon, as at Columbia, tlle 
Appomattox (Lafa.yette) is intercalated between the Columbia and 
Potomac formations. It is noteworthy that although the Appomattox 
(Lafhyette) and the Potomac are here, as elsewhere, strikingly uncon
formable, they sometimes merge so completely that no line of demar
cation can be drawn with precision. Of these three formations, the 
finest southern exposures may be seen just below the falls of the Chat
tahoochee in the villages of Girard and Lively, Alabama, opposite Co
lumbus. 

Vertebrate remains.-ln the American Naturalist, 1878 (vol.12, p. 129), 
it is stated that Prof. Little, director of the geological survey of Georgia, 
has accumulated a valuable collection of the vertebrate fossils of the 
state, of Cretaceous and Tertiary age. Among these there have been 
identified the dinosaurian Hadrosaunts tripos, and the turtles, Taphras
phys strenuus and Amphiemys oxystern~tm, a new genus and species re
lated to Adomts. Mr. Loughridge, of the Survey, also discovered a very 
fine specimen of that rare propilurid, Peritresius ornatus. 

FLORIDA. 

INTRODUCTORY. 

The state of Florida presents the most complete succession of Ter
tiary and post-Tertiary fossil-hearing strata of any part of the United 
States. These have been but little disturbed by orogenic movements, 
exhibit but trifling uncomformities, and present numerous interesting 
cases of the survival of forms from one horizon to another, thus illus
trating in the most forcible manner to the biologist th~ uniformity of 
conditions under which the beds have been laid down. 

Perhaps no other region on our coast presents so many instances of 
Miocene species still existing in the deeper waters off its own shores. 
Nowhere else can the problems of descent with modification during 
Cenozoic and later time be so well studied in the fossil and recent 
faunas. 

For these reasons, since Florida offers a sort of standard, with which 
it may be convenient to compare the Cenozoic beds of other parts of the 
coast, and also because much unpublished material pertinent to the 
occasion is in the writer's2 possession, the description of Floridian geol-
-.. -~ 

IAlh ,our. Sci., 3cl scr., 1890, vol. 40, p. 22. 
For the portion of this essay relating to the state of Florida W. H. Dall is solely responsible. 
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ogy bas been more fully detailed than in the case of either of the other 
states referred to in connection with this essay. The peculiarity of cer
tain processes, such as erosion by solution and deposition by chemical 
rather than by gravitative energy, which have played such an impor
tant part in the geology of the peninsula, the simplicity of its petro
graphic character, originating almost solely from oceanic, chiefly organic 
sediments; and the total absence of certain forms of action, conspic
uous, if not overshadowing all others, in most other parts of the con
tinent; all these things render the geology of Florida especially inter
esting. 

In offering here and there a working hypothesis in explanation of 
sundry problems, the writer would explain, once for all, that these 
hypotheses are provisional, that he fully appreciates the defectiveness 
of our knowledge and anticipates the necessity, with further knowledge, 
of much revision and correction. Nevertheless, he believes that facts, 
like beads, can be better appreciated strung on the thread of even a 
working hypothesis than when merely incoherently 3ggregated. 

All the facts at present gathered tend toward the conclusion that the 
Floridian peninsula is a region where geological action has been gentle, 
slow, and very uniform; where elevations and depressions, if sudden, 
have been slight in vertical range and symmetrical over considerable 
areas; where the total elevation has probably not been very much 
greater than at present, in post-Cretaceous time; and where organic 
sediments in the main, have been the building material. The changes 
in the rocks have been almost exclusively due to chemical rather than 
mountain-building forces, and have repeated themselves in rocks of each 
successive epoch by methods which can be studied in actual operation 
at the present moment. 

TOPOGRAPHY OF THE FLORIDA PENINSULA. 

Foundation of the peninsula.-The shore lines of the peninsula of 
Florida very imperfectly indicate its fundamental topographic relations. 
To understand those it is necessary to study a chart, such as that 
accompanying this volume, or a model which exhibits the submarine 
topography of the adjacent sea bottom as well as the submrial modeling 
of the land surface. On grounds which are more fully discussed in 
another section of this essay, I am disposed to believe that the present 
peninsula rests on a much more extensive foundation of Eocene lime
stone, mostly of Vicksburg age, forming a plateau which formerly ex_ 
tended from the southeastern margin of the continent to the Cuban 
and Bahaman region and possibly to Yucatan. The deeper channels 
wllich now separate the Floridian part of this plateau from the AntiL 
lean and Yucatan areas are probably, as Agassiz has suggested, due to 
scaur exerted by the Gulf stream as its flow became restricted by the 
gradual elevation of the land, though there is some evidence in favor 
of faulting in this connection. The material, as originally deposited, 
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consisted almost wholly of siliceous and calcareous remains of marine 
invertebrates, which at the period when the scour was initiated may well 
have been in a comparatively soft or incoherent condition, as much of 
the Vicksburg limestone still remains. The attrition of the siliceous 
particles and harder calcareous fragments, contained in the uppermost 
layers and transported by the tremendous energy of the current, would 
have formed a sand blast capable of almost any amount of cutting, and 
more than equal to the task which has been performed in the Florida 
strait and its northern extension under the Gulf stream. 

Folds of the strata.-In considering the topography of Florida it has 
been customary among geologists and others to speak of the "central 
ridge," "elevated axis," and in the latest contribution to the subject1 

Prof. Shaler regards Florida as "formed of lowlands rising as a broad 
fold from the deep water on either side to a vast ridge, the top of which 
is relatively very flat, there being no indication of true mountain folding 
in any part of the area." In an extremely wide and general sense it is 
of course true that the peninsula forms a gre~t fold, but in the ordinary• 
and literal meaning of the words this description conveys an inaccurate 
idea of the structure of the region. 

ORIGIN, CHARACTER, AND DECAY OF ROCKS. 

Before endeavoring to give an idea of the topographic structure, as 
observed by the writer, it will be well to consider the material of which 
the peninsula is composed and its behavior under the conditions to 
which it has been almost invariably subjected. 

The materials hitherto observed in the peninsula of Florida, and of 
which the rocks are for practical purposes exclusively made up, are 
lime, clay, and silex, with occasionally a little oxide of iron, all materials 
which at the present moment are being copiously deposited in the bed 
of the ocean.2 In Florida, for the most part, they may be assumed to · 
have been derived from organisms or sediments transported to the spot 
by the sea. From organic agencies, operating since part of the penin
sula has been raised above the sea, have been received sulphurettccl 
hydrogen, carbon dioxide, and phosphoric acid, which, in a state of solu
tion or chemical combination with rainwater, have energetically acted 
upon the rocks. 

The Eocene lime rocks were deposited over a vast area of the sea 

•The Topography of Florida, Bull. Mus. Comp. Zool., 1890, vol.16, No.7. 
~At a depth of 600 feet, in boring the artesian wells for the Sub-Tropical Exposition at Jacksonville, 

Florida, two years ago, a thin stratum of greenish clay was struck which contains numerous ex
tremely fine particles of mica. These particles were, of course, derived from the continent to the north· 
ward, the rocks with which the clay was associated in the wells, being of the Chesapeake group or 
newer, cold water, Miocene. This clay much recalls the clay associated in many places farther north 
with the fossils of this age. The bed which contains it is the only stratum reported from the 11enin
sula part of Florida, and yet brought to the writer's notice, which might not have been derived from the 
material of which the peninsula has been built up. Pebbles of crystalline rock from the St. Augustine 
well and the small particles of volcanic rock of Antillean origin, in the marls of Southern Florida may 
be considered as exceptional exotics. Most of the latter probably reached Florida attached to drifting 
seaweed or the spongy floats of Lepas fascicularis. 
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bottom, instead of a narrow strip, as in the case of sediments directly 
derived from antecedent dry land. To the broad and even manner in 
which they were spread out and the fact that subaerial erosion has on 
the dry land of Florida proceeded rather by processes of solution than 
by comminution and transportation of the material comminuted, we 
may ascribe the feebleness of those evidences of lateral thrust and ver
tical flexure which on most coast regions are so forcibly exhibited. 
Nevertheless, flexures are not entirely absent, as was pointed out by the 
writer on another occasion, 1 even in the later deposits of the southern 
part of the peninsula, where, in the section exposed on the banks of the 
Caloosahatchie River, gentle folds with their axes generally parallel 
with the trend of the peninsula, continually succeed one another between 
Lake Okeechobee and the Gulf of Mexico. 

Effects of solution on the topography.-From Eocene times until the pres
ent day the modification of the rocks has proceeded through a series of 
constantly recurring similar changes. The silica derived from organic 
remains has been taken up by percolating waters and redeposited in the 
form of sheets, ~trings, and nodules of flint, chalcedony, or chert, or as a 
cement holding together with extreme tenacity the other minerals of the 
particular stratum concerned. The "gravels" referred toi~ the descrip
tion of peninsular Florida rocks are the waste of these siliceous prod
ucts comminuted by wave action or left loose by the solution of their 
associated carbonate of lime and rounded by attrition on each other. 
Much of the sand of Florida is derived from the same source, exclud
ing the shore sands of the eastern coast. Occasional minute particles 
may be found which seem to have bad a volcanic origin, and which are 
doubtless derived from the volcanic region of the Antilles. The decay 
of organic, largely vegetable, matter carried by rain into the inter
stices and subterranean passages of the porous lime rock produces the 
sulphuretted waters, which are found all over the peninsula. 1'bese 
sometimes find an exit on the seashore and are often so strongly charged 
as to destroy life in all organisms with which they come in contact oveF 
hundreds of square miles of coast. To these or to analogous forces 
acting on the lime rocks may be ascribed the formation (as at D11nellon 
on the Witblacoochee) of extensive beds of gypsum or sulphate of lime. 
In a similar way the action of rain water on beds of guano or the daily 
ejections of great rookerie.§_of birds in some cases, or on other decay- • 
ing animal matter in other cases, has carried phosphoric acid into the 
subjacent porous lime rock in such a way as to result in the modifica_ 
tion of numerous extensive beds of ordinary limestone or marl into 
more or less phosphatized lime rock, much of which is available for fer
tilizers. The presence of the organic material and the porosity of the 
rock beneath it have alone been in question here, as rock of all ages, from 
the Eocene up, has been subjected to similar influences in Florida with 
analogous results. 

It is probable that the beds commercially most valuable are comprised 
~----- ----------

1 Geology ofFl,Qrida: Am. Jour. Sci., 3rcl ser., 1887, vol. 34, p. 1GB. 
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within more limited geological confines, but essentially the same agencies 
have been at work up to the present moment, though with varying de
grees of energy and very different quantitative sources of supply. 

By the constant slow circulation of the fresh water derived from the 
atmosphere and contained in the porous rock, like water passing through 
a stone filter, a circulation incited by gravity and relieved by the out
flow of myriads of springs, the salt which might have been entangled 
in the original sediments appears to have been almost wholly oomoved 
from the Florida rocks. 

Most of the limestones contain more or Jess clayey matter, but oc
casional beds of clay occur of such magnitude as to suggest a different 
origin, perhaps from river sediments transported from a distance, or 
other sources which can not with our present knowledge be satisfac
torily determined. 

The general structure of the peninsula seems to indicate a succession 
of moderate longitudinal folds which are more accentuated in the 
north, and which, like those mentioned as observed on the Caloosa
hatchie, trend with the general trend of the peninsula. The evidence 
points quite strongly to the existence of two principal anticlinal folds, 
of but very moderate height, it is true, but high compared with the 
average level of the peninsula and to which its most remarkable topo
graphic features are due. The highest and oldest of these folds is also 
the most western and consists chiefly of Eocene limestone. The east
ern fold is somewhat narrower and lower and formed of Miocene rocks. 
The features of the latter are obscured by superficial sand deposits. 

The peculiar solutionary method by which erosion is chiefly carried 
6n in Florida results in unfamiliar topographic minor details. The 
broader features often recall that peculiar facies of the English 
"downs," which is due to analogous causes. The "lumpy" rounded 
character of the superficial sandhills is very confusing to the eye and 
effectively masks the long and gentle curves of the strata. Only when 
a water level, as along a stream, offers a direct means of comparison 
does one recognize the fact that these apparently horizontal rocks are 
really bent. 

Good exposures of this sort are, unhappily, rare in Florida, and but 
little of the country is visible under its carpet of semitropical vegeta
tion or even more delusive blanket of sand. For proof of the exist
ence of the greater flexures recourse must be had to another method. 
It is obvious, if the strata look horizontal wherever we are and if one 
finds by a series of levels that the supposed level surface really 
describes a series of ridges, that at least a probability is established for 
the proposition that the strata are also flexed. 

PROFILES FROM LINES OF RAILWAY LEVELS. 

From series of levelings executed for railway surveys in Florida I 
have prepared the following profiles. It may be stated in advance that 
the leveling is probably of a rough and ready character, not to be de-
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pended upon for the registration of minute <liffereuces and in some 
cases having rather uncertain connection with the level of mean tide, 
here taken as zero. Yet for con-
siderable differences of level and 
for general relations of altitudes 
to each other it may be presumed 
to be accurate enough for our pur
poses, even if the absolute altitudes 
are not determined with great ex
actitude. 

These represent, respectively: 
I. Profile from the ocean at San 

Pablo Beach east of Jacksonville 
westward 110 miles to the Suwanee 
River, reduced to the parallel of 
north latitude 30° 15'. (Fig. 17.) 

This shows the Atlantic drain
age, part of the gulf drainage, and 
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what I have termed the Central Lake basin between the two principal 
anticlines, cut nearly at right angles, not far from its northern extreme. 
The levels were furnished by the 
officers of the Florida Railway 
and Navigation Company to the 
geographer of the U. S. Geologi-
cal Survey. 

II. A similar east and west 
profile reduced to the parallel28° 
30', from the sea level at the inlet 
called Indian River west to the ~ 
Gulf at Tampa Bay, from levels of ~ 

the South Florida Railway Com- ~ , 
pany. (Fig .18.) ~ 

ct> 

This profile cuts the " central ~ 

basin" near its southern third, ~ 
and the third anticline west from ~ 

0 

it is clearly brought out. This [ 
ll> 

profile is less right-angled to the ~ 

anticline axes than the northern S 
one (I), because the peninsula ~ 
trends more easterly as we go § & 
south, but it is reduced from a J" ~ 
profile almost exactly right- ~ ~ 
angled to these axes, and the dif- ~ ~ 

ference on the scale used is un- ~ ~ 
important. Southward from this ! ~ 
region the general surface of the g. ~· 
peninsula becomes lower and the ~ · 
elevation of the anticlines less [ 
and less marked. ~ 

III. A northeast and south- ~ 
west profile from Fernandina on t 
the Atlantic coast to the Gulf ~ 

gJ near Cedar Keys, 110 miles, from 
the Savannah, Florida and West- § 
ern Railway leveling. (Fig. 19.) c 

This profile shows the A t.lantic g 
and Gulf slopes, the Central ~ 
basin, and the third anticline 
near Archer, cutting the region 
traversed at an angle of 45° with 
the two previous lines. 

IV. A north-south profile re
duced by rectangular coordinates 
to the meridian of 82° west Green-

cher.1.37. 

Ga:inesr01.e.18.5, 
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wich, from Callahan near the northern boundary of the State 180 miles 
south to Plant City, on the southern division of the Florida Railway 

Plant CifyJ2.5 

· lsboro R;iv~ 

~ 
0 s 

saver.5pring. }[}, 

Anthon_y. 77, 

and Navigation Company's road. 
(Fig. 20.) 

This profile cuts the region at 
an angle of 90° with sections I awl 
n, but is somewhat oblique to the 
geologic axis. It leaves Callahan 
on the Atlantic slope, crosses the 
eastern anticline obliquely fi'om 
Highland to Hawthorne, thence 
traverses the Central basin for 80 
miles, rising on to the western 
anticline at Dade City. Between 
Dade City and Plant City, which 
last place is supposed to be on the 
second western anticline, there is 
an apparent dip into a shallow 
synclinal trough, but the data for 
this part of the road represent 
only the height at stations, aud 
not the continuous profile, and its 
features can not be given with pre
CISIOn. Brookville, which is ap
parently on the third anticline, is 
indicated, but is outside the pro
file. 

It will be admitted that these 
profiles unitedly testify to the ex
istence of a ridge or height of land 
between the St. John's drainage 
area and that of the central lakes, 
and of another between the cen
tral area and the Gulf drainage, 
while there are indications of a 
third ridge, near to and parallel 
with the last, which for a certain 
distance shortens up the Gulf 
drainage streams, confining them 
to a narrow belt, though cut itself 
by the few larger rivers. .An in
spection of a properly constructed 
map, showing the railroads, will 
show how little modification has 
been needed in coordinating the 
railway lin.es with the straight 
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lines of the sections. The sections cut the region in three different and 
opposecl <-Erections, yet all the profiles tell the same story. I shall 
therefore consider myself justified in assuming that the peninsula does 
exhibit a folded structure, and that there are two chief lines of eleva
tion, and probably others, besides the minor flexures which have been 
observed farther south. The distribution of the lakes and rivers of the 
peninsula confirms this view, if confirmation is needed. 

CENTRAL LAim REGION. 

It would perhaps be more strictly accurate to denominate the great 
syncline of the peninsula as a central trough rather than a central lake 
basin. The elevation which separates the central lake region from its 
natural continuation, the Kissimmee drainage area, Lake Okeechobee, 
and the Everglades, is probably not very great. Nevertheless, there 
are geologimtl reasons for supposing that the northern area now dotted 
with innumerable lakes, marshes and sinks was at one time occupied by 
one or more large bodies of water, of which the existing lakes are mere 
remnant~. 

Lalce DeSoto: sand lcnolls.-This lake or lakes. which for convenience 
of reference may be called Lake De Soto, would then llave occupied a 
relation to the existing land much like that which Lake Okeechobee 
holds to the southern part of the peninsula at present. The peculiar 
sculpture of the small sandy knolls or elevations occupying much of 
the central region, and which Shaler has compared to kames, might 
have been more or less due to the movement of the waters conseq nent 
on changes which finally resulted in the drainage of the area in question. 

These knolls or hillocks appear to be more characteristic of the central 
basin. On the highlands they are absent or merged into the irregulari
ties which appear on the surface of the country rock as the result of 
solution and decay. They are chiefly composed of the yellow sand, and 
as a rule the irreguhtrities of their profiles do not reflect any elevations 
or depressi011S of the rocks below them. The sand hills, however ele
vated or irregular, rest on a relatively level surface of limestone, a fa~t 
confirmed by the experience of well-drivers all over southern Florida, as 
well as by the reports of tile prospectors who bore for phosphates. 
More investigation is necessary before the idea that the form of these 
knolls js due to the action of currents of water can be regarded as 
established. 

Over a large part of northern Florida a striking characteristic of 
the country arises from the singularly porous and incoherent character 
of the limestones (especially of the Vicksburg and early Miocene age) 
which form the country rock. When this rock is Eocene it is usually of 
a creamy white color, containing molluscan fossils, sometimes as com
plete shells, but m(;re fi'equently as impressions in the saccharoidal car
bonate of lime. :Mingled with them, and sometimes forming almost the 
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whole body of tlre rock, are enormous numbers of Orbitoides rnantelli, 
heaped loosely upon each other. 

If the rock is post-Eocene it is generally of less purity, containing 
more aluminous matter, but still whitish and porous, though without the 
discoid Orbitoides fossils. In either case it is easily cut when fresh, 
hardens when exposed to the air, and is pervious to water. In regions 
where it comes to the surface there are no small brooks and few streams. 
Rain sinks into it as into dry sand; the solution of the softer portions 
results in "sinks" or natural wells, sometimes of large size and often 
with perpendicular walls. These constitute a real danger to a wan
derer who goes aside from the beaten tracks, as their apertures, from 
the size of a post hole to that of an amphitheater, are unmarked by any
thing 'iYhich would serve as a warning; they are often of great depth 
and almost always contain water. The water sinks until it comes to a 
more dense stratum or the sediment it carries clogs the pores of the 
limestone beneath it. Then it flows in the direction of least resistance, 
forming underground brooks or tolerable streams whose course may be 
marked by a loug line of sinks. If sawdust be thrown into one of these 
it presently appears on the water in the next below, and so on. The 
sinks above the stream gradually enlarge in the direction of its flow) 
the intervening portions remaining as "natural bridges," the number 
of which is extraordinary. In other places the drainage of a limited 
area runs toward a central point, where it is lost in the bowels of the 
earth. When the rainfall at some seasons of the year exceeds the ca
pacity of this passage to carry away, a shallow lake appears, of a tem
porary nature, which is gradually drained off at drier seasons. Some
times the funnel becomes permanently obstructed, and the lake remains 
and spreads until some new outlet appears. I have seen lands for
merly used for growing cotton, and covering hundreds of acres, which had 
become permanently flooded in this way.l Fish abound in the sinks, 
and subterranean passages for their use evidently exist in profusion. 

1 In illustration of these remarks the following quotations about one of the largest of the temporary 
lakes have au interest. The first is from the Providence .Journal, September 14,1891. 

"A LOST LAKE. 

"A curious spectacle was to be seen on the outskirts of Gainesville, Florida, recently. Alachua 
Lake, from 10 to 15 miles in length and covering some 40,000 acres of land, is no more. On its banks 
were lying thousands of dead fish, dead alligators flo~tted ghastly in pools of black water, and the 
atmosphere was heavy with noxious gases. Men and boys were there in throngs with hoes and rakes, 
dragging to shore hundreds of :fish which had sought the pools for refuge. The waters were fairly 
aliYe. with their struggles for existence. Except for a small stream known as Payne's Creek, flowing 
from Newman's Lake into the Sink, the two main basins of the Sink, and a few stagnant pools, no water 
is now to be seen where a few years ago steamers were plowing their way. This is the second time 
since 1823 that a similar occurrence has taken place. At that time the bed of the lake was a large 
prairie- Payne's prairie-having in it a body of water calle<l the Sink and a small creek. In 1868 
heavy rains filled up the prairie, but the water disappeared aJter a short time and the prairie was 
again dry land. In 1873, after a series of heavy raius, the Sink overflowed and the creek swelled to 
the dimensions of a lake. During several years the waters increased till a larger lake was formed, ant 
fpr full,v fifteen ,veap; f!utlicient dept4 of water stood over the prairie ~o allow of small steamers. Du:r· 
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vVhen the porous lime rocks are covered with the clayey layers of the 
later Tertiary or the more coherent and impervious limestones of the 
early Miocene, or when the process of silicification has been carried on 
to such an extent as to render the upper layers of the porou·s lime rock 
impervious, a wholly different surface topography results. Instead of 
circular marshes and rows of" sinks" in which all the surface water is 
lost, one sees brooks and rivulets with their accompanying effects upon 
the landscape. It also seemed to the writer that the difference was to 
some extent reflected in the appearance of the vegetation. 

NORTHWESTERN FLORIDA • 

.At the northern part of the peninsula the topography merges into 
that of the foothills of western Georgia and .Alabama, or borders on the 
great cypress swamps of eastern Georgia . 

.At the west, in the vicinity of the .Appalachicola River, Mr. Burns, of 
the U. S. Geological Survey, reports finding the Miocene hills, at a point 
8~ miles below Bristol, terminating in a sharp cliff or bluff over 60 feet 
high, from the foot of which a flat plain extended seaward without in
terruption. .An examination of the river banks to a locality known as 
Riccos bluff showed unfossiliferous horizontal beds of bright-colored 
sandy clays, everywhere covered with a thin layer of white sand. This 
break in the topography is a marked feature of this part of the State and 
is said to extend for many miles, preserving a general parallelism with 
the shores of the Gulf, and doubtless marking an ancient shore-line. 

SOUTHWESTERN FLORIDA. 

The shores of the Gulf of Mexico in the state of Florida north of 
Punta Rasa are chiefly sandy, or, near the rivers, sometimes formed of 
a chalky mud. But as far as known this stratum is usually of no great 
depth, being chiefly a superficial covering to beds of the country rock~ 

ing the last two years, however, the waters have been gradually lowering, and about four weeks ago 
they commenced going down with surprising rapidity, the lake falling about 8 feet in ten days, until 
now nothing is left of Alachua Lake but the memory of it. The Sink is considered the cause of this 
change. There is evidently an underground passage connected, and for some reason not understood 
this underground passage has been acting as a drain until all the water in the lake has been drawn off." 

The second is taken from the Washington Evening Star of September 19, 1891: 
"The Star recently printed an account of the -disappearance of Alachua Lake in ]'lorida, a lake that 

was so well established that a steamboat line was maint.ained on it. A U. S. Geological Survey party 
has been engaged at work in that region. A member of this party, Mr. Hersey Munroe, who is now 
in the city, gave an interesting account of the lake, or rather the ex-lake, to a Star reporter. 'Alachua 
Lake,' said Mr. Munroe, 'is situated in north latitude 29° 35' and west longitude 82° 20' in Alachua 
County, :Fla., and 2 miles south of Gainesville, the county seat. The lake was formerly a prairie, 
known as Alachua prairie before the Seminole war during 1835-'37. It has since been named Paynes 
prairie, after King Payne, an old Seminole chief of an early day. Tho prairie was a great grazing spot 
for the Indians' cattle and later was used for a .like purpose and for tillage by the whites, some fine 
crops of com al](l cotton being grown. The prairie lands are immense meadows, covered by the finest 
grass, interspersed with clumps of beautiful oak trees and palmettoes. These lands are subject to il).
undation during the summer season. Hatchet Creek rises 3 miles north of Gainesville and flows ip 
every direction of the compass for a distanc!'l of !0 m,ilcs, empt~ing into ~ewntans :}:.ake, a peaut~fl:Jl 
j~heet of Wllter 9ove~·ing 10 S«fuare mHe~1 - -

L_ 
I 
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Tile latter extend seaward, sometimes forming extensive oystor banks 
near the shore through which navigation can be carried on only in 
small boa;ts and by troublesome and intricate channels, when . away 
from the main navigable outlet of each particular stream. 

The sands are derived from the siliceous contents of the country rock 
and are frequently more or less bound together by the deposition of 
lime held in solution, forming a sort of coquina. Much of the shore, 
especially to the south and the extreme west, is defended by sandy keys 
formed at the neutral line of tide and land drainage, and offering much
needed facilities for coast navigation in small craft suited to these shal
low waters. The sea-bottom, level as a floor to all appearances, inclines 
gently to the west and south, and for miles from the beach attains only 
a very moderate depth. 

It might have been anticipated that the detritus, especially the fine 
sediment brought down by the Missis.sippi, would be conspicuous in 
the bottom deposits of the gulf in the direction of the prevailing cur
rents. The soundings and samples of bottom obtained by the U. S. 
Coast Survey and the Fish Commissio11 show that this is not the ease. 
The terrigenous sediments (except attheimme<liate shore) extend east
ward but a little way off the Floridian coast. The line indicating the 
change in the bottom from mud to organic limy sediments approaches 
the shore to the westward of Appalachicola, in the vicinity of St. An
drews Bay.2 That this limitation of the fresh-water deposits is not a 
modern thing is shown by the almost identical range of the Grand Gulf 
beds of Hilgard on the ancient shores of the Gulf of Mexico. A reason 
for it may perhaps be found in the tendency, so well known, of a saline 
solution to precipitate the sediment contained in fresh water when the 
two liquids are mixed. The mixture of the two fluids in the gulf may 

' HOW THE L.A.KE W .A.S FORMED. 

'The overflow from Newmans Lake forms a large creek named Prairie Creek, which wended its way 
through Paynes prairie to Alachua Sink, one of the curiosities of the State. There the waters found 
their way into a subterranean passage. Visitors, to have their curiosity gratified by seeing wltat 
the effect would be to h:we logs thrown into the sink, were the probable cause of the overflow of 
Paynes prairie. The logs would float out to the center of the sink, whirl around in a circle and sud
denly disappear. This choking of the outlet to the waters of Prairie Creek oausecl the overflow and 
made a sheet of water sufficient to float small steamers and other craft. 

'One steamer in particular had a splendid freight traffic, during the vegetable season carrying ship
ments of vegetables from its wharf on Chacala pond across Alcahua Lake to the mouth of Sweetwater 
branch, the nearest point to Gainesville, the principal place for shipment north. After the oYerflow 
and the forming of a lake it was christened Alachua Lake. This name has been decided upon by tho 
United States Board on Geographic Names. Alachua Lake is 8 miles long, east and west, and in one 
place 4 miles in width, north and south, covers 16,000 acres, and the average depth is from 2 to 14 feet 
deep. 

'LOWERING FOR SEVERAL YEARS. 

'For several years the lake bas been gradually lowering. The elevation of the water above sea 
level as giYen by the Savannah, Florida and Western Railroad some years ago is 64 feet. By accmate 
levels run by one of tlte topographical parties of the Geological Survey working in this section dur. 
ing the winter of 1890-'91 the elevation of the water was found to be 58 feet, thus showing that the 
lake had been changing elevation; and about two weeks ago I was informed that .Alachua Lake had 
disappeared entirely, that only small pools remained and the usual amount inrmediately arollnd t4tl 
sink.'" 

2 Three cruises of the Blake, vol. 1. p. 286, Jfig. 191. 
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then be supposed to be complete at any point where all the mud has 
been precipitated. 

EASTERN COAST OF FLORIDA, 

On the eastern coast of Florida toward the north we find a narrow 
margin composed ot the coast sands, between the abrupt margin of the 
country rocks and the sea, and extending under the sea eastward for a 
distance from the shore in north latitude 30° of more than 50 miles 
The source of these sands is thus explained by Shaler: 1 

During the glacial period a very large amount of arenaceous material was con
tributed to the sea in the region north of Cape Hatteras. The general trend of the 
shore of this part of the continent is from the northeast to the southwest, while the 
prevailing direction of the wind is from the east. The result is that, so far as im
pelled by the waves, this sand works down along the coast shelf to the southward. 
Whenever it comes upon the beach and remains within control of the waves the 
southward movement is quite rapid. A very large amount of this sand is continu
ally pouring round Cape Florida. 

Undoubtedly this view of Prof. Shaler is quite correct, except that 
the operation of the forces mentioned is not necessarily postglacial. 
No doubt at various times more or less of the sand has been derived 
from the siliceous rocks, like the .A.ltamaha grits or the buhrstone, of 
the Atlantic slope, all the way along its border. Artesian borings show 
that the formation of the sand, its position along the coast, and its gen
eral character have been pretty uniformly maintained throughout the 
whole of Cenozoic time; and while, no doubt, a large addition was made 
to the common stock of Atlantic sands during the glacial epoch, yet 
this was merely an incident in the history of operations which had been 
going on ever since the Cretaceous period, or at least ever since the 
Atlantic border assumed approximately its present form and trend. 

On the northern part of the east coast of Florida the dry sandy bor
der is quite narrow and largely consists of narrow, long islands where 
the sand has been elevated into dunes which reach a height in some 
cases of more than 50 feet, but which, owing to the torrential summer 
rains and rapid growth of vegetation in this semitropical clime, have 
generally lost the sharp wind-carved sculpture of dunes formed in a 
drier climate and have become more or less covered with vegetation. 
Inland the surface sands, whatever their origin, are usually much thin
ner, often only a few feet, and I have seen records of no boring which 
revealed the existence of over 20 feet of sea or white sand, while this I 
suspect to be very exceptional. References have been made to much 
greater depths away from the coast, but I have not seen any satisfac
tory proof of the correctness of such estimates. The average depth in 
san<ly places in Alachua County seems to be between 6 and 20 feet. 
These figures refer solely to the superficial siliceous sea sands and not 
to the yellow sancl proper or to the interbedded calcareous sands of 
Tertiary age. 

Bull. 84-7 
J Shawr, Topography of Florida, p. 149. 
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PEREZONAL FORMATIONS. 

There seems to be an absence, in geological nomenclature, of a term 
to indicate the region between the neutral zone where sediments are 
dropped in the sea near the beach and the point where subaerial erosion 
terminates. If we regard the land above the base level of erosion in the 
light of an earth-glacier, more or less liquefied by the action of water 
and discharging into the sea, the region I refer to constitutes the termi
nal moraine. 

The" coastal plain," or coast peneplain, in so far as it has reached 
the base level, forms part of it; the beaches another part; the region 
between the beach and the neutral zone (generally marked by a bar or 
shoal) a third part. Yet the whole has a certain unity. It is subject 
to the operation of special forces which are forever at work. In the ab
sence of great changes of level it might happen that the same region or 
area might remain, so to speak, ground as between upper and nether 
millstones by the erosive and marine forces for a period covering sev
eral geologic epochs. Such instances can be cited. The grist of this 
great mill is ground over and over, its waste is constantly supplied; it 
may contain the relics of several periods of geologic time. The greater 
portion of it will be unfossiliferous, the fossils preserved will be terres
trial or brackish water rather than marine. It will border on the sea, 
but its marine fossils where action is energetic will be rolled, worn, and 
triturated, out of recognition for the most part. Here and there a lim
ited fauna will be preserved in lagoons or on oyster banks. It will hap
pen that the material concerned in such areas may abut on synchronous 
beds containing an abundant fauna, but, owing to the lines on which 
the forces work, the synchrony will often be very difficult to prove. 

Yet such deposits may extend about a whole continent with recog
nizable features derived from the forces which have been concerned in 
its formation. Almost everywhere it will be composed of the debris of 
other formations often lying directly upon them and containing some 
of their fossils in the rehandled material. When a special area has 
been subject for a short time to the forces exerted and by a change. of 
level has been removed from the zone referred to, a mixture of the fossil 
fauna of subjacent beds will be almost certain to be included in the 
resulting formation. I believe that we have on our Atlantic border 
several formations widely extended and of this nature and the relations 
of which, owing to the reasons above indicated, are and are likely long 
to be in dispute. For the specific belt or margin, in which the above
mentioned forces are active, and in whose characteristics the results of 
such forces are individualized I would propose the name of perozone.1 

I believe that the clearer recognition of special dynamic genesis as well 
as of thecontinuityinherent in the process, apart from important changes 
of level, which is implied in the adoption of a special term for the result 

1,From_peresus, w.orn or wasted, ap.d_zonp,. 
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will be useful in our geological discussions. The thing itself has always 
been known, and its genesis more or less clearly understood, but its 
individuality at any stated epoch has, in the absence of a special name, 
not always been clearly exhibited or appreciated. The perezone will 
be for the seacoast analogous to, though not identical with, the peneplain 
of interior basins. The perezone of east Florida, so far as it is above 
water, is very narrow and becomes still narrower as we go southward. 
We are indebted to Prof. Shaler 1 for information which shows that a 
living coral reef borders the shore of the peninsula as far north as 
Gilbert's bar, 12 miles above Jupiter Inlet; that a former reef probably 
extended as far north as Mosquito Inlet, above Cape Canaveral, and 
that from Titusville on Indian River south to the head of Biscayne 
Bay an elevated beach of coquina defends the lowlands behind it. 
This beach is elevated some 20 feet above its original position. It pre
sents a steep escarpment with indications that part of the cutting which 
formed it took place during the process of elevation, sea caves and 
other reentrants existing in the cliffs at a considerable height above 
the present plane of the sea aud separated from the latter by a barrier 
of drifting sands. Southward from the hRad of Biscayne Bay as far as 
the parallel of Old Rhodes Key this reef of coquina is continued as an 
elevated coral reef with a height at Cocoanut Grove of 22 feet and a 
width of about 2 miles. To the whole ba~rier Prof. Shaler gives the 
name of the Miami Reef. It has suffered considerable loss by corrosive 
action and is honeycombed by subterranean water passages. He says: 

The effect of this reef on the drainage of Florida is very great. Although the rivers 
at many points have found their way across the elevation, either by subterranean 
streams or through the low points of the barrier, it serves to r etain the land waters, 
and to bring into the condition of ~:;wamp a large part of the peninsula. The St. Johns 
River and the extensive swamps in which it heads areingoodpart determined by 
the existence of this barrier. 

In a less complete way the waters of Lake Okeechobee and of the Everglades to 
the south of it are prevented from finding a path to the sea by this natural wall. 
Thus, at Cocoanut Grove, Biscayne Bay, the waters of the Everglades at a distance 
of only 3 miles from the shore in their time of lowest level lie 16 feet above high 
tide. In the rainy season they often rise to such an altitude that tbey pour over the 
reef where it is less than 20 feet in height. "' * * The rivers which flow over this 
part of the reef come down to the sea level over a series of rapids formed upon the 
harder la;yers of the reef, and thus the full escape of the Everglade's waters is pre
vented. In the region more to the north, the entanglement of the vegetation about 
the head waters of the streams likewi~e hinders the escape of the marsh waters.2 

THE EVERGLADES. 

The region of the Everglades has received but little examination in 
recent years. Prof. Shaler examined the southeastern margin as ab.ove 
cited. Mr. Joseph Willcox in the winter of 1887 -'88 made a determined 
effort to penetrate into the region with a view of determining the char-

1 Topography of Florida, pp. 148-150 and map • 
.2Ibid., pp. 143-144. 
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acter of the rocks. Whitewater Bay lies a few miles north of Cape 
Sable, and Mr. Willcox with his party, on a small craft drawing less 
than 2 feet of water, made many attempts to enter it without suc
cess, spending six days in the endeavor to find a navigable channel. 
They entered several passes between the islands and penetrated 10 or 
12 miles east of the latter in several places, but found the water too 
shallow to proceed. Except sand bars thrown up by the waves no land 
was seen in this vicinity which was not covered at high tide. All the 
land consisted of muddy mangrove islands, the trees being much larger 
than any seen farther north. Where the tide runs rapidly betweeu the 
islands it scours out channels 8 to 12 feet deep with a floor of hard 
rock, of which it was found impossible to get specimens. Except in 
these channels the bay is quite shoal, and covered with calcareous mud. 

At the north end of Lostmans Key they entered the river of the 
same name and succeeded in penetrating 12 or 15 miles inland. No 
hard ground was seen except near the mouth of the river, and 
the highest land at the latter place was not over 3 feet above high 
tide. Wide, shallow bays, with muddy bottom interspersed with low, 
muddy mangrove islets comprised the whole scenery. The boat fre
quently grounded and was obliged to wait for the rise of the tide. .A 
small fresh~water stream was finally reached, the current of which 
had scoured a channel 4 to 6 feet deep, with a rough, hard. rock 
bottom, fragments or which were broken off. It consisted of large 
masses of Polyzoa more or less completely changed into crystalline 
limestone, the cavities filled with crystals of calc-spar. The rock is 
very hard and compact. The only mollusk or other organic matter, 
except the Polyzoans, which was discoverable in it was a single valve 
of the Chione cancellata, which is still found living in those waters and 
has existed there without perceptible variation since the early Miocene. 
Four or five miles within the margin of the Everglades no dry land 
was seen; only soft, wet soil, none of it a foot above the level of the 
water. From the top of a tree nothing could be seen to the east but a 
vast extent of such marsh land, which is said to be covered with water 
during the rainy season of summer and early autumn. Lostmans 
River is sometimes mapped as the Chittahatchee, and it enters the sea 
behind the Ten Thousand Islands in north latitude about 25° 30'. 

Allens Creek, emptying into Wal-aka Inlet, an arm of Chukoliska 
Bay, was also visited. At a point 8 or 10 miles east from the Gulf of 
Mexico the party were able to land on soft, wet soil a little higher and 
drier than that at the head of Lostmans River. A third of a mile 
eastward from the head of the creek specimens were obtained of a few 
rocks which project above the soil. They presented molds of recent 
she1ls with the interior filled with calc-spar, and an occasional Pecten 
d·islocatus or Ostrea virginica still retaining its shell structure. The 
cavities between the shells were filled with hard, coarsely crystalline 
limestone. The rock was not coquina modified, but looked more like a 
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fossilized oyster reef. It contained no corals, and was obviously Pleis
tocene. The rock formed the base of small islets of drier soil amid the 
marsh, on which islets grew pine trees. The marsh, apart from these 
islets, is probably entirely submerged in the rainy season. 

Another attempt was made to reach the interior by Corkscrew Creek, 
about 15 miles southeast from Punta Rasa. About 8 to 10 miles from 
the gulf was attained. The banks of this creek are dry pine land, ris
ing 8 or 10 feet above the sea. The rocks here are the hard, ringing 
Eolian limestone, with recent land shells, perhaps a local equivalent of 
the yellow sand, such rocks as are found on both sides of the penin
sula in many places and are of extremely recent origin. 

The observations of Mr. Willcox thus appear to indicate, which in
deed the known circumstances would have led us to expect, that no 
coral reefs have occupied this region. The outpouring of fresh water 
and mud must have rendered the region unsuitable for such animals, 
probably for a very long period, perhaps since the Gulf stream has 
occupied its present channel. 

The deposit upon which the Everglades immediately rest, in this part 
at all events, is a recent organic limestone probably based on the Ter
tiary rocks which, farther north, are elevated above th~ sea. For it we 
may provisionally adopt the name of the Everglades limestone. 

THE KEYS. 

Of the structure of the keys, which has been exhaustively treated 
by Agassiz, it does not seem necessary to speak in this place. It may, 
however, be pointed out that much of the limy deposit of the area 
behind the reefs and defended by them is probably the result of the 
deposition of lime originally held in solution and precipitated by chemi
cal action rather than of mechanically transported sediment. 

It may be added that the large · rivers represented on most maps as 
flowing out of the Everglades to the southwest have no existence in 
fact, as such. The streams in the dry season are all small, and most ot 
the outflow seems to be over the whole surface, which, during the rainy 
season, near the sea is totally submerged. 

STRATIGRAPHY OF FLORIDA. 

EOCENE ROCKS. 

Vicksburg group: The Orbitoides limestone.-It has already been ex
plained that the foundation of the peninsula, as far as known, is laid in 
a limestone belonging to the Vicksburg epoch, which, for uniformity 
and brevity, will be referred to here as the Orbitoides limestone, from 
the characteristic Orbitoides mantelli, which is found throughout the 
formation, associated with a variety of other foraminifera, Pecten per
planus :Morton and P. poulsoni, as the most obvious and abundant fos
sils. The older name, Orbitolite limestone, by changes in nomencla
ture of the foraminifera has now become misleading. 
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Over a large part of the northern central portion of Florida the 
bitoides limestone forms the country rock, often rising to the surface 
lightly covered with a thin coating of wind-blown sand or sandy soil. 
Its exact extent is not determinable at present, owing to the fact that 
it has been more or less confounded with later rocks of similar appear
ance and lithologic character but containing a different f~tuna. It varies 
in character, much of it as previously described, being loose and friable 
in texture when first excavated, porous and pervious to water. Other 
portions are much infiltrated with silex, which is deposited in smaller or 
larger masses or which is calculated to render a considerable portion of 
the rock cherty and extremely hard; others again contain a certain pro
portion of clay, as the Lake vVorth borings show, the rock then being com
pact and impervious. As early as 1849 this rock was observed by Prof. 
J. W. Bailey, U. S. Army, who noted its character in several publica
tions.1 He found it in diggings from a well at Piles, a settlement 40 
miles west of Palatka, on the road to Tampa, and noticed it at several 
points intervening between Palatka and Tampa. It has been noted by 
Prof. Eugene A. Smith 2 in Jackson County, in the northwest; also farther 
ea~t, under a thin coating of Miocene deposits, at Live Oak (109 feet above 
tide), and possibly at Lake City (202 feet) the highest elevation on this 
line in northern Florida, whence it is believed to extend southward in 
the interior of the State to a point near the Hillsboro river not far from 
Richland, Pasco County. 

The opinion of the older geologists that the country rock of the 
peninsula of Florida is essentially a southward prolongation of the 
Eocene limestone of Georgia was for a time obscured by the theories 
of coralligenous growth suggested by the observations of Agassiz and 
Le Conte on the keys and the extreme southeastern margin of the 
peninsula. To Smith in the paper above cited we are indebted for a 
substantial rehabilitation of the older theory, with modifications due 
to greater knowledge. But later observations again oblige us to modify 
to some extent the range assigned by Smith to this limestone, as it has 
become evident from the observations of Langdon, Heilprin, vVillcox, 
Dall, Aldrich, Neal, Stanton, and others that beds of several distillct 
ages have been confounded in the general estimate. It is impracticable 
with the data yet printed to determine exactly at how many of Smith's 
localities the country rock belongs to the Orbitoides horizon. Some of 
them, doubtless, will eventually be shown to be of later age, as will be 
indicated later in this summary. Only those where no doubt seems to 
exist will be specified here. In Alachua County it is widespread, hav
ing been observed by Smith and Dall at Gainesville and westward to 
and about Archer, though in many places overlain by solutionary resi
duum, remnants or even beds of later age but moderate thickness. It 
- ---- -------------------------------

I Smithsonian Contr. Knowl., 1850, vol. 2, No.8, p. 19; Am. Jour. Sci., 2d ser., 1851, vol. 2, p. 86. He 
spea](s of it as the "white Orbitulite limestone." 

2 .A.m. Jonr. Sci., 3d scr., 1881, vol. 21, pp. 299, 300. 
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had been identified at Silver Spring, 6 miles east from Ocala, by Le 
Conte, as early as 1861/ and subsequently the observation has been 
confirmed by Smith. Specimens of this rock have been collected by 
Willcox at Martin station, Marion County, about 8 miles north of Ocala, 
where the rock is very cherty; and at J arves's Spring, on the southern 
border of Pasco County; at Fort Foster, on the North fork of the Hills~ 
boro River, where, as in many other places, relics of the old l\iiocene 
beds overlie it. Several of the localities referred to by Heilprin must 
remain for the present on the doubtful list, but among them should 
hardly be counted the islet at the mouth of the Homosassa River, from 
which Mr. Willcox obtained the Pygorhynchus (Ravenelia) gouldii 
Bouve, a small echinoderm originally described from the buhrstone 
(ante-Claibornian) of Georgia. If the identification be correct, which 
I do not doubt, one would hardly expect this species to appear in the 
so-called "Oligocene." 

The thickness of this formation is very considerable in Florida. At 
Salt Mountain, in Alabama, excluding the still doubtful ''coral-lime~ 
stone " of Smith and Johnson and the " Jackson " beds below the Or~ 
bitoides limestone, the latter has a thickness of only 140 feet. But in 
northern Florida, west of Gainesville, according to reports from L. C. 
Johnson, artesian borings have started at the surface in the "Vicks~ 
burg," and have been drilled over 350 feet without finding any other 
rock or reaching the clayey layer of the Orbitoides rock (which is im~ 
pervious) so as to obtain any water. On the eastern side of the penin
sula, much farther south, at Lake Worth, an artesian well, after pass~ 
ing through a mass of talus in which the recent coquina was sometimes 
overlain by Miocene rubbish, etc., finally reached the solid Orbitoides 
rock at a depth of 1,000 feet, and penetrated it without finding any 
change for 212 feet, when, abundance of water having been obt<tined, 
the drilling was pushed no farther. In the Jacksonville well, though 
carried to a depth of 900 feet, the Eocene rocks were not recognized and 
perhaps not reached, offering a strong contrast to the well a.t Charles
ton, where they were encountered at a depth of 60 feet and penetrated 
for a depth of 330 feet before the Mesozoic strata, were attained. At 
St. Augustine, south-southeast from Jacksonville, the Vicksburg lime~ 
stone was encountered at a depth of 212 feet, and the boring was still 
in them when it ceased at about 1,278 feet. 

Nummulitic beds, Ocala limestone (Oligocene of Hei~rin ).-Among the 
rocks which until recently were not discriminated from the Orbitoides 
limestone, and which appear in central Florida directly and conformably 
to overlie the latter, though no one has described their contact, is 
a yellowish friable rock containing many foraminifera, conspicuous 
among which are two species of Numulites, N. willcoxii and N. jlori~ 
dana Hp. This rock was first brought to notice by Mr. Joseph Willcox, 
and to Prof. Heilprin we owe a description of it which discriminates 

lAm, Jour. Sci., 2d ser., 1861, vol. 21, pp.l-12. 
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between it and the Vicksburg or Orbitoides rock. The rock was early 
recognized as Eocene, though not discriminated from the earlier beds. 
It is best displayed at Ocala, Florida, where it forms the country rock, 
and has been quarried to a depth of 20 feet without coming to the bot
tom of the qed s. 

Dr. John Le Conte, in 1861,1 speaking of the portion of the peninsula 
about Ocala, says that it is "composed of a mixture of sand and shell 
limestone, probably of Eocene age." Four years later Conrad2 refers to 
some fossils from the Ocala limestone received by Prof. Cook of New 
Jersey. He specifies Globulus (Natica) alveatus, Venericardiaprima and 
JJosiniopsis alta, as belonging to the Eocene of California, Maryland, and 
New Jersey, and refers the formation to the epoch of the New Jersey 
Shark River Eocene marls. Mr. Willcox has since visited the quarry 
at Ocala and rediscovered some of these species, as well as Aturia ala
bamensis and a number of other Eocene species, most of which are com
mon to the Vicksburg limestone as far as identified, aud others to 
Lower Miocene rocks, such as those of Tampa and the Chipola beds. 

The original discovery of the Nummulitic stratum, by means of which 
it was discriminated from adjacent beds, was made by Mr. vVillcox at a 
clearing known as Loenecker's, on the Cheehowiska or Chassahowitska 
River, where it occurs in fragments more or less enveloped in a Pleisto
cene sand rock containing recent land and fresh water shells. Since 
then Mr. Willcox has obtained the rock in place 15 miles northeast of 
the original locality, from the shore of Waccassee Bay, near Cedar Key, 
and also from the banks of the Wacassassa River, Levy County; from a 
''sinkhole" at Pemberton's Ferry on the Withlacoochee River, about 10 
miles eastward from Brookville, and also at Bayport, Hernando County, 
and at various places about Ocala. Prof. Wetherby bas also sent speci
mens from a well5 miles southwest of Gainesville, Alachua County, and 
Mr. L. C. Johnson reports it from an old Confederate iron furnace 3 
miles northwest of Levyville, Levy County3

, where it is only 20 feet thick, 
and is covered with a bed of bog-iron ore formerly worked. Pember
ton's Ferry is the most southern point at which it has been recognized at 
the surface, but at Bartow, Polk County, it occurs covered by about 6 
feet of later strata. 

Miliolite limestone.-A rock observed on the Homosassa River by 
Prof. Heilprin is practically horizontal and rises 2 or 3 feet above the 
water at low stages of the water, on the left bank of the Homosassa at 
"Wheelers" about 1 mile above the river mouth. It has also been 
collected by Neal 6 miles southwest from Lake City. It is a tough 
limestone, full of foraminifera, mostly belonging to the Miliolidm, for 
which Prof. Heilprin proposes the name of Miliolite limestone. Its 
distinctness from the other foraminiferal limestones of this region is 
hardly established as yet. 

1 Am. Jour. Sci., 2nd ser., vol. 31, p. 11. 
2 Proc. Acad. Nat. Sci. Phila. for 1865, p. 184. 
sSE.! Sec. 28, T.ll S., R.15 E. 
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From what precedes it wHl be noted that the Nummulitic beds occupy, 
as far aR known, a very limited area from the vicinity of Gainesville 
on the north to Pemberton's Ferry on the south, extending from Ocala. 
westward nearly but not quite to tide water. These rocks, Nummu
litic, Miliolite, etc., as regards most of their fossil contents are hardly 
to be separated from the Orbitoides limestone and must certainly be 
regarded as forming part of the Vicksburg group. 

The layer of siliceous foraminiferal Eocene, overlying the typical Orbi
toides limestone, which has been recognized by Burns in Pulaski 
County, Georgia, at Hawkinsville~ and southeastward across the re
mainder of the local Eocene belt; and by Dr. Neal in a similar situation 
at White Springs, on the Suwanee, in Hamilton County, Florida, is with 
little doubt the analogue and representative in these localities of the 
Nummulitic and Miliolitic areas of central Florida. 

It may be added that vertebrate remains belonging to the cetacean 
genus Zeuglodon, or, possibly, to Squalodon, were discovered by Mr. 
Willcox in the Nummulitic rock of the Ocala quarry, thus adrling an
other indication of the close faunal relations of the Nummulitic with 
the preceding post-Claiborne beds. 

There is little doubt of the correctness of Prof. Heilprin's contention 
that these rocks are the analogue of the so-called Oligocene of the West 
Indies and of northern Europe. But, while this may be admitted, the 
propriety of regarding the group or series as constituting a distinct 
epoch, equivalent to or analogous in value to the Eocene, Miocene, or 
Pliocene epochs, which would be inferentially granted by adopting for 
them the term Oligocene, is a very different matter, and in Florida re
ceives no justification from the paleontological evidence. 

From Dr. J. C. Neal, of Lake Uity, Florida, we have specimens of the 
uppermost rock stratum at Branford, on the Suwanee. It is interesting 
as being of a character not common in Florida, namely, an extremely 
fine grained, pulverulent sandstone, apparently chiefly composed of 
particles of organic silica in a state of very feeble cohesion. It contains 
impressions of very numerous foraminifera and of a small Pecten, per
haps P. perplanus Morton, and should probably be referred to the 
horizon of the Ocala limestone or Nummulitic beds, though of a differ
ent lithological character from the beds of that age hitherto known. 

In the foregoing brief account of the Floridian Eocene the writer 
may, perhaps, somewhat have overstepped the limits assigned to him. 
But, for a clear understanding of the N eocene series in this region it 
seemed necessary to do this, and the recapitulation of matters else
where treated of by Prof. Clark will have done no harm, while its 
presentation in this connection seemed indispensable. 

MIOCENE HOCKS. 

Chattahoochee group: Ocheesee beds.-The Miocene rocks of Fle:ida 
present, lithologically and petrographically, a series enti['ely analogous 
to the calcareous, siliceous, ferruginous, phosphatic, and clayey beds of 
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the Eocene, but with a greater variety of strata in the same thickness. 
This indicates less uniform conditions and probably more numerous 
changes of level. In this respect the Miocene of Florida presents a 
contrast to that of the Antilles, where, accm·ding to Cleve, 1 the Miocene 
was a period of calm, regular deposition, without notable orographic 
disturbances, though such disturbances have left distinct traces in the 
Eocene strata and were again experienced in post-Miocene time . 

.Another feature which is noteworthy, even with our present imperfect 
knowledge, is the restricted area of many particular beds, which in 
some sections attain a considerable thickness, while other sections, 
without indicating uncomformities, show no traces of these special 
strata. 

In 1887 Langdon 2 observed a group of beds on the Chattahoochee 
River overlying the Orbitoides limestone at a point 9 miles above 
River Junction, or Chattahoochee, and traced it southward by the 
river to Ochee.see and Rock llluff, 17 miles below the railroad bridge at 
River Junction, where it dips below the Miocene beds, which are ex
posed at Alum Bluff, 8 miles farther down the river. At Ocheesee 
there were visible above the water 5 feet of creamy white granular 
limestone with obscure fossil corals, surmounted by 10 feet of greenish 
yellow unfossiliferous argillaceous limestone. At Rock Bluff 30 feet of 
limestone, in strata of varying purity, are exposed. These limestones 
are slightly phosphatic, and by disintegration afford a rich black loam 
characterized by the growth of Torregia taxifolia, the so-called "stink
ing cedar." The beds as a whole are more siliceous and argillaceous 
than those of the Orbitoides limestone, and were estimated by Langdon 
to have a total thickness of 250 feet, who referred tlwm to the new
est member of the Eocene or the oldest of the Miocene, under the name 
of the " Chattahoochee group." 'rhe same rocks were observed by Mr. 
Burns, of the U.S. Geological Survey, in the adjacent portion of Decatur 
County, Georgia; at a locality on the railroad 3 miles east of the bridge 
over the Chattahoochee River, Florida; 3 and below the Chipola marl, 
near Baileys Ferry, Chipola River, westward from Alum Bluff, Lang_ 
don obtained from these beds a large Pecten and an oyster resembling 
the recent Ostrea virginica. Burns,. at the locality mentioned, obtained 
a small number of fossils, among which were 22 species identifiable 
with those of the Tampa Miocene, including Pyrazisinus cornutus, 
Oerithium hillsboroensis, Potamides transecta, ConwJ pla,niceps, Natica 
amphora, Lucina hillsboroensis, Cardita serr·icosta, Venus staminea, V. 
cancellata,, V. penita, Cytherea nuciforrnis, Cyrena vesica, and Orb ito lites 
floridanus. Three or four other species were identical, or probably 
so, with Chipola species and two were not known, a Tagelus and Solen. 

There were also obscure corals and one Echinus. The condition of 

I .Agassiz, Three Cruises of the Blake, vol.1, p.109; and Kong. Svenska Vetensk . .Akad. Haudl., 1871, 
Bd. ix, No. 12. 

:a Am. Jour. Sci. , 3d ser. , 1889, vol. 38, p. 324. 
a Here his collection was made. 
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these fossils is poor, but they are sufficiently identifiable in all the cases 
above specified to speak with coufidence, and in most of them with cer
tainty. 

From the general trend of this limestone, its considerable thickness 
on the Chattahoochee and Appalachicola rivers, and its numerous sink
holes, ponds, and natural bridges about the Chipola River, it (and not 
the Orbitoides limestone, as was supposed by Smith and others) is 
doubtless the country rock over a considerable part of northwestern 
Florida. 

In the vicinity of Tampa, especially in the rock forming'' the bed of 
the Hillsboro River," Heilprin, in 1886, discovered Oer.ithi~ttm hillsbm·oen
sis in large numbers.1 This rock is variable in character, but all the 
specimens I have seen of it are friable and of a creamy yellow, or even 
somewhat ferruginous tint. The mass originally collected by Heilprin, 
which I have examined, is chiefly filled with the molds of this Oer
ithium. Specimens subsequently obtained from Magbeys Springs and 
submitted to me by Mr. Willcox, and others personally collected, unde
niably belong to the Tampa limestone, though most of its fossils are 
identical with some of those above cited as collected by Burns from the 
Chattahoochee limestone. Although no one has yet established the 
existence of a Miocene rock under the Tampa silex beds or described 
their contact, yet there can be little doubt that such a rock should 
underlie the Orthaulax bed (by which name, for clearness, I shall here
after denominate the Ballast Point silex bed proper) at Tampa, just as 
the Chattahoochee limestones underlie the Chipola marl at Alum Bluff. 
In other words, the equivalence of such a rock, if it exists, with the fos
siliferous stratum of the Chattahoochee group from which Burns ob
tained his fossils must be conceded, as well as the reference of both to 
an older horizon than the Orthaulax bed, which is thereby implied. 
Thus the truly Miocene character of the Chattahoochee group is estab. 
lished. 

But these beds do not everywhere represent the lowest member of 
the Miocene system. Of the artesian boring at Tampa, which wonld 
have given us the succession and thickness of the rock, unfortunately 
no data are preserved. 

Hawthorne beds.-From the unpublished reports of L. 0. Johnson, of 
the U.S. Geological Survey, it is gathered that in the interior a different 
or rather a more comprehensive succession of beds is the rule. In 1885 
the writer was able to confirm by personal observation in Alachua 

J The account given by Heilprin is extremely obscure. He speaks of the "hard siliceous blue rock, 
charged with Cerithium," which appears at Ballast Point and along the banl.:s of the river. But the 
hard blue rock of the silex beds does not contain a. hillsboroensis; the species with which it is charged 
is Prof. Heilprin's Pyrazi~inus campanulatus. and the rock from which he described and figured his 
a. hillsbo?·oensis (as is evident on an examination of the specimen) is neither" hard" nor "lJlne," 
though in places the bed is, like nearly all the Floridian limestones, more or less permeated with silrx. 
In Heilprin's Cerithium rock, which is probably a phase of the Tampa limestone, the shells are repro. 
sented by molds. In the silex bed proper they are represented by siliceous pseudomorpl1s, R.mong 
which five yeRrs' work of a half a dozen good collectors bas so far revcaleLl not a single specimen of a. 
l1illsboToensis. 
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County the presence of beds of phosphatic rock, more or less l>roken 
up and inclosed in a younger matrix overlying the Vicksburg limestone 
at the" Devil's Millhopper," near Gainesville, and afterward to observe 
remnants of the rock in place on the hilltops near Archer and Arre
dondo, as well as the presence on top of the Orbitoides limestone, where 
the latter formed the surface of numerous silicified pseudomorphs and 
fragments of fossils belonging to the phosphatic rock above mentioned. 
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FrG. 21.-Sections in Central Florida, illustrative of Hawtlwrne beas. .A, Nigger Sink; B, New
nansville well; C, Sullivan's hanunock. 1, surface sand and loam; 2, phosph at e rock; 3, soft sand
stone; 4, ferruginous gravel; 5, sand or sandstone; 6, greenish yellow clay ; 6a unexposed; 7, Vicks
burg rock. 

The latter at the time of my visit was being quarried and ground up 
as a fertilizer at Hawthorne, where the beds have a considerable thick
ness. For this reason I referred to these beds in my unpublished re
port as the "Hawthorne beds," and to the chief facts of their occurrence 
in a paper read before the National Academy of Sciences in 1887.1 

This name will therefore be adopted here for convenience in reference . 
to the beds about to be described. Johnson has obtained several clear 
sections illustrating these beds, which are here graphically reproduced. 

lAm . .Tour. Sci., 3d ser., 1887, v-ol. 34, p. 164. 
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Mr. Johnson :finds that the greater part of the phosphatic deposit at 
the Devil's Millhopper and to some extent at Hawthorne has been 
washed away and the rest more or less broken up. .A natural sink in 
the midst of the phosphatic area, Downing's :field, near the Natural 
Bridge ofthe Santa Fe River, .Alachua County (Sec.18, T .. 7 S., R.18 E.), 
affords a good section (.A). This place is locally known as "Nigger 
sink," and the Vicksburg limestone has been reached by a well hole in the 
center of it. .Above the well the lower 10 feet of the wall of the sink is 
hidden by talus, but is believed to be clay of a greenish yellow color, 30 
feet of which rises above the talus, covered by a four-foot layer of :firm, 
hard sand, almost a sandstone, and this by a sandy ferruginous layer 
of clay and gravel containing an oyster, like 0. virginica, reproduced 
in chalcedony. This ferruginous layer, which will be referred to here 
under the term ferruginous gravel, seems to appear in many different 
sections, with its oyster and silicified corals. It also occurs in Georgia . 
.Above it is a layer 2 feet thick of soft sandstone resembling the phos
phatic rock in appearance. Covering this is a bed of sand and clay 8 
feet thick containing fragments of all sizes, from a few pounds to a ton 
in weight, of the phosphatic rock and its large, silicified coral heads. 
These last, when th~y appear on the surface as around .Ar~her, from the 
solution of the phosphatic matrix are popularly known as "fossil 
stumps" or" nigger heads." They are large masses of chert or chal
cedony, often hollow, retaining on the surface more or less obscure indi
cations of the original coral structure. .Above this stratum come the 
surface sand and loam, here about 20 feet thick . 

.At a well near Newnansville (section B) another section was obtained 
by Mr. Johnson. Here 70 feet of the greenish clay overlies the Vicks
burg rock, but otherwise this resembles section .A, except in the follow
ing particulars: The ferruginous bed is only 2 feet thick, and 3 feet 
above it comes a bed 8 to 20 feet thick of solid phosphatic rock in place, 
with but little alluvium over it. For some distance north and east of 
the well this rock forms the surface of the hill. .At Sullivan's ham
mock (Section C), 5 miles east of Mixons, in the same region, the cherty . 
Vicksburg rock mixed with clay seems to begin immediately under the 
ferruginous stratum, which is surmounted by the phosphatic rock cov
ered under a moderate depth of loam. Near .Archer the phoshatic rock 
remains here and there on the hilltops as remnants, directly on the Orbi
toides limestone, the greater portion having been dissolved away by rain 
and percolating water, as is also the case in Decatur County, Georgia . 
.A similar rock with the characteristic coral heads occurs near Pasco 
County near the point where the South Florida Railway crosses the 
the North fork of the Hillsboro River, and also 1-2- miles northeast 
from J arve's Spring, in the same vicinity. At De Leon Springs, on the 
St. Johns River near Lake Helen, V olusia County, Mr. T. H . .Aldrich re
ports a bed of well preserved Chipola fossils overlying phosphatic rock 
doubtless of this same horizon. The water table reached by the arte-
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sian borings near l.1ake Worth at a depth of about 900 feet-which 100 
feet below gives place to the Orbitoides limestone-is probably formed 
by the impervious clays, gravel, and phosphatic rock of this group of 
beds, which here and in other places is covered by beds of pervious 
sand. 

A ferruginous bed, with oysters, directly overlies theN nmmulitic bed 
near Levyville, Levy County. At Magnesia Springs, near Hawthorne, 
the water comes out from under the phosphatic rock and brings with it 
numerous specimens of the silicified oysters which lie in the mud at the 
bottom of the springs. Specimens have also been received by the D. S. 
Geological Survey from Live Oak, Suwanee County, and Lake City, 
Columbia County, in the northern part of the state, where, according 
to Johnson, tbe same phosphatic rock occurs. This information has 
been confirmed by specimens subsequently forwarded by ])fr. Stanton 
and Dr. J. C. Neal, of the Florida experiment station at Lake City. 
We are indebted to Dr. Neal, for data showing the character of the Mio
cene deposits in that vicinity, and along the Suwanee River between 
Hamilton and Columbia counties. 

At White Springs on the Suwanee the following section was ob
tained: 

I. Gray soil, sand, and humus ____ • __ •. __________ ... ___ . _ ......... __ .. _ .. . 
Feet. 

2 
II. vVhi te sand ........................................................... . 4 

III. Clay with silicified corals and oyster (Ha wthornc beds) . . . . . . . . . . . . . . . . G-8 
IV. Inclurated clayey rock (Hawthorne beds') ............................. . 2 
V. Clayey sand-rock, rather fine grained and soft ... _ ........... _ ...... __ .. 4 

VI. The same, somewhat coarser and harder ... _ ............................. 8-10 
VII. Sand rock of coarser sharp grains, coated and cemented together with 

white limy matter ....... __ ........... _ ....................... __ . . . . . 4-6 
VIII. Foraminiferal Eocene top-rock (Vicksburg) indefinitely below. 

The silicified corals of bed III are sometimes 20-60 pounds in weight 
and along the river when dislodged from the elay often wear immense 
pot holes in the softer lime rocks. Miocene sharks' teetl1 and fragments 

. of bone also occur in the clay. Under bed vnr, when it is tilted up, as 
occurs in various places along the river, is found the older Orbitoides 
limestone of the Vicksburg group. 

In a sink 4 miles north of Lake City the following section was ob
served: 

Feet. 
I, II. Sand and sandy soil - ... - .... -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
IV. Indurated clayeyrock...... ...... ...... ...... .... .... .... .... .... ...... 2 

VII. Lime cemented sand-rock ...... ...... ...... ...... ...... ...... ...... .... 8 
VIII. Foraminiferal Eocene (indefinitely down). 

Two miles south of Lake City: 
Feet. 

I. Sandy soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
III. Clay, with corals and oysters ................. _ ............... _......... 20 

VII. Lime cemented sand-rock ................................ --·----------· .3 
VIII. Foraminiferal Eocene (indefinitely below). 
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Near the southern boundary of Columbia County, at Fort White, the 
are gently folded and the surface has been more or less worn into 

basins containing phosphatic breccia of the older lime rocks, which are 
themselves under these basins of phosphate slightly phosphatized in 
their upper portions. Here, owing to the fact that the Miocene and 
Foraminiferal Eocene (Milio1ite) beds have been more or less broken up 
by the action of water dissolving or wearing away the softer parts, the 
Orbitoides limestone sometimes immediately underlies the breccia in the 
basins and in other places the basins are composed of the Miliolite lime
srone. Beds vr, vn, and vrn, of the above series are more or less 
silicified, or when broken up the resulting breccia contains numerous 
angular fragments of chert. 

The Suwanee st1·ait.-The argillaceous deposits which are comprised 
in the Hawthorne beds appear to have been laid down toward the south
ern margin or the Suwanee strait, which separated the continental bor
der from the Eocene and Miocene islands representing Florida at that 
epoch. Farther to the north and west the rocks indicate deeper water, 
contain less clay, and have a much more abundant and characteristic 
Old Miocene fauna. The data which have conclusively shown this were 
obtained by Mr. T. W. Stanton, of the U. S. Geological Survey, since 
much of this paper was in manuscript, and are detailed at another 
place. The northern border of the strait appears to have been the site 
of deposition of a different, more siliceous material, which resulted in 
the formation of the beds elsewhere referred to as the Altamaha grits 
of Georgia. 

Old Miocene phosphatic deposits.-These rocks were among those 
referred by Johnson to his waldo formation, 1 though the typical expos
ure at Waldo belongs to the newer or Chesapeake Miocene. 

There is no doubt that the sources of phosphoric acid, through the 
existence of which the phosphatic rocks of Florida were made possible, 
were not confined to any one epoch. Rocks of unmistakably recent 
(Pleistocene) origin, containing sometimes remains of man, often reveal 
perceptible quantities of phosphoric acid on analysis. On the other 
hand, the leaching process to which the rocks are subjected from the 
semitropical rainfall has carried the precious substance into the Eocene 
limestones when they were adjacent and of a nature to absorb and re
tain it. Mr. Darton has collected unmistakable Orbitoides rock, which 
is mined for fertilizer and presents a large percentage of phosphoric 
acid, while much of the richest phosphate rock is of Pliocene age. 

But when all these allowances are made the fact remains that certain 
lower Miocene strata below the Chipola beds, though not the richest in 
phosphoric acid, yet, as far as known, are more generally phosphatic 
than any other single group of rocks in the state, and that this condi
tion is to some extent characteristic of them.2 The following table will 

I .Am . .Jour. Sci., 3d series, 1888, vol. 36, p. 234. 
2 Cf. George W. Hawes on a phosphatic s!J,ndstone from llawthorn, in .Florida.. Proc. U. S. Nat • 

.¥ns. for 1882,J).P· 4!H8. · 
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exhibit our understanding of the relations of the different beds con
sidered as a whole, up to the base of the Chipola beds. 

l l Cerithium rock (Tampa)'· 
Ocheesee beds . . . . . . Chatta,hoochee limestone. 

Miocene Chattahoochee group.- Water-be~tring .sands. ' l Phosphatic oolite. 
Hawthorne beds.... Ferruginous gravel. 

Greenish clays. 

!
Nummulitic beds ___ { Milioli~e limestone. 

Ocala limestone. 
Eocene, Vicksburg group._··-·. J Coral.lim~stone (Sa:lthill) t 

Vicksburg beds _. _ _ 0 r lJ .Ito Ides hmestone 
~ (VIcksburg). 
l White limestone (Jackson). 

It is of course understood that these beds are never all present in 
any one section, and when their respective faunas become known parts 
of some of them will perhaps be found to overlap. While much of the 
fauna of the upper beds of the Chattahoochee group survives into later 
strata, and no marked unconformity has been shown to exist at the 
base of the Chipola, yet the lithologic and faunal differences appear 
sufficiently well marked to retain, at least for the present, the Chipola 
beds in a group by themselves. 

Tampa group: Tmnpa, Ghipola, and Alurn Blu.ff beds.-Tampa Bay 
was the theater of the earliest identification of Miocene rocks in Flor
ida, those of Conrad 1 in 1846. In the same year and journal in which 
Conrad's account was made public Prof. John H. Allen 2 briefly but ac
curately characterizes the rocks of the region about Tampa Uity, dis
criminating the siliceous rock (Orthaulax bed) and the Tampa limestone, 
and assigning them to their true relative situation, stratigraphically. 
His account in this particular is better than Conrad's and more clear 
and correct than anything since published, previous to the investiga
tions of the U. S. Geological Survey in 1887. But, like others who 
have made brief explorations in Florida up to a recent period, he did 
not discriminate between the lithologically similar surface limestones 
of Florida elsewhere, and his observations are accurate only for the 
region above mentioned. 

The Miocene rocks of Florida above those forming the Chattahoochee 
group and below the upper fossiliferous bed at Alum Bluff, I include 
in the group, which from their oldest known typical exposure, I name 
the Tampa group. This may be divided into three sets of beds, the 
Chipola beds (including the Sopchoppy limestone, the Orthaulax bed, 
Bailey's "infusorial earth," the White Beach sand rock, and the 
Chipola marl or lower bed at Alum Bluff); the Tampa beds (including 
the Tampa limestone) and the Alum Bluff beds, or unfossiliferous sand 
and clay strata intervening between the Chipola marl and the upper 
fossiliferous bed at Alum Bluff. The latter belongs to the Upper 
Miocene, or Chesapeake group, similar to that of South Carolina, and 
the later beds of North Carolina, Virginia, and Maryland. 

I Am . .Jour. Sci., 2d ser., 1846, vol. 2, pp. 36-48; 399--400. 
I Ibid., vol. 1, pp. 38-42. 
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The following sections will illustrate the succession as observed at 
different localities: 

.Alum Bluff. Tampa. Manatee River. 

Yellow unfoss. sand, 70 Whitesand,6to24inches. White sand, (') 
feet. Yellow saud, 6to36inches. Yellow sand, ( ') 

Lignitic sand, 10 feet. Pliocene breccia, traces. 
Ecphora bed, 30 feet. Tampa limestone, 10 to 15 Ecphora bed, 24 to 36 
Alum Bluff beds, 15 feet. feet. inches. 
Marl (Chipola), 5 feet. Orthaulax bed, 6 to 10 Orthaulax bed, ( ') 
Chattahoochee limestone(') feet. 

At Ballast Point, Tampa, while repeating the researches of Conrad 
and others, the following notes were taken by the writer in the winter 
of 1886-1887: 1 

The Orthaulax bed.-The rock rises but a few feet above the beach. 
Two layers may be distinguished, especially by their fossils, for the 
rocks are so broken up that the superposition of the newer layer here 
is less clear than I found it farther inland. The older rock is composed 
of a limestone, which in some places is so impregnated with silex as to 
form an almost pure flint; and at other spots retains its limy char
acter, or is decomposed into a marl of peculiar tenacity. In many 
places the marl occurs in pockets surrounded by or covered with chert. 
In other spots it forms the greater part of the bank, and in this condi
tion was termed by Bailey "infusorial earth;" but, however different 
in character, the chert and marl are merely parts of one stratum which 
has been subjected to different chemical processes in its different parts, 
and not to two strata or beds. In the chert the fossils, of which the 
rock is fu1l, have disappeared, leaving cavities from which their forms 
may be reproduced by molding in gutta-percha. In the marl they 
have a,Iso disappeared, but in favorable spots the smaller ones are rep
resented by more or less perfect pseudomorphs of subtranslucent silex, 
reproducing every detail of the original shell. The larger ones, such 
as heads of coral, retain their outward form, but are usually mere shells 
with an interior of botryoidal chalcedony, often of great beauty. The 
fauna of this bed has been elucidated by Heilprin and to some extent 
by the writer. It is characterized especially among other things by the 
presence of the singular Stromboid genus Orthaulax, for which reason 
I have called it the Orthaulax bed. The more usual expression "Tampa 
silex bed," owing to the presence of silex in other beds of different age 
near Tampa, is less explicit and desirable. 

This stratum was also recognized by Conrad2 in the bed of a rivulet 
a few miles up the Manatee River, "near the shore of a creek having a 
very na,rrow entrance, but which widens above, and about 1~ miles up 
contracts again, then expands into a beautiful basin with tables of 
rock bordering the shore. * * * Above this is a buff-colored lime-

1 Am . .Jour. Sci., 3d ser., 1887, vol. 34, pp. 165,166. 
2 Ibid., 2d. ser., 1846, vol. 2, p. 45. 

J3ull. 84-8 
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stone without organic remains, about. 1 foot thick. This spot is 
limit of ti<le water." He also traced the same rock to the rapids 
falls of the Hillsboro River about 9 miles above its month, as 
also did, as well as later explorer~:;. This locality is 14 miles or 
northward and eastward from Ballast Point aud l\1r. Burns has 
lected the silicified fossils at various intermediate points along the 
shore. I found the same rock and fossils on Six Mile Creek at the h 
of navigation, nea.r Orient station, about 6 miles to the eastward 
Tampa, on the South Florida Railway. At Ballast Point the fossils 
chiefly marine, but there is a certain admixture of land shells which 
comes more prmwmJced toward the top of the bed, indicating a grad
ual increase of the adjaceut land area during the deposition of the bed. 
Finally, in some places on the upper surface, nothing but land shells 
are found, showing that, at last, it became dry land, at least in certain 
spots. 

These land shells are all of extinct species, allied more nearly to 
those of the West Indies than to the present fauna of the South em 
States. A small bulimoicl shell has been, I think incorrectly, referred 
to the Pacific genus Pa1·tu,la, which it somewhat resembles, as observed 
by Conr a<l forty years ago. But it is probably more nearly related to 
certain recent bulimuli of the North American, Antillean and South 
American recent faunas. The same rock, beside extending northward 
to the head of Hillsboro Bay, crops out on the other side of the pen
insu}a which separates the latter from Old Tampa Bay. Specimens of 
the fossils were collected here by Mr. Burns. It extends up the Hills
boro River at least as far as the rapids, while silicified corals are re
ported from a point 25 mileR above the mouth of the river at the cross· 
ing of the Florida Central Railway, in Pasco County, which may be of 
the same age. Siliceous fossils of the same character are reported to 
have been collected at Clearwater on the Gulf coast of Hillsboro 
County, west of Old Tampa Bay, and it is not improbable that the same 
rock occurs at the mouth of the Pithlachasco6tee River, Pasco County, 
somewhat farther north, a specimen of Pyraz-isinus having been col
lected there by Heilprin. A specimen of the Orthaulax has been col
lected by Matthew Hooper on the shore of Sarasota Bay, showing that 
the same bed exists there. 

White Beach sand rook.-A little farther south, again, in the northern 
and western extreme of the Little Sarasota Bay is a locality known by 
the name of White Beach, which was visited by Messrs. Willcox and 
Heilprin in 1886 -and by 1\ir. Willcox and the writer the following year. 
It consists of an outcrop of rock which rises two or three feet above 
high water. It is a yellowish lime:-tone, much waterworn and cov
ered in places with a thin layer of recent sand rock. It contains 
distorted molds of many species which can not be recognized, but in 
some places these molds have become :filled with a pseudomorph in 
lime of the original shell. These pseudomorphs are gradually exposed 



DALL .AND} 
HARRIS. INFUSORIAL EARTH. 115 

by the action of the sea on the rock, and afforded about forty species 
of molluscan fossils, besides several corals and corallines. 'fhe rock 
did not show any foraminifera, though several of the species of shells 
are identical with those of the orbitolite stratum of Tampa.1 

While all the species collected here have not yet been determined, 
about half of them have been studied sufficiently to show their near 

. equivalence to the Orthaulax bed of Tampa and the Chipola nutrl beJ. 
of Alum Bluff. Several peculiar species are common to them and 
several others to the Antillean Miocene. On the whole, while the 
White Beach fauna is too imperfectly known for dogmatism, it \voulu 
seem probable that it does not greatly differ from that of the Orthc~ulctx 
bed, is certainly to be included in the Tampa group, and may possibly 
be a little younger than either of the beus above mentioned. More 
thorough study has shown that the first impression, that this horizon 
is not far removed from the Caloosahatchie Pliocene, is untenable, 
since we now know that the whole of the Chesapeake group, at least, 
must intervene between the two horizons. 

The White Beach bed is covered with a thin coat of Quaternary 
indurated saud containing recent land shells, and extremely hard. 

This is the most southern point, s0 far, at which Miocene strata have 
been observed to crop out in Florida; but on Shell Creek, a tributary 
of Peace Creek, in about latitude 27° north, draining into Charlotte 
Harbor, Mr. Willcox found a specimen of Vaswn hcdtensis Sby., which 
is a shell described from the Antillean Miocene, and probably, if cor
rectly identified, indicates the presence of beds of the Tampa group 
in this vicinity. 

I have referred to the presence of Orbitolites jtm·ida.nus Conrad in 
rocks of the Chattahoochee group. It is also found silicified, though 
not abundant, in the Orthaulctx bed from which Prof. Heilprin. sup
posed it to be absent. 

Bailey's injttsorictl earth.-To return to the Tampa section: it is to 
be noted that at one point on the bay Rhore between Ballast Point or 
Newman's Landing and the mouth of the Hillsboro River the marl 
associated with the siliceous fossils, forming a phase of the Ortha1tla.v 
bed, rises above the beach to an estimated height of 10 teet. Here 
Mr. Burns, of the U.S. Geological Survey, Col. Bartholomew, of Tampa, 
and other~ have collected fine series of silicified fossils. A.t this point 
Prof. J. W. Bailey, U. S. A., uiscovered what he regan1ed as a bed of 
infusorial earth resembling that of Virginia in its lithologic character. 
Of this he says :2 "Directly on the shore of the bay I detected a highly 
interesting stratum of fossil marine Diatomacea or Infusoria. It is 
exposed for at least a quarter of a mile, and from 5 to 10 feet of its 
thickness may be seen. In its external characteristics (whiteness, 
lightness, fissility, etc.) it. has some resemblance to the infusorial 

1 Dall, .A.m. Jour. Sci., 3d ser., vol. 34, p. 167. 
ll Microscop. Obs. Smithsonian Contr. Know!., 1850, vol. 2, No. 8, p. 19. 
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strata of Virginia, but is much more indurated, so that although it 
easy to show that it is made up of the remains of Diatomacea, 
of sponges, etc., it is difficult to isolate and determine the indi 
specimens. This infusorial earth, like that at Petersburg, Va., chan 
in a singular manner to a salmon color when exposed to the vapor 
turpentine or Canada balsam." This bed has not, as far as we kn 
been examined since Prof. Bailey's visit, and in order to determine 
position, stratigraphical and lithological, it was visited by the wri 
in January, 1891. 

The most marked exposure is locally known as Conklin's Bluff, 
is situated on the western shore of Hillsboro Bay, about a qua 
of a mile above a long wooden pier belonging to a Mrs. Chapin, and 
mile and a half north of Ballast Point. It is a steep bank 6 or 
feet above high-water mark, and is the only place on this shore 
tween Ballast Point and Tampa which at all corresponds to B 
description. The land along this shore is mostly low and the beach 
and muddy or sandy, but there are a few places where the Orthaulax 
bed rises above high-water mark. The rock is like that at Ballast 
Point. The shells are often represented by molds in the chert, but 
there are pockets of putty-like marl which contain the siliceous pseudo
morphs and small nodules of chalcedony. 

Bailey's white bed consists of a deposit of this marl, which elsewhere 
occurs in pockets in the harder rock, but here for a few hundred feet 
appears in sufficient quantity, by itself, to be regarded as a bed. Some 
of the material is pretty hard, but all of it is fissured vertically and hori. 
zontally into a profusion of angular fragments. The lower layers are 
the hardest aud rest on siliceous rock of the Orthaulax bed, of which 
this must be regarded as merely a very local phase. .At this place the 
marl is nearly destitute of fossils. The few which occur are nearly all 
small branches of coral; much of it has no fossils. The lower part is of 
a gray or pale green hue, bleaching when dry, as in the upper layers, to 
white. It also becomes softer and more fragmentary. It is penetrated 
by roots to a depth of 2 feet, and a piece large enough to form a good 
specimen can be found only low down in the bed, and then in drying 
will break into numerous fragments. The average thickness of the 
bed may be 3 feet, the maximum 6 to 8 feet. In one place it is 
covered by a thin layer of reolian sand rock discolored by iron oxide. 
The strata along this beach are gently waved; the places where rock 
appears above high-water mark are the summits of these waves, which 
seem to trend in a northwest and southeast general direction. This 
marl is one of the highest of the waves, and farther back from the shore 
is covered by the Tampa limestone, according to reports of residents. 
There seemed to be no recognizable dip. 

It will be noticed in Bailey's list of species collected that he mentions 
only three or four from this deposit, all of which are also found living over 
a great part of the Atlantic coast, and especially in Florida, around the 
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roots of plants growing in wet places. The deposit does not seem to 
be properly infusorial in character, though doubtless containing, like 
other marl, a few such organisms. It is really a siliceous marl formed 
by a decomposition of part of the rock which originally constituted the 
Orthaulax bed. An analysis, according to Prof. ].,. W. Clarke, shows 
the following composition: 

Silica .. __ ..... _ .... _ .. _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70·78 
.Alumina and iron......................................... 11·33 
Lime .......... _ ............................... _.......... 2·18 
Water and loss ...... _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15·71 

100·00 

This indicates the material to be little different from the yellow sand, 
which, like it, is probably a residual product of the disintegration of in
digenqus li!fie rock of organic origin which has lost most of its lime by 
solution. 

An examination of some of this marl by Mr. Lewis Woolman, the well 
known student of microscopic organisms, did not reveal a single dia
tom, though specimens doubtless occur in certain portions of the de
posit as observed by Bailey. 

The Tampa limestone.-A second stratum, which appears obscurely at 
Ballast Point and with clearness at other localities, overlying the Or
thattlax bed, was first clearly described by Allen in 1846. He observes: 

The first layer of solid rock beneath the soil is a stratum of limestone; it is hard 
and white, has an earthy texture, and appears to have resulted from comminuted and 
decomposed shells. The surface of this rock is exposed in several places in the vi
cinity of Fort Brooke; about 2 miles north, near the Hillsboro River; 4 miles west, 
on the shore of the bay; and 6 or 7 miles east, in the banks of a small stream.! 

This rock I have named the Tampa limestone. It was observed by 
Heilprin,2 who noted in it the great abundance of the Orbitolite de
scribed (under the name of Nummul-ites) by Conrad in 1846. But in Heil
prin's text it is more or less confused with a supposedly different rock 
which he regarded as underlying the Orthaulax bed. An examination of 
the rock in the Hillsboro River from Tampa to the falls shows that 
what he mistook for the Orthat1,lax bed was merely a cherty layer of the 
Tampa limestone, that rock being characterized by an abundance of 
Oerithium hillsboroensis in this vicinity, and everywhere overlying the 
Orthaulax bed. The following notes on this rock were made by the 
writer in 1887.3 

Above the stratum above described [Orthanlax bed] is a layer from 1t to 10 feet 
thick, of a limestone free from silex and pretty uniform in character. The fossils are 
mostly represented by external molds; but a few, and particularly an orbitolite de
scribed by Conrad, and probably identical with one now living at moderate depths 
on the Floridian coast, retain their shell structure. 

This rock underlies the town of Tampa, where wells are dug through it, and water 
obtained at a depth of 10 feet or less. It is probable that the more compact cherty 

I .A.m . .Jour. Sci., 2d ser., 1846, vol.1, p. 38. 3.A.m . .Jour. Sci., 3d ser., 1887, vol. 34, pp.166.-167. 
'Trans. Wagner Inst., 1887, vol. 1, p. 61, 1f 2. 
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stratum underlies it here and forms a water table. The same rock occurs 7 
northeast of Tampa in wells, and also on laud belonging to Mr. LapellotieTe, 
Tampa (SE. t, Sec. 14, T. 29, R. 19), near Orient Station. lts upper surface is ab 
14 feet above Six-Mile Creek, near by, and about 25 feet above the water in the 
bor of Tampa, at the railroad wharf, according to recent surveys. Its exact thi 
ness here I was not able to determine. I was informed that the same rock occuned 
on the Manatee River above Braidentown. Still farther to tlle south and west I 
observed it about 1 mile from Sarasota village, on the road from Braidentown, iu the 
gulley of a small rivulet about a half mile from the shore of tlw bay. 

There is an outcrop of rock at Bowleys Creek, emptying into Sarasota Bay, about 
8 or 9 miles northwest of Sarasota and about 2 miles from its mouth. This can ue 
reached only by boat at high water, and is then a foot or two below the surface. I 
visited it and succeeded in getting some fragments with prints of two species of 
Pecten and one of Ost1·ea, with traces of a Spondyllts, all of which are representcr1 in 
other Miocene localities. The rock was covered with Quaternary beds of indurated 
sand containing recent shells in a semifossil condition. 

The same rock appears to crop out at Belleview, Marion County, 
and Bayview, on Olu Tampa Bay, where specimens were collected by 
Willcox. 

The known area of the Tampa limestone, and that which is probably 
to be assigned to it, from the information in our possession, is nearly 
the same as that. of the Orthaulax bed; but as yet we kno'v very little 
about the geographical extent of either. These rocks are usually much 
corroded on their upper surface, through the action of carbon dioxide 
and rainwater, and are covered with from a few inches to several feet 
of sand, loam, and humus. 

A section on the bank of the Hillsboro, near J;apenotiere's Spring, 
generalized from variations observed in the near vicinity, gives the 
following succession: 

Thickness. Character of strata. 

6 to 36 inches ______ Humus, yellow sana, etc. 
10 to 15 feet. _______ Tampa limestone. 
7 inches to 10 feet._ Orthanlax bed. , 

Total elevation above the level of mean tide at Tampa, about 25 feet. 

The Cerithium rock of Heilprin.-In January, 1801, the writer visited 
Tampa for the purpose of settli11g some lurking doubts excited by 

discrepancies in previous accounts of the stratigraphy of the "Ce
rithium rock" and Tampa limestone. The writer has never seen the 
so-called Cerithium rock underlying the Orthaula.XJ bed, though analogy 
with the Alum Bluff section would seem to call for it. Heilprin dis
tinctly affirms its existence in such a position, but his language would 
seem to indicate a confusion in his mind of the rock holding Pyrazisinus 
with that containing Cerrithium hillsboroensis. His description of the 
rock would seem to apply to the former, but his reference to the species 
particularizes the latter. 
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A trip up the Hillsboro Hiver about 12 miles, in a skiff, examining 
every outcrop of rock in the banks from Tampa to the rapi1l~, re~ulted 
as follows: The Orthaulax bed is clearly and unmistakably below tlw 
Tampa limestone, but nowhere could any rock below the Orthctulax 
bed be observed; the stratum itself rarely rises more than 2 or 3 feet 
above the water. The Tampa limestone everywhere covers the Or
thaulax bed, and reaches a maximum tllickness of 25 to 30 feet. The 
two strata appear to be gently waveu in a northwest and southeast 
direction, the Hillsboro River cutting these waves transversely, as a 
rule. There appear to be about half a dozen such waves between 
Tampa and the rapids, where the Orthaulax beu rises about 6 feet 
above the river and forms its bed for a short distance. In the Or
thaulax bed there are many species which have not been found in the 
Tampa limestone, but I have found comparatively few, mostly minute, 
species in the Tampa limestone, except Oerithium hillsboroensis, which 
are not represented in the Orthaulax bed. 

Along the river the summits of the anticlines bring up the Tampa 
limestone and less commonly the Orthaulax bed above the water at 
the shore. Between the anticlines the Tampa limestone sinks out of 
sight and is covered by swamp. In intermediate places it forms the 
bed of the river, and perhaps from some such place Prof. Heilprin's 
Oerithi~trn was collected. The lower layers of the Tampa limestone are 
silicified or cherty in many places, but still remain yellowish. This 
part of that bed can be distinguished from the Orthaulax bed chiefly 
by color and by the absence of the characteristic Orthaulax, Pyrazi
sinus, and other fossils of the older stratum. 

In the city of Tampa good exposures of the limestone were obtai:mble 
at the city waterworks (with which Magbey's Spring is now incorpo
rated) and at a quarry where the rock is excavated for road metal. 
Here the rock is at least 20 feet thick. The lower part has few fossils. 
Those of the upper part are in the form of molds. N atioa arnphora, and 
Venus penita are particularly abundant; Oerithium hillsboroensis not 
rare in tht' upper part. The upper surface of the beds, which is covered 
by a yellowish loamy sand, is wave-worn withLithodomus borings, lumpy 
and irregular. The outer crust is harder than the rock below. The 
yellow sand contains occasional phosphatic nodules and fragments of 
bone. It descends into the fissures and depressions of the limestone and 
averages 2 or 3 feet in thickness, covered by the usual layer, 3 to 6 feet 
thick, of white siliceous sea sand. 

From these observations it appears that, while the existence of a 
Oerithittrn rock under the Orthaulax bed is a priori probable, sufficient 
evidence of its existence is still to be collected, and the rock identified 
as such by Heilprin may very possibly have been a portion of the Tampa 
limestone. 

The Sopchoppy Umestone.-Specimens of a very soft limestone con
tail1ing numerous imprints of shells and many fragments of vertebrate 
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ribs and other boues were exhibited in 1890 at the Subtropical Expo
sition at Jacksonville. These were staten to be from Sopchoppy, 
Wakulla County, near the Okloconee Hiver. This locality is not easily 
aceessible, but through the kindness of Mr. J. C. Hodge some of the 
rock was obtained for examination. It proved to contain Conrad's 
orbitolite and about thirty species of shells, most of which are common 
to the Chipola marl or the Orthaulax bed. No sign of Orthaulax or 
Pyraz·isinus was noticed, but the horizon is probably not far from that 
of the Chipola marl. 

1\'lr. Burns was informed that a mass of limestone of this character 
extends from the river near Sopchoppy to the Gulf coast eastward of 
the mouth of the river, and this may belong to the Chipola beds, like 
the specimens examined. 'rhis, however, remains to be definitely 
determined. 

Other localities of limestone belonging to the Tampa group, but of 
which the fauna is too little known to determine the exact horizon, are 
Sulphur Spring Ferry, Suwannee County (L. C. Johnson); Johnson's 
Limesink, Levy County, and a 50-foot well near the capitol building in 
the city of Tallahassee. These are represented by specimens in the 
National Museum collection. 

In the endeavor to determine the extent of Miocene deposits in the 
line of the Suwanee Strait between the Miocene Florida islands and 
the continental border of the same epoch, an examination of the rocks 
along the line of the railroad from Tallahassee to Lake City was kindly 
undertaken, in the intervals of other work, by Mr. T. W. Stanton, of 
the U. S. Geological Survey. 

Mr. Stanton notes that the country around Tallahassee is hilly and 
rolling and the surface covered with red sandy clay (referred to the 
.Appomatox by :1\IcGee), which forms the soil and is the only material to 
be seen in the cuts on the railroads and wagon roads. 

In a ravine 2 miles west of the town were found a large number of 
masses, 2 feet thick, of hard, white siliceous limestone, which do not 
form a continuous bed, but occur in soft gray argillaceous sand 8 feet 
thick, unconformably overlain by the red sandy clay referred to, which 
here, together with the surface soil, forms a layer 3 to 10 feet thick. 
This rock recalls that observed by the writer at Bowleys Creek, Sara
sota Bay, and like it contains Pecten and Ostrea and other old Miocene 
fossils. 

One mile west of this place, on the farm of G. H. Meginnis, Mr. John 
E. Davids has dug a shaft 60 feet deep in search of phosphate rock. 
This well is said by Mr. Davids to pass through-

Feet. 
1. Surface soil and red clay-----· ...••....... --·- .... ·-----·-----_ .......... 10-12 
2. Light green clay---· .......... -····-·--·-· ........................ ____ ... 14: 
3. Green clay, with fragments of shell....................................... 2 
4:. Fine white saud, with a little clay and some fragments of hard sandstone.. 16 
5. "Soft phosph:ttc '' ............. _ ...... __ .... _ .... ____ ..... _ ... __ .... _ .. _ . 9 
6. "Hard phosphate" ........................................ _ .. _ .. _ ....... _ 10 
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Nos. 5 and 6 contained irregular fragments of rock, said to be phos
phatic and apparently an altered Miocene limestone; some fossilif~.rous 
fragments of that age in the field near by were said to have come from 
an old well . 

.At Lloyd, a station 18 miles east from Tallahassee, all the streams of 
the tleighborhood flow northward and disappear in sinks. At the sta
tion a rock said to be phosphatic was struck at the depth of 20 to 25 feet 
in digging a well. This is overlain by clay, in which, at the depth of 
8 feet, was a bed of large oyster shells. 

Two and a half miles east of Lloyd a large creek called the Micco
sukee Drain flows from a lake of the same name and sinks into the 
limestone. The latter appears to be Tampa limestone, with abundance 
of Orbitolites fioridanus Uon., and other fossils; it is about 10 feet tbick, 
and contains more or less cherty matter. Similar rock was exposed at 
a sink 1i miles south of Lloyd, resting on greenish clay. Five miles 
southwest of Lloyd the country becomes less flat and the red clay again 
appears on the higher ground. It also is seen near Monticello. 

South of the railway, at Weelaunee, .Jefferson County, on Bailey's 
plantation, a Miocene limestone with the characteristic fossils occurs in 
a bed about 3 feet thick, which has been quarried for lime. It is cov
ered by about 2 feet of surface soil, and the upper part is fragrnental. 
At the farmhouse, which is on a hill a mile away, a well_lOO feet deep 
has recently been dug, fi·om the lower third of which much rock of the 
same sort has been taken. Phosphatic rock, probablyofthe same age, 
has been found at a third point, in low ground, on the same estate. 

The Suwanee River is crossed by the railroad just east of Ellaville, 
and a light yellowish limestone is exposed here in the banks of the 
river. Mr. Stanton was unable to stop at this point, but specimens 
collected there by L. C. Johnson, and now in the National Museum, 
show that the rock is probably Tampa limestone. ' 

Nine miles east from Ellaville on the railroad is a" rock cut," where 4 
feet of Miocene limestone and calcareous clay is unconformably overlain 
by 4 feet of red and yellow clay. The limestone is of the Tampa beds, 
and contains the usual molluscan fossils, represented by rather imper
fect casts, which have been more or less filled with crystals of ca.Ic-spar. 
The ground is comparatively high at this point, though the surface is 
more level and the hills lower th~n at Tallahassee or Monticello. 

These observations and collections of Mr. Stanton are of much im
portance, since they confirm, by unimpeachable evidence, the Mioeene 
insulation of central Florida, which had been regarded as probable by 
the writer previously, chiefly on theoretical grounds. 

Taken in connection with the observations of Mr. Burns on the Alta
maha grits of Georgia, they show that the passage between Florida 
and the mainland, here termed Suwanee Strait, and now occupied by 
the Okefinokee and Suwanee swamps and the trough of the Suwanee 
River, was a wide, and even in Miocene times a moderately deep, body 
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of water, the general trend of which did not differ much from that 
a line drawn from Savannah to Tallahassee, and which had a probable 
width of more than 50 miles. 

Ohipola 'Jnarl.-This bed contains the lower marl bed of Langdon's 
section. Owing to a lower stage of the water at the time of his visit, 
and more detailed study of Alum Bluff by Mr. Burns, he was better 
enabled to determine its thickness and discover a considerable westward 
extension of its area. 

At Alum Bluff the Chipola marl bed is about 5 ~et thick and well 
characterized by a species of Orthaulax ( 0. gabbi Dall), different from 
0. pugnax of the bed at Tampa, and also from that originally described 
by Gabb from the Miocene of Santo Domingo. 

At Baileys Ferry, on the Chipola River, an affluent of the Appa
Jachicola from the west, the Chattahoochee beds are overlain by a 
stratum of yellowish calcareous sand containing well preserved fossils, 
identical with those at Alum Bluff, but in much better condition. The 
same bed is reported by Aldrich over phosphatic rock at De Leon 
Springs. It, or its analogue, exists in the Miocene rocks of Santo 
Domingo, from which Sowerby and Gabb have described so many 
species. Similar beds exist in Venezuela, Curagoa, Trinidad, Barbuda, 
Anguilla, Haiti, Jamaica, and probably in Cuba. They have numerous 
species in common with the Chipola marl and the Orthaulax bed of 
Tampa, the differences not being greater than the faunal differences 
between the cited localities at the present day. Some of the interest
ing forms first described from this rich fauna, like Bothrocorbula, are 
absent from the immediate vicinityofthe present coast, but still exist, 
living, in the greater depths off shore. 

The vVhite Beach bed has afforded 40 species of molluscan fossils; 
the Tampa, Orthaulax bed about 165; the Ohipola marl about 400 species, 
part of which have been determined. Sixty species have been enu
merated from the Tampa, limestone, of which more than one-half are 
known to be common to the Orthaulax bed. It should be added that, 
as one might expect from its position in the column and relations to 
the subjacent Eocene, these rocks contain a certain number of Eocene 
species which afterward die out: A few small specimens of Ostrea 
sellaformis ( 0. divaricata Lea) appear in the beds, as well as a certain 
number of Vicksburg fossils, and nearly the whole Chattahoochee 
fauna, as far as yet known, reappears in the Chipola beds. · 

Alum Bluff beds.-Over the richly calcareous rather ferruginous, 
Chipola marl at Alum Bluff we find a total change of material and a 
tota.J disappearance of the fauna. There are from 5 to 15 feet of gray 
siliceous sand and a little clay, without fossils, while above that a radi
cal change of fauna is revealed by the fossils of the Eepbora bed. 

To these transition strata I would apply the provisional name of the 
Alum Bluff beds, until such time as fuller information shall be available. 
That they represent in the series at Alum Bluff' a period of important 
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changes of level and probably of sea temperatures, and no inconsid
erable portion of geologic time, is hardly open to dispute. 

Chesapeake group.-For the Miocene strata extending from Dela
ware to Florida, but best developed in Maryland, Virginia, and the 
Carolinas during the Yorktown epoch of Dana, including a large part 
of Heilprin's 1\farylandian, Virginian, and Carolinian, I propose tile 
name of the Chesapeake group. On this uoble bay and its estuaries, 
forming the greater part of t,he Patuxent, York, and James rivers, 
these beds are displayed in all their breadth, and the Chesapeake 
waters may almost be said to be inclosed in rocks of this group. I 
have been unable to use Heilprin's names, as they have never been 
recognizably defined so that one might say, from a knowledge of the 
fossil fauna, such and such a bed is "Virginian " or " Carolinian;" 
neither am I convinced that these names correspond with precision to 
any definite geologic facts. 

That there is a gradual change in the fauna from the older beds to 
the newer ones may very probably be the case; but no careful strati
graphical evidence has yet been combined with such a statement of the 
fo8sil fauna of each stratum as to put the matter in a sufficiently clear 
light for intelligent discussion, still less for geograpllical apportion
ment. That the lowest beds of Shiloh, New Jersey, and perhaps some 
of those elsewhere, correspond to the Tampa group there is some reason 
to suspect; but even here revision and comparison of the species com
prising the fossil fauna is necessary before positive conclusions can 
be safely drawn. 

For the strata bordering on the Chesapeake in Maryland and Vir
ginia which belong to the Miocene, Darton has proposed 1 the name of 
the Chesapeake formation. This term as used by him is equivalent to 
''Miocene" as heretofore understood in these states, and is the strati
graphic homonym of the chronologie "Yorktown epoch" of Dana. 

The term Chesapeake group, as independently suggested, here ineludes 
as typical Dm·ton's Chesapeake formation and also all other beds be
longing to the same horizon and containing the same general fauna on 
the Atlantic and Gulf coasts of the United States. 

The Caroliniau Miocene is presumably closely analogous to the 
Ecphora bed at Alum Bluff, and represents the later beds of that 
epoch, but the terms Carolinian and Sumter, as heretofore used by 
most authors, involve assumptions which seem dubiously true, and for 
that reason I am unwilling to adopt either term. As originally used by 
Dana they were chronologie, and not stratigraphic terms. 

It is obvious from what has preceded that the term Middle Miocene 
is inappropriate if used to denote what seems to be the culminating 
series of Miocene deposits on our Atlantic coast, as is done by Heilprin 
under the assumption that what I regard as the mixed N eocene of 

I Mesozoic and Cenozoic formations of eastern Virginia and Mary laud, by N. H. Darton, B11ll. Geol. 
Soc. Am., May 1891, vol. 2, p. 443. This use of the name was not known to the writer» of thlt> e8say 
until the essay had been practically :finished. 
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South Carolina is a homogenetic deposit. Consequently I am obliged 
to bring in a new term, which shall have no ambiguity in its meaning, 
and in which I intend to include all the marine J\1:iocene of eastern 
America possessing a fauna newer than that of the Tampa group, and 
of which such species as Ecphora quculr·icostata, F1.ams equalis, Perna 
mnxillata, llfactra congesta, and the great .1\Iioceue Pectens are illus
trative members. It is quite possible, when this group of bed::; has been 
properly investigated, that an opportunity may arise for subdividing it. 
At present, however, no satisfactory data exist warranting such sub
division; even the upper limits of the oldest Virginian fauna, in terms 
of stratigraphy, are entirely unknown. 

The Chesa.peake group is represented over a very wide area in 
Florida~ if the scattered observations already made can be regarded as 
indicative of its extension. Borings on the eastern coast of Florida 
and in the St. Johns valley indicate that there the beds of tlds group 
in some places attain a thickness of at least 500 feet. 

The Ecphorct bed.-At Alum Bluff the group is represented by wlmt 
I have termed the Ecphora bed, of gray marl, with over 100 sve<'ies of 
fossils many of which are common to North Carolina, Virginia, and 
Maryland. It has a thickness here of 30 feet or more. One mile west 
of Baileys Ferry, on tl..e Cuipola River, the ~mme bed appear:-; 'vith tLe 
same fossils and probably a somewhat greater thickness. Mr. Burns 
also traced it along the hills east of the Appalachicola River from 
about 5 miles above Bristol to a point 8 miles below that place, thus 
giving the outcrop a breadth of at least 13 miles, while along the 
Chipola he believes it may attain fnlly 20 miles. L. C. Johnson, of the 
U. S. Geological Survey, has made a small collection from what is 
probably the western extension of the same bed, 5 miles east of De 
Funiak Springs, in WaH on County; and on the branches of Shoal River 
above Crestview, in the same general direction, he reports marl with 
abundance of fossils, which are likely to prove of the same age. 

To the eastward of the Appalachicola River for some distance no 
observations are on record. 

At 15 miles west from Tallahassee Mr. Joseph Willcox recently found 
a bed of white marl containing Jlfactra congesta, Lucina crenulata, Gor
bula dietziana, and Dentaliurn a,ttenuaturn, which clearly belongs to 
the same group. Johnson reports an extensive deposit of marl in the 
vicinity of Tallahassee. 

Jacksonville limestone.-At Jacksonville, Florida, in Duval County, in 
the excavation made for the city waterworks: a porous, slightly phos
phat.ic, yellowish rock, derived from indurated calcareous sand, \nts 
discovered. 1 It contains numerous molds of fossil shells belonging to 
the newer .Miocene fauna. The same was apparently exposed on Black 
River, Clay County, and Preston sink, 3 miles north of Waldo, Alachua 
County, wherePectenjeifersonius, Carditamera aYata, etc., were obtained. 

1 E. A. Smith, Min. Res. U. S. for 1885, p. 251. 
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West of Jacksonville, at Live Oak, Suwanee County, and Lake City, 
Columbia Connty, specimens of fossils were obtained which may prove 
to belong rather to this than , to the Chrtttahoochee group of beds. 

The borings at Jacksonville passed through what appears to have 
been this rock for nearly 300 feet. East of .Jacksonville, at St. Augus
tine, similar borings were prosecuted when Venus rileyi, V. perrnagna, 
and Area limula were obtained at a depth of 208 feet, while at 224 feet 
the characteristic fossils of the Vicksburg appeared. 

Farther south ward, at Rock Springs, near Zellwood, Orange County, 
Smith 1 obtained from a limestone bluff at least 10 feet high Pecten 
madisonius, Ven'US al'veata, Venericardia granulat(,t, Oarditarnera ara,ta, 
Mytiloconcha, incurva, Oardi·um sublineatU'rn? and Oliva litm·ata? which 
indicated decisively the Upper Miocene age of the outcrop. About 150 
miles farther south an arte,:;ian boring near Lake Worth reached the 
Vicksburg rocks at a depth of 1,000 feet. This well was evidently 
bored through deposits, in part at least, of the nature of talus, since 
if the depths at which the specimens were obtained above the Vicks
burg were correctly stated (which is open to grave doubt), several 
very remarkable inverRions of Tertiary rock and recent coquina occurred. 
However, at an indeterminate point between the surface and 1,000 feet 
below it a few Upper Miocene fossils were obtained, including· a Oorbula 
and Dentali1tm attenuatum, so abundant in the Ecphora bed. This is 
valuable chiefly as indicating the southernmost point where beds of the 
Chesapeake group are known to occur on the Atlantic shore. 

Manatee River marl.-ln the western portion of the peninsula a few 
localities are known for beds of this age. At Rocky Blu£f, on the right 
bank of the Manatee River, a few miles above Braidentown, Heilprin 2 

found Pecten madisonius, P. jeffersonius, Ven~ts alveata, Perna maxil
lata, Area incongrua, and other Upper Miocene species. The so-called 
"bluff" is a ledge of rock, 2 or 3. feet above the water level at the time 
of his visit, which consisted of a basal white marl and yellowish sand
stone and an overlying siliceous conglomerate. The httter, which is 
probably Quaternary, is almost entirely deficient in organic remains. 
The marl is " densely charged with them." It is probably from more 
westerly submarine strata belonging to this series of beds that was 
derived the Ecphora collected by Dr. Stearns in 1868-'69 on the beach 
of Long Key. At one time I was inclined to refer this specimen to the 
silex beds, 3 but subsequent study of the stratigraphy has led me to 
renounce that idea, since the Ecphora belongs to a later horizon, similar 
to that of the Manatee River stratum. Further search showed, accord
ing to Prof. Heilprin, that the marl at the Manatee River locality 
"thinned out and disappeared after a short distance, but the yellow 
sand rock, largely honeycombed and containing much fewer fossHs, 
many of them identical with the forms of the marl, continued up the 

I Am. ,Jour. Sci., 3d ser., lRSl, vol. 21, p. 302. 
2 Trans. Wagner lust., 1887, vol. 1, p. 13. 

a Trans. Wagner Inst., "'Vol. 3, p. 125. 
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river to the farthet;t point reached by us." (Up. cit., p. 13.) Prof. 
Heilprin does not statt-' whether the marl was above the yellow stone 
or sand rock or l)elow it, or whether he regards tile latter as simply 
another aspect of the bed elsewhere preserved in the shape of marl. 
But if the yellowish rock was below the other, as the context seems to 
indicate, it might be identical with the Tampa limestone found both 
north and south of this locality at no great distance. However, this 
supposition is rendered doubtful by the fact that in a similar rock which 
occurred in the banks of Phillips Creek, flowing into 'sarasota Bay, 
Prof. Hcilprin found casts of Pecten madisonitts, P. Jeffersonius, and 
Area idonea? beside others which appeared identical with fossils of the 
:Manatee River rock. The bed on this creek rises at intervals to 2 or 3 
feet above the water. The fossils are in the form of molrls or impres
sions and poorly prt>served. At one or two points near the mouth of 
Phillips Creek this rock is seen to be overlain by 2 or 3 feet of compact 
coquina composed of triturated fragments of the recent shells of the 
coast. At vVhittakers, a point a few miles south of Hunters Point, in 
the northern part of the bay, a similar rock was noted, but without rec
ognizable fossils. These imperfect data indicate the most southern 
extension of the Chesapeake group which has yet been determined on 
the western edge of the Floridian peninsula. 

GENERAL DISTRIBUTION OF THE FLORIDIAN MIOCENE. 

The notes herewith given indicate that the older Miocene rocks sur
round more or less completely the original Eocene island or nucleus of 
the peninsula on the northwest, southwest, south, east, and northeast. 
On the north and north west they exist over a large area only in patches 
indicative of greater original extension, the connecting deposits having 
been removed by solution or erosion over much of this area. On the 
west they are for the most part submerged, the Eocene, except in the 
river valleys, reacl1ing to the Gulf coast. 

In the DeSoto basin t.hey are overlain by Pliocene and Pleistocene 
beds, but appear again in the eastern anticline, the mass of which, if 
our information may be relied upon, is probably mainly composed of 
Miocene rocks, of which the older series east of the ridge <lipcl rapidly
under the newer rocks, reaching a depth of probably more than 600 
feet at the present eastern margin of the peninsula. 

In the western part of the State, near the Appalaclticola River, the 
formations succeed each other regularly; the Eocene, old Miocene, 
Newer 1\rliocene, Pliocene, and Pleistocene appearing one after another 
as one passes from the State boundary south to the Gulf. The near 
approximation ofthe depressions occupied by the great Suwannee and 
the Okeefinolree swamps, and the beds of Miocene known to exist on 
the highest part of the watershed between them, point toward a sub
mersion in Miocene time of much of this region and the insularity of 
the area above.the sea to the southward. 
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During the Che. apeakc epoch northeastern Flodda must have been 
ul>merged aJI(l oYer five lnmdred feet of rocks belonging to 

Che apeake group were laid down in this embayment. A deposi
·on of str tta of this age went on aloug the whole Atlantic border at 

1 t a far ·onth a ·.I..~ake vVorth, though at present buried over much 
of this coast by Pldstoeeue deposits. .r-T ewer Micocene in the northern 
half of the peninsula appears on both sides of the older l\Iiocene ridge. 
In the central basin all(l to the south it is buried under Pliocene or 
later bed'; in thc~onthwest a siuglesma11 patch is known; in the west it 

u t nece sarily c.·ist, if at all, underneath the waters of the Gulf out-
ide of the older .1\Iioccne, a suppo.?ition to whieh the washing up of 

Ecplwra on !Joug K<'y len<ls a certain plansfbility. The pre:::;ervatiou 
of its shell structure indicates that the bed from which it came was 
under the'.::;ea, since no beds of Miocene rocks are known in this part 
of Florida, where rainwater has access to them, which retain the nat
ural ~trncture of their shell-fossils. On the other hand ~alt water does 
not ero<lc or di!:l8olvc the fossils in the same way, because at moderate 
depths it does not contain carbon dioxide in sufficient quantity. 

'rhl' Grand Gulf beds enter the State only in its northwestern extreme 
as far a·; known, and more information is urgently needed. 

'llle appearance of mammalian bones in the Sopchoppy limestone 
i111lil'ates the preservation of remains of warm-blooded yertebrates con
sidl'ral>l.v older tlla u those of the Alachua clays on the Peace Creek Plio
eellt' bed. It is likely that these bones are sirenian or cetacean, but too 
little is yet known to hazard any conclusions upon them. It is proba
bll' that the bones from the clays near Wakulla, whieh have acbie,red 
popnlar notoriety, are of later origin, perhaps Pliocene; but here, again, 
our information is deficient. · 

PLIOCENE DEPOSITS. 

Terrestrial fauna, the Alachua clays.-Later in this essa,y I shall 
endeavor to indicate all that is known to date of writing of the rna 'ine 
Pliocene beds of Florida, but there is another formation to be sp ken 
of wlli.ch has been referred by some authorities to the Upper ::\Iioeene, 
ttough regarded by others as late Pliocene or even Pleistocene. This 
comprises the deposits 6f clay containing bones of extinct mammalia 
which, in my report to the Director of the U. S. Geological Survey in-
188.3, I termed the Alachua clays. 

These clays occur in sinks, gullies, and other uepressions in the .M:io
cene, Upper Eocene, and later rocks of Florida, especially on the west
ern anticline in the higher portions of Alachua County, and along the 
banks of many of the rivers and streams. They appear in Alachua 
County to have been subjected to denudation after deposition, so that 
only those portions protected by their depressed. position in cavities or 
gullies of llarder rocks remain undisturbed. The clay is of a bluish or 
~rayish color and extremely tenacious, so that it is most difficult to dis-
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cover remains imbeddedjn it. Dr. J. C. Neal was among the first to 
notice these remains and._ brought them to the attention of geologists 
in 1883. To his exertions and those of later collectors is due most of 
our knowledge of the mammalian fauna contained in them. The clays 
occur in patches, usually in depressions, but occasionally in short ridges 
whose lateral buttresses of limerock have disappeal'ed through the dis
solving agency of rainwater and carbon dioxide. These deposits are 
believed by Dr. Neal to have a definite relation to the margins of the 
ancient De Soto Lake which occupied more or less the synclinal trough 
eastward from tlte westward anticline. The rather limited opportuni
ties for observation which the writer enjoyed in 1885, while examining 
these clays, did not show anything to antagonize this view of Dr. Neal, 
which, however, requires more evidence to receive definite a~ceptance. 

The appearance of the bones suggests that the animals were mired and then torn 
to pieces by predatory carnivora. Ashes and burnt clay were found under some of 
the bones at Hallowell's ranch, but there is no evidence of any human agency in 
this. The fire was probably due to lightning, an every-day occurrence in Florida 
at the present time. The longitudinal splitting of the long bones sometimes ob
served may often be the result of the penetration and growth in the hollow of the 
bone of roots which might afterwards decay and leave no sign. I have observed 
roots penetrating the bones on several occasions. 1 

Among the localities to be noted are: In Alachua County, Mixon's 
farm, 10 miles south and 1i miles east of the railway station at .Archer; 
Hallowell's place, 10 miles north and 2 miles west of _the station; a pond 
about one-fourth of a mile from the station; another in the vicinity of 
Mixon's, 2 miles northwest of the first; a ditch about 2-2- miles west of 
Gainesville; a spot where the railway crosses the Santa Fe River, near 
Gainesville; 1 mile north of Gainesville, on the N ewnansville road, in 
a ditch dug for a mill race; and Owen's, nearer the town. Other lo
calities are: Clay Landing, on the Suwanee River, near Fort Griffin, 
Levy County; Rocky Creek (old Tampa Bay), Hillsboro County (Bison 
latifrons); Philipps' quarry, Ocala, Marion County. 

At Arcadia, on Peace Creek, Manatee County, and some points on 
the upper Caloosahatehie River, Monroe County, and also in "' akulla 
County, similar remains have been found, associated with phosphatic 
gravel or nodules in the beds of streams, which ha.s been segregated 
from the material of the banks by the action of the water much as in 
the South Carolina Pliocene or Pleistocene, where vertebrate remains 
are associated with nodules of phosphate of lime sufficiently rich t{) 
have resulted commercially in an important and well known industry. 

In the case of the South Carolina remains, as it appeared to have 
been of late conceded that they are derived to a greater or less extent 
from geological horizons outside the limits set for this essay, though at 
one time supposed to be of Pliocene age, we have not attempted to 
consider them. But, in the case of the Floridian vertebr~te fossils, 
more doubt I:ras been raised by the fact that one, a.t least, of our most 

IDall, Am. Jour. Sci., 3d ser., 1887, vol. 34, p. 165. 
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distinguished vertebrate paleontologists has repeatedly asserted his 
belief in their Miocene or Pliocene age, though they have by others 
been referred to the Pleistocene, like most of those from South Caro
lina. 

For this reason it lias seemed desirable to state the fact~ upon which 
these different opinions are based, as understood by experts in verte
brate paleontology. 

The specimens from the Alachua clays identified by Dr. Leidy are of 
the following species: 

RhinoceTos proterus 1 
Mastodon floridanus 
Megatherium sp. 
Auchenia major , 
Auchenia ·rninor j From Archer. 
Auchenia minima 
Cervus ( virginianus?) 
Hippotherium ingenuurn 

Rhinoceros p1·oterus l 
Mastodon floridanus 
Hip_potheriun~ ingenuum ~ 
Hippotherium plicatile j' 
A ·uchenia major 

} 
Elephas columbi 
Equus jraternus 
A uchenia minima 
M achairodus jl01·idanus 

From Mixon's, 10 miles east from Archer. 

From Ocala, Marion County. 

The following specimens have been obtained from a bed which extends 
for miles along the banks of Peace Creek, Manatee County, near 
Arcadia. · 

Tapirus american·us. 
Elephas columbi. 
Mastodon sp. (not M. floridanus). 
Hippother·ium ingenuum. 
Equus fraternus. 
Bison amer·ioan·us. 
Cervus virginian/lB. 
Megalonyx }effm·sonii. 
Chlamydotherium~ H'ltmboldtii. 
Glyptodon sp. 

Hoplophorus euphr-actus. 
Manatus antiquns. 
P1·iscoclelphinus sp. 
Emys euglypha. 
TTionyx sp. 
Ettpachemys sp. 
1'estudo 01·assiscutata. 
Alligator miss·issippiensis, and. a variety of 

fish remains, including teeth of Ca·r
charodon, Galeoce1·do, M.'IJliobatis, etc. 

From the Pliocene beds of the Caloosahatchie were obtained: 

Bison latij1·~tns. 
Elephas columbi. 
Equus j1·atm·nus. 

In regard to the equivalence of this fauna, assuming it to be all of 
one epoch, which is still to be determined, Dr. Leidy writes that ·he has 
not yet come to any final conclusion, but thinks there are no species 
identical with those of the Loup Fork horizon. The three forms of 

Bull.84-9 
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A uchenia according to hjm " seem to belong to Palmolarna, founded by 
Gervais on remains from the Pampean formation of Buenos Ayres." 
A specimen once obtained fi·om Virginia, and at that time referred to 
Procamelus, Dr. Leidy now thinks "more nearly related to the liviug 
A uchenia." In regard to the latter Prof. Cope states that its strati
graphical provenance is doubtful, and it can not be positively stated 
that it came from the Miocene of Virginia, as was once supposed. 

In regard to the remains from the Alachua clays, Prof. Cope fur
nishes the following note: 

The vertebrate fauna [referred to] presents a mixture of species and genera 
which are found in the West in two different horizons, viz, the Loup Fork awl 
Equus beds. This may be seen by the following table of comparisons: 

Loup Fork. 

Machai1·odus catocopis Cope. 
Rhinoceros ( .A.phelops) jossiger* 

Cope. 
Rhinoceros ( .A.phelops) malacor

hinus Cope. 
Hippothe1·ium occidentale Leidy. 

P'liauchenia vulcano1·um* Cope. 

Pliauchenia humphreysiana* 
Cope. 

Flo1'ida. Equus Beds. 

Glyptodon petalijerus Cope. Glyptodon petalijents Cope, 
Ohlamydotherium httmboldtii 0. humboldtii Lund. 

Lund. 
Machairodus floridanus Leidy. 
RhinoceroB ( .Aphelops) proterUB* 

Leidy. 
Rhinoceros ( .Aphelops) longipeB 

Leidy. 
Hippotherium princeps Leidy. 
Equus major De Kay. Eqtims major De Kay. 
MaBtodonfloridanus* Leidy. Mastodon serridenB* Cope. 
Pliauchenia major* Leidy. 
Plia~whenia media Leidy. 
.Pliauchenia minor* Leidy. 

A few of the other described species do not throw any light on the question of age. 
Those marked with an asterisk are not yet shown to be distinct from the correspouu
ing species of the other horizons. It thus appears that six species are allied to or 
identical with as ma,ny of the Loup Fork horizon of the West, while four are char
acteristic of the Eq n ns beds of the East, of Texas and of South America. The epoch 
they represent is then probably between the two. 

It would be presumptuous to attempt to decide so recondite a matter 
in the presence of two such experts as Drs. Leidy and Cope, but it 
will not be amiss to point out that .both their conclusions, though dif
fering somewhat, agree in referring the epoch of the Floridian mam· 
mals to a period related to the Equus beds or Pampean formation, and 
perhaps somewhat earlier. 

The relat~ons of the clays to the Pliocene Lake DeSoto, if Dr. Neal's 
hypothesis be confirmed, and the presence of some of the species in the 
undoubted Pliocene of the Caloosahatchie and the Pliocene age of the 
Peace Creek beds, all point in the same direction, and, while the deter
mination of the precise epoch of the deposition of these remains in the 
clays may be regarded as still a desideratum, we may be permitted to 
conclude with some confidence that at least they are not Miocene. 

Peace Greek bone bed.-In view of the differences of opinion in regard 
to the age of the mammalian remains of Florida, the writer, in .Janu
ary, 1891, decided to visit the Peace Creek region, believing that there 
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an opportunity might be found for observing an interstratification of 
the m :- i'c beds with those containing the mammalian remains, and 
that thus the age of the latter, relatively to the marine beds, might be 
positively settled, at least as far as the Peace Creek bed is concerned. 
This anticipation proved to be well founded, and the visit was com
pletely successful in its object.1 

Some account of the condition and relations of the earlier Pliocene 
strata and their geographical distribution in Florida )Vill follow under 
the head of Marine Pliocene beds. For the present it is only neces
sary to state that the "pebble phosphates" of Peace Creek are derived 
from the reduction into gravel of (1) a phosphatized and altered lime 
rock, and (2) of fragments of bones, teeth, and other vertebrate re
mains, which generally, in addition to the phosphate of lime they natu
rally contain, have been subjected to the same conditions as the lime 
rock above referred to, on which they originally lay or in which they 
were more or less imbedded. 

Arcadia marl.-In the case of the Peace Creek bed the phosphatized 
rock in or over which the bones are situated is exposed in the bank of 
the river, in situ, near the mouth of a brook known as "Mare Branch," 
which enters Peace Creek from the east, about 6 miles north of Ar
cadia. The same rock is also vi~ible along the branch, at several points, 
but there it is generally at or below the surface of the water in the 
branch and less easily inspected. 

At the edge of Peace Creek the section exposed was as follows : 

1. Humus and white saud ...... ---· .......•. . . ------ .... --·· .......•........ 
2. Yellow sand __ ..................... - .... -.............. - ........ __ ...... . 
3. Peace Creek bone bed, phosphatized rock with bones (about) ........... . 

4. Arcadia Marl { 
Yellowish sandy marl, to water's edge ....... _ ......... _ .. _ 
The same, under water (about) ........................... . 

Feet. 

lt- 6 
6 -10 

1 
3 

3-6 

The sandy strata a,bove are the two beds of siliceous and argillace
ous sand common to a great part of the peninsula. Varying in thick
ness along the creek the two, combined, will average about 1~ feet in 
thickness. 

The phosphatized rock is a calcareous sand rock, originally light col
ored) but here blackened, or of various shades of gray or dark brown; 
it contains numerous imprints of shells in rather poor preservation, but 
which exhibit several distinctively Pliocene species, such as Area rus
tica, Turritella apical is, T. per attenuata, and Cardium florid anum, besides 
a large number of forms which are to be found over a wider range. No 
trace of any characteristic Miocene species was to be found, though 
several species appeared which are common to both Miocene and Plio-

J For facilities extended, information furnished, and various other courtesies, the writer is indebted 
to nnml:'rous gentlemen, resident. or interestr.tl in the region, and especially to Maj. M. T. Singleton 
and Pre,;ident M. F. Knudsen, of the Peace River Pho~phate Company, of Arcadia; Mr. G. W. Land 
and Mr . .r. H. Tatum, of Bartow; Mr. F . .r. La Penotiere, of Tampa, and .Mr . .Tames Willcox and 
Supt. I. T. Beeks, of Orlando. 
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cene, as well as the recent fauna of the region. I have no doubt that 
this is the same rock which was obtained by Mr. Alonzo Cmdery, with 
the shell impressions much better preserved, a little farther north from 
the Charlie Apopka River (sees. 2 and 3, T. 36 S., R. 25 E.), where, how
ever, it is not phosphatized. 

I . do not hesitate to refer this rock to the older Pliocene, a horizon 
somewhat lower than that of most of the Oaloosanatchie beds, but con
taining a nearly identical fauna as far as it goes. 

The mammalian bones at this point appear to lie on this stratum, and 
where it is broken up, as is most commonly the case, are mingled with 
its fragments and blackened in the same way. The fish remains are 
found lower down as well, but I found no evidence of any mammalian 
bones in the marl below the phosphatic rock. On a low point of beach 
where the bank showed the best exposure of the rock, the shore was 
blackened with fragments of the rock, mixed with an astonishing num
ber of pieces of bone, largely fragments of ribs. Nothing could more 
clearly indicate the great number of the animals which found a :final 
resting place here. 

The marl which underlies the thin bed of phosphatic rock comprises 
a putty-like mixture of lime and sand, with minute phosphatic pebbles, 
a few small shark's teeth, and obscure prints of Ostrea, Spondylus, and 
other bivalves. 

This marl, when exposed to the air, away from the water, rapidiy 
hardens, sometimes forming a very hard and brittle rock, which 
splinters and rings almost like chert under the hammer. Nothing was 
'observed in it to cause a doubt of its belonging to the Pliocene series. 

The pebble phosphates of Peace Creek are derived almost exclusively 
from the worn fragments of this dark-colored rock and its associated 
bones. 

Oyster marl.-At a point on the west bank of Peace Creek, 3 miles 
below Mare Branch, and about the same distance north from the bridge 
at Arcadia is an old landing, generally known as Singleton's Landing, 
just below which is a low flattened point of the bank called by Maj. 
Singleton Shell Point. This point would be covered at the stage of 
high water, but at the time of my visit presented the following section: 

Feet. 
1. Humus and white sand.---------------·-----· .............................. 3-5 
2. Yellow saud (indurated)................................................... 3 
3. Oyster marl (in part subaqueous) ........................... _ ......... __ .... 2-4 

This oyster marl is the remnant of an old oyster bed containing the 
same oysters, barnacles, and Pectens, which abonud in the Oaloosa
hatchie beds. It is unmistakably later Pliocene aud occurs with the 
same stratigraphical relations over a wide area of the Peace Creek 
drainage. Near Zolfo Springs it overlies the phosphatic stratum, but 
everywhere contains material, such as bones, phosphatic pebbles, casts 
of older Pliocene shell fossils, etc., derived from the beds below it. 
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this way we have finally fixed the position of the Peace Creek 
bed, between an older Pliocene rock betow and a newer Pliocene 

above, thus settling its Pliocene character beyond question. The 
.-vvo.LJLU age of other beds containing similar fossils, such as the Ala

clays and the river phosphate deposits of other parts of Florida, 
well as Georgia, South Carolina, etc., may reasonably be inferred 

the preceding conclusion, though it must not be forgotten that in 
solution or denudation of beds of different horizons their harder 

ts, such as bones and teeth, would remain associated in a het
erogeneous assemblage, offering in some cases problems which greater 
knowledge than we have at present is required to solve. 

Pliocene lake bcrls: Lake De Soto.-The whole question of the existence 
of a Pliocene lake or series oflakes, is obviously at present in a hypothetic 
sta~e, yet such evidence as there is points strongly in this direction. 

The trough-like form of the peninsula, the present existence of at 
least two principal aggreg·ations of small lakes in the axis of this trough, 
and of the analogic Lake Okeechobee, illustrating the same geologic 
processes in action on the same line farther south; the kame like 
mounds and ridges of the yellow sand, erected on the relatively level 
floor of this trough and molded as if by aqueous action, the existence 
of what appear like marginal beds of clay, as suggested by Dr. Neal
all these facts s~m very suggestive. 

The northern focus of this supposed ancient lake area would seem to 
have been in the vicinity of Orange and Santa Fe lakes; the southern 
focus somewhere near lakes Harris and Apopka; the area thus roughly 
indicated being now drained by the Withlacoochee, Oklahwaka and 
Santa Fe rivers. A watershed divides this area from the Kissimmee 
basin to the south. In harmony with Dr. Neal's theory of the mar
ginal clays, we find this watershed marked in many places by a stiff, 
red clay, which is cut through by the railroad at Bartow Junction and 
at many points along the line between Bartow Junction, Lake Haines, 
Haines City (one of the highest points), and Kissimmee. 

The Kissimmee basin, centering about Lake Hamilton and now con
nected by canal with the Okeechobee system, illustrates a second stage 
or duplication of the features we have referred to in connection with 
the more northern area. It is now drained to the south and west, and 
would seem, from its lesser elevation, never to have attained the soli
darity and importance as a fresh-water area which we are inclined to 
claim for the De Soto basin. 

In Lake Okeechobee and its surroundings, with the clayey deposit 
which is so characteristic of the fields of "sawgrass" by which it is 
encircled, we seem to have an exponent of the processes which, at an 
earlier period, characterized geologic action in the more northern basins. 

Sand mounds of the Lake Reg-ion.-It must especially be noted in 
considering these supposed lake basins that the mounds and ridges, 
chiefly of yellow sand, which diversify the present land surface, do not 



13~ THE NEOCENE OF NORTH AMERICA. [BULL. 8t 

reflect, as a rule, any similar irregularities of the rocks beneath. One 
of the geologic features most strongly insisted on by the well drivers 
and prospectors for phosphate, of whom the writer interviewed so 
many, is that the rocks below these bodies of sand are practically hor
izontal. In order to reach the rock on one of these sand hills, one 
must bore through practically the entire height of the hill~ wllile near 
one of the depressed lakelets at a short distance away the rock will be 
found correspondingly close to the surface. This, of course, does not 
refer to the more general changes of level offered by the gently rising 
J.nain anticlines of the peninsula and their intermediate synclinal de
pressions. 

The form of the mounds of yellow sand, if referable to current action, 
would seem to indicate that the main lowering of the water in these 
ancient basins, tllongh brought about, in all probability, by slow and 
geutle changes of level in the land, finally took place with some sud
denness, as by the removal of some barrier of sand or clay which up 
to that time had held the waters in confinement at a higher level. Here 
again our information is too scanty to justify dogmatism. 

PIIOSPHATIC DEPOSITS. 

General jea.t'l.tres of the beds.-Although the presence or absence of 
phosphoric acid in combination with the lime rocks of Florida is a 
chemical and accidenta1 rather than stratigraphical phenomenon it 
would seem, in view of recent economical developments, advisable to 
include some notice of the manner in which this combination presents 
itself. The remarks here offered must be regarded as merely provi
sional and preliminary, as a thorough investigation of these deposits 
by thoU. S. Geological Survey has already been organized, tnt from 
which we can hardly expect" results ·in time to be utilized for the pur
poses of this essay. 

Notes on the phosphatic beds would seem perhaps to be as properly 
in place here as anywhere in this paper, since, though the process of 
pllospllatization has doubtless been more or less active since tile first 
elevation as an Eocene island of any part of Florida above the sea, 
yet those deposits which are of most commercial importance seem to 
have been formed in Pliocene time, or at all events, subsequent to the 
deposition of the older l\Iiocene and Pliocene rocks, and are certainly 
anterior to the later marine Pliocene beds. 

While the association of Pliocene bones and teeth with the phos
phatic lime rock either bedded or in pebbles is very general, it is merely 
accidental. The bones occur in many localities where the rocks are not 
phosphatic, and phosphatic rocks are by no means in variably bone
bearing. The natural phosphate of lime included in the fossil bones 
has no necessary connection with the phosphoric aci<l combined with 
the associated lime rock. In some cases, as on Peace Creek, it is ob
vious that a bed of rock over which bones were more or less scattered 
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ubjecterl to influences which have added phosphoric acid and 
iron to both bones and rock Rimnltaneously. 
ea es it seems reasomtble to conclude that the extraordinary 
of phosphoric acid which appears in certain, localities, and 

the beds commercially valuable, has been derived entirely from 
source~l probably in the shape of rookeries of birds or seals 
gregarious auimal8, whose dung afforded the acid in question. 

material was very probably carried into the subjacent porous lime 
nearly as. fast as it was deposited, since there is no reason for 

Boobting that Florida has always beeD a rainy region during certain 
..,..,i't1fms of the year. 

The local charaeter of such rookeries woul<l determine the local oc
~'1111T1em:e of phosphate rock, whose irregularities in this respect are 

torious. The different forms under which the phosphates now pre
sent themsl'lves would result from the different constitution of the rocks 
upon which the rookeries were originally situated; the difference in 
elevation and dl'yness or accessibility to occasional incursions of brack-
ish or salt water; the existence or nonexistence of some subterranean 
water table in the particular localities; and subsequent solutionary or 
erosive action upou the rocks thus modified. The material of such 
rocks rearranged into later strata would preserve a certain proportion 
of phosphoric aeid, even though no subsequent additions of that sub-

• stance were received by the ne·w beds. A tendency under certain cir
cumstances for the phosphatized lime to concentrate in nodules, or as 
shells over harder nuclei, is very marked. In this process it would 
seem as if the traces of iron in the rocks followed and joined with the 
phosphoric acid, since these nodular concretions are almost invariably 
darker colored than the rest of the rock, and, when subjected to river 
action, frequently become blackened by the resulting chemical action on 
the contained iron. 

As argillaceous veins or sheets in the lime rock would check the 
percolation of the rain-water bearing phosphoric acid and give it more 
time to act on the lime about it, it occurs that the accumulation of 
phosphatic matter is apt to be larger in the vicinity of such clayey 
material. 

To their g·enerally rather impervious and argillaceous character is 
probably due the generally phosphatic character of the Hawthorne 
beds, which has been previously referred to. 

The phosphate-bearing rocks of Florida may, without reference to 
their chemical constitution, be provisionally classified by their outward 
appearance under several heads. It may be premised that the phos
phatization of a rock seems to tend to obliterate the fossils in it, espe
cially when the latter are in the form of casts. Rock well known to 
contain usually abundant fossil impressions, in places where it is 
thoroughly phosphatized will hardly present any trace of organic re
mains, other than bones, if the latter are present at all. Phosphatiza-
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tion increases the hardness and insolubility of lime rock; the most 
phosphatic portions are the hardest, other things being equal. There
fore, in tpe natural attrition of river gravels, originally derived from 
phosphatic rock, the mechanical action of the current on the gravel 
segregrates the more valuable (harder) portions, wearing away the 
less phosphatic and softer parts, and thus naturally accomplishes a re
sult for which no suitable machinery is likely to be devised. To this is 
due the uniformity in quality and high average of the "river" or" peb
ble phosphates," now extensively mined in south Florida river beds by 
a process of dredging and screening. 

Floridite and phosphorite.-There are two main varieties of phos
phatic rock in Florida. One, which so far seems to be exclusively con
fined to the area of the old Eocene island on the western anticline, has 
been producoo by the modification of rocks belonging chiefly to the 
Vicksburg or nummnlitic group. The phosphatic rock of Florida is 
chemically an impure massive apatite which has been called phosphorite 
and the Dnnellon ·variety fl.oridite. 1 The latter is generally soft, pale 
yellow or white in color~ light in proportion to its bulk, amorphous in 
fracture, uniform in texture, and presents no traces of organic remains, 
even when the nummulitic rock of which it is a modification was origi
nally little more than a mass of foraminifera. The segregation of this 
mineral in masses by itself seems quite as likely to be the result of 
chemical as of any other circumstances, and specimens in which the 
original organic eharacter of the rock has not been entirely obliterated 
are sufficiently common. It would be unreasonable to suppose that 
large masses of guano could accumulate under the circumstances which 
are known to have existed in Florida. Neither the dry climate nor the 
impervious substratum, one or the other of which would have been 
necessary to the preservation of guano as such, were present in the lo
cality where the fl.oridite occurs. It seems likely, however, from the 
geologic and geographic distribution of this mineral, that its genesis 
was not entirely unconnected with the elevated site, free drainage, and 
notably absorbent rock which the old Eocene island afforded. This 
area must have been dry land most of the time since the older J\iiocene 
epoch, since no deposits of later date occur upon it except in connec
tion with the supposed Pliocene lakes, or along the channels of the 
rivers. 

Other phosphates.-The other forms of phosphatic rock, which may be 
grouped under the general term phosphorite, are usually mofli:fications 
of the Miocene or older Pliocene limestones. They comprise: 

1. Lime rock phosphatized in place, a variety that is not abundant and 
often seems rather barren in phosphate of lime. (Ex.: Hawthorne beds, 
bed of Peace Creek.) 
• 2. Fragments of phosphatic rock united in a softer, geologically later, 
limy matrix, itself not phosphatic.~ This variety is hardly more valuable 

1 E. T. Cox, in .A.m. Naturalist, Dec., 1890, vol. 24, pp. 1185-1186. 
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though more common than the preceding, and is apt to be uneven in 
character. (Ex.: Devil's Millhopper at Gainesville.) 

3. Segregated gravel or pebbles of phosphatic rock united as above by a 
softer matrix.-This having been subjected to a natural process of se
lection by mechanical forces is of a better quality than the unworn con
glomerate (No. 2) and therefore more valuable. The same hard pebbles 
have been in many cases repeatedly. consolidated in a matrix of softer 
lime, released from it by the action of water and reconsolidated into 
a later bed, a process which it would seem will only cease with the 
complete destruction of the pebbles by wear. (Ex.: Yellow marl of 
·peace Creek and the Alefia River.) 

4. Nodular phosphate rock, produced by the alteration and rearrange
ment of the lime rock particles into concretionary phosphatic nodules, 
united by a softer matrix of less phosphatic lime. This variety occurs 
in masses or bunches of great irregularity, though often individually 
rich. This is the "rock phosphate" of many of the prospectors. The 
lime is often deposited over cavities in the rock in a drusy layer. The 
nodules are so poorly united by the softer matrix that a large mass can 
often be rubbed into a sort of gravel between the hands. A machine 
has been invented for doing this and segregating the nodules. Owing 
to a want of uniformity in percentages of phosphoric acid and the very 
irregular distribution of the larger masses in the soil, the prospects for 
the utilization of this variety of phosphates seem somewhat less prom
isiug than for the floridite or the "pebble phosphate" deposits. This 
variety appears to be more widespread in Florida than any other and 
occurs in rock of every age from the Eocene up. The nodules or peb
bles which it contains, though similar in shape, are not the same as the 
phosphate pebbles obtained from the river beds of the Alefia and Peace 
Creek and are very much less uniform in quality. (Ex.: Some Bartow 
rock phosphates.) 

5. Gravel or sand, itself not phosphatic, but coated with and united by 
a phosphatic matrix.-This variety is not uncommon, and. is said occa
sionally to have a local value as a fertilizer. The matrix appears to be 
derived from the disintegration of antecedently phosphatic rock. These 
oolitic, sometimes pisolitic, rocks are usually of very recent formation, 
often Pleistocene. (Ex.: Rock Island, Lake Monroe.) 

6. Pebble phosphate:-This results from the action of rivers upon the 
other varieties of rock, reducing them, as well as any bones or teeth 
they may contain, to gravel. The hardness and value of contained 
phosphate, being relatively proportional in a general way, the older 
gravels will contain, on the whole, the best material, which is usually 
derived from varieties 1 and 2 and their associated vertebrate remains. 
The pebbles are screened and dried, after being dredged from the river 
bottom by a centrifugal pump. They are then exported for conversion 
into soluble phosphates for fertilizers. Examples of this variety may 
be found in the river deposits of almost any part of Florida, but especi-
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ally, as far as we know at preseut, such rivers as the Ale:fia and Peace 
Creek. Rivers in which the banks are compm;ed of material geologic
ally later than the older Pliocene do not afford the pel.Jble phosph<ltes, 
and the richne-.ss of others in tllis variety of the mineral will doubtless 
be found to be measurably connected with the development of old Plio
cene strata along their banks. 

River phosphates.-In an article on the "Phosphate Beds of Florida'' 
Prof. Albert R. Ledoux 1 speaks of the phosphatic nodules with which 
the Peace Creek rem1ins have been statecl to be associated, and 
states that "in appearance and composition this phosphate differs yery 
little from the South Carolina material. They are identical'' ( op. cit., p. 
176). He also notes that "the Fforida deposits may be divifled into 
two distinct classes, one, 'the river deposits,' almost resembling in 
quality and manner of occurrence the South Carolina bed~, and the 
other ffloriclite] totally difi'erent." The depm~its of the first claRR, be
side those above mentioned on Peace Creek, include others in Wakulla 
County, in the north, several points on Tampa Bay, the b;:tsin of tLe 
Alefia River, and even in the vicinity of Fernandiua. Many years ago 
the officers of the U. S. Coast Survey called attention to the occurrence 
of such phosphatic nodules and vertebrate remains in the outlets of 
several of the western creeks and rivers of the State, but thPy attracted 
little attention except as curiosities. Experts representi11g tlle Ullarles
ton phosphate interests are said to have reported that, owing to the 
difficulty of access and expenses attending the collection of the ma
terial from these deposits, the South Carolina article need not fear any 
very immediate competition from this direetion. 

At present, however, the Charleston interests are investiug larg('ly 
in this region, and numerous other companies have secured territory 

· which they are either working· or about to develop. At one place, 
Zolfo Springs, the principal corporation concerned in the business not 
only gets out the "pebble phoE:phate" and prepares it for exportation, 
but manufactures soluble phosphates for local use as fertilizers. 

It forms no part of the writer's plan to detail the commercial devel
opment of these interests, which, moreover, is so rapid in its progress 
that any account in this place would become obsolete before it could be 
made public. At the time of writing, however, it may be desirable to 
state that the production of dry phosphatic gravel from Peace Creek, 
dredg·ings is estimated to be about two htllldred and fifty tons a day 
A rather full account of the business in Florida, from its economic side, 
by Dr. J. Shrader, has recently been issued by the Courier-Informant 
newspaper office at Bartow, :F'lorida.2 

As we ascend the Peace Creek drainage system toward its head the 
pebble phosphate, in the beds of streams comprising the Rystem, nat
urally becomes less abundant in proportion to the smaller size and 

I Eng. and Mining Jour., Feb. 8, 1890, vol. 49, page 175. 
2 Florida. The Underground Wealth and Prehistoric Wonders of Polk and De Soto counties. 

Bartow. 1890. 34 pp. so. 
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inferior mechanical efficiency of these streams. Hence, in the peripheral 
portions of the basin attention has been chiefly directed to the varie
ties of phosphatic rock which, lower down, have been subjected to the 
segregative action of wear by the current. On the other hand, on the 
.A.lefia River it would seem from the few data accessible that the lower 
part of the basin cuts through old Miocene rocks, while the upper part 
is situated in a newer Miocene or older Pliocene area. Consequently 
the deposits of pebble phosphate in this basin are richer at some dis
tance above the mouth of the river than they are in its lower reaches. 

Floridite deposits.-These deposits are described by Prof. Ledoux as 
follows: 

At present, for a description of the new discovery, we can confine ourselves to the 
Gulf counties south of \Vakulla and north of Tampa. There seems to be also a 
gradual concentration towards a center well defined and whose area at this writing 
may be defined by a circle whose diameter is 30 miles and whose center is near Her
nando, in Citrus County. This includes Dunnellon on the north and Floral City on 
the south and is roughly bisected by the \Vithla<!oochee River from southettst to 
northwest. * * * In this area it seems that almost anywhere a pit or auger will 
reveal phosphate. In no pit or opening that I visiteU. in that section did I fiud it 
entirely absent. * * * The phosphate is found at varying depths below the sur
fa~, sometimes within 2 feet and sometimes 10 or 12 feet down. In sinking a pit it 
is sometimes difficult to tell where the clay ends and the phosphate begins; they 
shade into each other, at times gradually, at other times the clay is entirely absent, 
the sand being the only thing between the surface and the valuable mineral. \Vhen 
wet they are dark or light yellow, but usually a dazzling white when dry. The 
thickness of the beds is very variable. There is nothing to indicate it on the sur
face; it may be a few inches, or 10, 12, or 16 feet of solicl mineral. * * * Prof. 
W. P. Frost states in a description of the Dunnellon field that "I myself saw an 
auger bored16 feet into this stuff without going through it; jt remained of the 
same consistency throughout, perfectly smooth and free from grit. "" The 
natives, who are ignorant men, not knowing the value of the material, testified that 
they had seen wells dug 60 fee~ through this material to reach water-bearing strata." 
He estimates for the Dunnellon field that 3,000 acres (out of 13,000) are und.erlaid by 
the mineral, which occurs in ridges and pockets, running by his analyses 50 to 65 
per cent and averaging between 55 and 60 per cent. 

Prof. Ledoux personally observed material of a somewhat different 
sort occurring in Citrus County, a mile southeast of Rutland post-office, 
where, by sinking pits, phosphate in numerous nodules or masses, not 
in place, was discovered in the sand, making up fully one-third of the 
materjal excavated below a depth of 3 or 4 feet from the surfac.e. 
These masses were of a yellow color and quite hard. These would 
seem to resemble the material at the Devil's Millhopper, elsewhere 
referred to as composed of fragmentary masses of the phosphatic Mio
cene rocks of the Hawthorne beds. 

It is impossible for the most experienced person, according to Prof. 
Ledoux, to tell by the eye alone the difference between the white car
bonate of the lime or phosphate, or between the calcareous clay and 
cream-colored phosphate. 

He calls attention to the necessity of discriminating, in analyses, 
between the sand and clay mechanically mixed with the phosphate of 
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lime and the chemical silicates and phosphates of alumina, which are 
commercially worthless. 

A surface indication, which is considered of value by some experts as 
pointing to the presence of phosphates below the soil, are masses of 
flint or siliceous rock protruding from the surface. "The area of the 
beds is sometimes defined from curious bowlders and masses of a hard 
phosphate rock, white or yellowish white, which has stood weathering 
remarkably, and which is quite rich in phosphate." 1 

It may be premature to venture on an opinion of the age· at which 
the phosphoric acid so marvellously preserved in these beds was 
deposited on the soft calcareous rocks which have furnished the lime. 
It may not be amiss, however, to point out certain facts which appar· 
ently have a bearing on this question. The phosphatic character of the 
Hawthorne beds would indicate that the source from which this phos
phoric acid came was later than the deposition as lime rock. The rocks 
of the Chattahoochee group afford very nearly the soft and absorbent 
surface which would best appropriate the valuable element from fresh 
or rain-washed excreta, such as we may imagine were the source of 
the Florida phosphates . 

.At the upper part of the Orthaulax bed, which overlies the Chat
tahoochee group at the southern edge of the phosphate area, the pres
ence of a large land-shell fauna (initiated in the last days of the Eocene 
Ocala beds) shows that a considerable area had by that time become 
dry land with fresh-water ponds and knolls elevated above any tide. 
This land must largely have presented a surface of the Eocene nummu
litic or Miocene Chattahoochee group rocks, and would afford an ad
mirable locality for rookeries of birds or other guano-producing crea
tures. The character of the land fauna of the Orthaulax bed shows 
that it was derived from the south and not from the north, and the dry 
land of Florida may have borne to the Miocene continent much such a 
relation as the Bahamas islands and lagoons do to the present peninsula 
of Florida. 

It seems, then, as if the facts pointed toward a more or less continu
ous deposition of phosphoric material between the older Miocene and 
newer Pliocene epochs, which was absorbed by the subjacent roclu;, 
and which, preserved there in large masses, has furnished to later, even 
to actually forming, rocks in Florida the more or less evident traces 
of phosphoric acid which many of them present and which can hardly 
have been wholly derived from more recent sources of supply. 

MARINE PLIOCENE BEDS, 

The discovery of genuine Pliocene fossiliferous beds in south Florida 
is of comparatively recent date. It may be said, indeed, to date from 
the time when the Okeechobee Canal Company endeavored to extend 
the area of the rich hammock land about the lake by reducing its area. 

'Ledoux, op. cit., pp. 176, 177. 
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The latter was to be brought about by cutting drainage canals, and the 
explorations of the upper Caloosahatchie necessary to this end brought 
some intelligent people to a point where they could not avoid seeing 
the remarkable fossil shells of which the banks are so full. Some refer
ence to this had appeared in a popular article 1 in one of the magazines, 
and among the ear11est modern explorations recorded was that of En
gineer J. L. Meigs in 1879. But the scientific exposition of these beds 
begins with the report by Prof. Heilprin of the results of the party led 
by Mr. Joseph Willcox and fitted out with the cooperation of the 
Academy of Natural Sciences and the trustees of the Wagner Free 
Institute of Science, of Philadelphia, in 1886. This report was printed 
in the first volume of the Transactions of the Institute, published in 
1887. In the winter of 1886 and 1887 Mr. Willcox revisited the locality 
in company with the writer, and a third time subsequently. A de
scription of the fauna of these beds has been begun in the third volume 
of the Wagner Institute's Transactions.2 

Older marine Pliocene beds.-More recent observations by the writer 
and others have resulted in showing that between the epoch when these 
beds were deposited and a subsequent similar, vastly more extended, 
but probably not vertically great depression, there was a time when a 
moderate elevation brought large areas above the sea, when the thin 
sheet of newer or Chesapeake group Miocene, which had been laid down 
about the island of Eocene rocks formed by the western anticline of 
the peninsula, was more or less eroded, when the northern part of the 
median syncline was perhaps occupied by the Pliocene lakes, or Lake 
DeSoto, and when the innumerable Pliocene vertebrates wandered 
over the hummocks or left their bones in the tenacious mud of bogs or 
on the marshy borders of lagoons. 

The marine beds of the Pilocene, which were laid down before tllis 
time of elevation, in the main, as far as examined, do not show any 
marked difference in the invertebrate fauna when compared with the 
newer or Caloosahatchie beds. This similarity of fauna is in itself 
strong evidence in favor of the moderate character, both in duration 
and vertical range, of the changes of level referred to. A very large 
area in central and southern Florida was probably covered by this 

. older marine Pliocene. There appear to be t~aces of it at Clay Landing 
and other points on the lower Suwanee River, and it is not unlikely 
that the whole great Suwanee swamp region may be underlaid by it, 
as well as the De Soto lake area. There are traces of it in the rocks 
of the upper Alefia, but farther to the west and north, on the Hills
boro, so far as known, if any of this rock was deposited it has since been 
removed. I incline to the belief, however, that the Hillsboro region, 
from its relation to the great western anticline, was not depressed below 

1 Which tbe writer of this essay reacl at the time and remembers, but has since been unable to trace. 
2 Contriuntious to the T ertiary fauna of Florida by W. H. Dall. Part I, Pulmonate, Opisthobranch

iate and Orthodont Gastropods. Aug., 1890. 4°, 200 pp., 12 pl. 
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the sea during this part of the Pliocene. The "pebble phosphates" 
the upper Alefia, like those of the Peace Creek ba~iu, are, as far as 
observed, entirely of this rock, and on the Alefia researches llit 
made have failed to find the subsequent marine Caloosahatchie Pl 
cene represented. The writer has traced the older rocks in q 
up the Peace Creek basin to Bartow, where in one place it lies in 
stratum only 3 or 4 feet thick over a knoll of Eocene nummu 
rock, but in general is of much greater, yet undetermined, depth; 
phosphate rocks of the vicinity of Lakeland appear to be of this 
That it underlies the lake beds of the De Soto basin is probable 
indications afforded by borings for phosphate near Tavares, in the 
focus of that basin. The last traces on the northeast disappear at Or. 
lando, just beyond which the Miocene makes its appearance on the rise 
of the eastern anticline. 

To the south, along Peace Creek, this series of beds is covered by the 
newer marine Pliocene, at least as far as Zolfo Springs, but at Fort 
Meade the later beds would seem from report to be absent. The north
ern ·margin of the Caloosahatchie beds would therefore seem to lie 
somewhere between these two points. On the Charlie Apopka River 
(Sees. 2 and 3, T. 36 S., R~ 25 E.) the older rock is abundantly represented. 
It has not been phosphatized, and, therefore, presents its fossil impres-. 
sions in much sharper and better state than along Peace Creek; whether 
it is overlain by newer Pliocene on the Charlie Apopka is not yet known. 
On the Caloosahatchie and all the great southern region, owb1g to the 
very small elevation of the land, it is not known to crop out anywhere, 
the base of the Caloosahatchie beds themselves being below the level 
of the sea as far as yet k~own. It has, however, been dredged up from 
the channel of Tampa Bay at a depth of some 40 feet, while harbor 
improvements were in progress. 

Oaloosahatchie beds (Floridian of Heilprin).-As the Caloosahatchie 
beds are the original and typical exposure of the newer Floridian Plio· 
cene, our description of that formation will best be opened by an ac
count of the beds observed by the writer on that river in FeLruary, 
1887, when accompanying Mr. Joseph Willcox. 

Prof. Heilprin1 has informed us that the level of the bottom of lake 
Okeechobee will average· about 10 feet above the sea level, or is com
posed of a plain having 7-15 feet of elevation, with a depth in the 
greatest observed depression of 22 feet, but an average of less than 
half as much water over it in a dry season. Lake Hickpochee, between 
Okeechobee and the head of the Caloosahatchie River, now connected 
with both by canal, is supposed by Prof. Heilprin to have praetically 
the same level as Okeechobee. The canal, where it leaves Lake Hick
pochee to the west, on its way to connect with the Caloosahatchie, is 
stated by Prof. Heilprin to be 20-2~ feet above the sea level. He 
states that this is ''about 11 feet above the base of · operations near 

1Trans. Wagner Inst., Vol. I, p. 41. 
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Thompson." If this is intended for the water level, as the con
tindicates, it is probable that Prof. Heilprin was misinformed, as the 

depth of the river, considering the character of its bed and the volume 
of water, by no means corresponds to a fall of n~arly a foot to the mile. 
It is not improbable that there has been some confusion between the 
height of the land, which varies considerably, and the level of the 
stream. 

The Caloosahatchie River, in the proper sense of the word, begins at the north
eastern extreme of the long estuary which bears the name, some distance above the 
town of Myers. 

The banks at first are extremely low and screened by thickets of mangroves, which 
only disappear when the water becomes perfectly fresh. The land appears nearly 
level. As the river is ascended a close scrutiny shows that it cuts through a succes
sion of gentle waves, gradually increasing in height, inland, whose crests would 
show a. general parallelism with the direction of the peninsula of Florida, or trans
verse to the average course of the river. Near the headwaters of the river these 
waves of eleva,tion rise above the level of the river at low water, to a height of per
haps 12 feet a.t most, and their individual length from one trough to anotAer may 
average about one-qnarter of a mile. Though insignificant as :flexures, they are in
teresting as showing that a lateral as well as a vertical thrust has attended the 
movements of the rocks in this part of the State, a fact which has been questioned. 

The greatest elevation studied by us extends for several miles between the sites of 
the old forts Thompson and Denaud. At the former point the canal from Lake Okee
chobee enters the river, its bed being a compact silicified rock, which had to be 
blasted out. The succession of the strata is perfectly uniform, though the amount 
of their fossilferous contents varies. 1 

Just below the rapids at Fort Thompson the following section was 
obtained: 

Inches. 
1. Vegetable mold and sand ...•••...•...••• -------· ............................ 18 
2. Indurated sand with fresh-water shells, post-Pliocene . . . . . . . . . . • . . . . . . . . . . . . . 8 
3. Mixed marine and fresh-water shells, post-Pliocene ... __ ..•.... _ .... _ ..••. __ • 6 
4. Pliocene Planorbis rock, to the water's edge ........................ __ ....... _ 15 

The Planorbis rock which forms the lowest member of this section 
is the hard rock which was blasted in making the canal; it reaches a 
thickness of 3 f~Jet or more and overlies the so-called "Venus can
cellata bed," or upper stratum of the Oaloosahatchie marl~. In pre
vious reports no strict discrimination has been made beween the Qua
ternary fresh-waterindurated sand rock (No.1 of the preceding section), 
which is the youngest of all and found widely spread over the penin
sula, and the Pliocene Planorbis rock, which contains ouly extinct 
species or recent species also common to the Pliocene marl. I suppose 
that the "fresh-water limestone" which Heilprin refers to (op. cit., p. 33) 
as forming the bed rock of the canal is practically the Planorbis rock 
(more or less inclusive of the later rocks lying upon it as above), and 
this, according to Captain Menge, has been traced. ea:-;tward a consid
erable distance; disappearing about 3 miles west of Lake Hickpochee 
at a depth of 5 feet 2 inches below the level of the surface of the water 
in the canal. It probably extends much farther eastward, and has 

IDall, in Am. Jour. Sci., 3d ser., vol. 34, p.168. 
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been found by one of Mr. Eldridge's associates near the eastern coast 
of Florida, in about the latitude of the southern end of Lake Okeecho· 
bee. 

The same compact limestone, with the same species of Planorbis, etc., occurs near 
Hillsboro Bay, Tampa, and has been dredged in large masses from the channel by 
which the harbor of Tampa is entered. This shows a very wide extension of thiH 
deposit, the two localities being some 90 miles apart in a direct line. 

Two miles below the point where the last section was taken, the fol
lowing section (Fig. 22) was measured on the south bank of the Caloo
sahatchie: 

1 ~18". Sand and humus. 
2 .'·'r /:r.;._-. 18". Indurated yellow sand; no fossils. 

3 :~.,;;;; 2' . Sandy marl; Venus cancellata bed, with Bulla, etc. 

4 ---- -~- 3' • Compact marl. 

5 :~~.:: 18". Sand and marl. 

FIG. 22.-Section on the south bank of the Caloosahatchie River, Florida. 

Nos. 3, 4, and 5 are Pliocene, the upper layers probably Quaternary. 
A third measurement of the south bank, about 4 miles above Daniel'!:! 

place, afforded the following section: 
Inches. 

1. Fine white siliceous sand....................... . . . . . .. . .. . . . . .. .. . .. . . . . . . . 18 
2. Vegetable soil, with some sand; shows black.. . .. . • • . .. . . .. .. . . .. . . .. . . .. • .. 12 
3. Sandy marl, with Ven~tB cancellata; shows gray. 
4. Hard, eroded rock, with the same fossils; shows grayish. 
5. Soft yellowish marl, with the same fossils as No.3, but more lime and less sand 

and many worn siliceous nodules. Total (3, 4, aud 5). . . . . . . . . . . . . . . . . . . . . . . . 66 

The three lower layers grade into each other petrographically and 
have the same fossils, without exception. They belong to the Pliocene 
series. 

Practically the same set of beds, measured about two miles and a half below the 
western end of the canal, gave 18 inches humus and sand over the same depth of in
durated yellow sand without fossils, below which are 2 feet of sandy marl with 
Bulla st1·iata, Venus ca.ncellata .• and a multitude of Plan01·bis and Physa; then 3 ·feet 
of compacter marl, .;ith a great many marine fossils and comparatively few fresh
water shells, the deposit containing irregular nodules, lumps, and strings of silicified 
material, often extremely hard, and in which the fossUs are often reprE>sentecl by 
mere molds. Below this, which is the chief fofsiliferous stmtum, lies a foot and a 
half of sand and marl, with few fossils and many fra_gments and worn siliceous frag
ments against which the water clashes. This stratum in other places is consolidated 
to a tolerably compact rock, and the fossil bed above it to a flinty chert. The chert 
shows manifest indications of having been worn by the action of the waves, anclo'ne 
of my specimens shows a boring bivalve still intact in its burrow in one of the pro
tuberances of this layer. In other places fossil oyster-banks, corresponding to the 
oyster marl of Peace Creek, could be clearly seen, but nowhere any coral reef~ though 
small isolated heads of coral were not uncommon. The intermixture of fresh-water 
.and marine shells is characteristic of the whole deposit., though the upper stratum 
contains proportionally many more fresh-water individuals. 

The upper siliceous Planorbis rock was by the writer/ as well as by 
Prof. Heilprin, supposed to be Quaternary until the fossils were studied. 

I .Am. Jour. Sci., 3d ser., vol. 34, p. 169. 
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But careful study made on the spot showed that the supposed post
Pliocene age of the so-called '~Venus cancellata bed" was an error, 
due to the fact that layers of Venus (Chione) cancellata Linne, of Qua
ternary age, are very common in Florida, and sometimes in the Caloosa
hatchie region overlie the Planorbis rock. 

In this connection it may be stated that Chione cancellata is known 
from the Ohipola Old :Miocene marls, in no respect differing from recent 
specimens, and that it has continued as a conspicuous member of the 
Florida fauna (except during the epoch when the Ecphora beds were 
being deposited) up to the present day. It is a warm-water shell and 
extended in abundance farther north during Ohipola times and the 
newer Pliocene than during the period when the beds of the Chesapeake 
group were being deposited or at present. The last-mentioned periods 
were and are relatively cooler and the two former relatively warmer, 
judging by the fauna. The species has never been entirely absent and 
at the present day reaches as far north as Hatteras, in the warm-water 
area. It is also a shallow-water shell, living chiefly between tides when 
the climate is mild enough, and its abundant presence with Bulla is 
indicative of a formation laid down in quite shallow water. The Bulla 
has in recent times also receded southward, probably for similar reasons. 

The marls of the Caloosahatchie contain a large number of species, of 
which a fair proportion, perhaps 15 per cent, are supposed to be ex
tinct; many of the others are known only from deep water. How many 
of the so-called extinct ones, like Amusittm mortoni, will turn out to be 
still living when the deeper waters of the Floridian coast are thor
oughly dredged remains to be seen. A number of the species appear 
to be more nearly related to shells known from the Asiatic or Califor
nian coasts of the Pacific than to the shells of adjacent waters. But 
these apparent relations depend a good deal on our ignorance of what 
the deep waters of the Gulf really contain. In their curious partial 
silicific:ttwn these beds afford an interesting parallel to those of Ballast 
Point, and show that similar action has been going on since Miocene 
times on this coast. 

The age of the Caloosahatchie beds is more clearly Pliocene than that 
of any others which have been so called on our eastern coast. The time 
has not yet arrived, nor is our knowledge sufficient to enable us to de
cide finally as to the chronologie relation of all of these terrestrial and 
marine Pliobene beds to each other. But without reference to their 
minor chronology the geological history of the Caloosahatchie marls 
is clearly stated in their structure. 

The assemblage of speqies on the whole, in the principal stratum, is 
such as one might expect to find in water from 20 to 50 feet in depth, 
judging by what we know of living mollusks. Mixed with these are a 
certain number of shallow-water forms which may be supposed to have 
flourished as the water became shoal by elevation of the sea bottom. 
There were lagoons of fresh water and probably short streams empty-

Bull. 84-10 
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ing into the sea, and in time of flood sweeping their fresh-water popu
lation out on to the shoals, where it perished. Part of the bottom became 
elevated nearly to the surface, oyster banks were formed on it, and the 
compacter parts became water-worn. The absence of shells, like Lito
rina and Nerita, seems to indicate that the dry beaches were muddy 
or sandy rather than rocky. In the course of time elevation so shoaled 
the water that only species like Venus cancellata and others able to live 
between tide marks could remain. This portion of the formation con. 
stitutes the so-called Venus cancellata bed, though neither of its com
ponent species is peculiar to it. Finally, the area became cut off almost 
entirely from the sea and occupied more or less by fresh-water ponds in 
which the pond snails multiplied in myriads. Drifting sea sand bas 
buried these and in its turn has been covered with a thin coat of humus 
in which the pine, palmetto, and a host of scrubby plants make a fairly 
successful fight against the invasion of civilization. 

The history of Ballast Point seems to have been much the same in 
Miocene times, except that there the land seems to have risen suffi
ciently to enable true air-breathing land snails to become abundant. On 
the Caloosahatchie they are extremely rare, only one or two specimens 
having turned up among the thousands of fresh-water snails. On the 
other hand, if Ballast Point rose higher, it was afterward depressed 
lower, so that several feet of marine orbitolite rock could be formed 
over it. On the Oaloosahatchie the thickness of the marine strata over 
layers of the Planorbis rock did not exceed 6 inches . 

.As it may be supposed that the admixture of fresh-water forms with 
the marine forms has been due to mechanical mixture after fossilization, 
which in certain places, where the marl is penetrated by roots from 
above, might have occurred, I will add in concluding ..... that the same 
mixture occurs in the interior of the most flinty chert bowlders. -It is 
curiously paralleled by the mixture found in material collected by the 
U. S. Fish Commission, in some of the inner lagoons of the Bahamas, 
where a similar series of geological changes may be supposed to be at 
this moment in progrei:5s. .Among the fresh-water species is a large 
Oyrenella, a genus recently found by Hemphill living in a South Florida 
marsh. It has not been before known from the United States, was 
originally described from Senegal, and subsequently from Porto Rico. 

No coral rock or coral reef formation was anywhere observed, though 
isolated small heads of coral are moderately common in some parts of 
the Oaloosahatchie marl. 

The uppermost strata of the Pliocene beds begin to appear above the 
level of the river at low water (during the dry season) about 24 miles 
due east from the shore of Charlotte harbor, and they dip to the east
ward out of reach about 30 miles farther east. Their total measured 
breadth here is thus at least 30 miles and includes the whole of the ele
vated land between Lake Hickpochee and the point on the river above 
~entwn(?d, In this distance tht~re are not less than twenty visible but 
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very gentle folds of the strata in the direction of the trend of the pee 
ninsula. 

That these beds extend much farther north and south there can be 
very little doubt, though OlJT information so far is fragmentary. The 
most northern point at which they have been actually observed is in the 
banks of a small stream crossed by the railroad a short distance north 
of the depot at Zolfo Springs. 

On the Caloosabatcbie the strata may be divided into oyster-reef marl 
beds, conchiferous or Turritella marl, and layers of sand; which inter
grade without distinction and have no invariable succession, but always 
grade into the shallow-water fauna at the top/ which is overlain by the 
Planorbis rock, and this in turn by post-Pliocene deposits whieh are 
seldom of great thickness. 

Near the north end of Charlotte harbor a small creek comes in from 
the east called Alligator Creek. Here Mr. Willcox found an extension 
of the Caloosahatchie beds. The banks are about 12 feet high, the up
per half being pure sand; the lower half contains fossils of Pliocene age, 
mollusks, barnacles, and flat Ecbinidm. They differ from the Caloosa
batchie deposits in being in pure sand instead of marl as a matrix. The 
upper half of the fossiliferous stratum shows the shallow-water fauna, 
with its usual partial admixture of strictly Pliocene extinct species. 
Some parts of the bed are united by siliceous cementation into a hard 
rock. 

A little farther north Peace Creek enters Charlotte harbor above 
Punta Gorda. The banks of this creek are low for some distance, but 
Prairie Creek, which enters the estuary from the east, bas a south fork, 
known as Shell Creek, a short but navigable stream which heads among 
Pliocene beds. The banks are higher here than on the Caloosahatchie, 
being 25 feet at the highest point, but the difference is chiefly of unfos
siliferous marine sand 12 feet deep. Then comes about 2 feet of shallow 
water fauna with some Pliocene species, below which is a bard lime
stone stratum 2 or 3 feet thick, beneath which is a bed of conchiferous 
marl, like that of the Caloosahatchie. There are slight differences in 
the fauna, such as might be expected at points 20 miles apart. 

The Myakka or Miacca River comes into the Charlotte harbor from 
the northwest parallel with the Gulf coast, and its estuary is nearly at 
right angles to that of Peace Creek. 

Here Mr. Wilk-ux found a bed of lime rock at the sea level with 
uncharacteristic species poorly preserved. Above the lime rock are 
beds of shell marl considerably mixed with sand. In this deposit was 
collected about forty species of shells, of which about 10 per cent were 

l There are Pliocene beds of Venns cancellata and Bulla st-riata, and post-Pliocene beds chiefly com
posed of the same two species. For this reason the name" Venus cancellata bed" for the shallow 

- water part of the marine Pliocene is unfortunate, though very natural to anyone who has seen it. It 
will always require careful examination to determine to which series a bed of Venus cancellata should 
be referred, and some confusion has already occurred from taking the Pliocane age of such a bed for 
granted. To distinguish the Pliocene and Pleistocene beds of this kind the latter might be called, 
from their most abundant fossil, the Bulla striata marla. 
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extinct Pliocene species. This bed seems to have fewer extinct species 
than the Ca.Ioosahatchie marls and may be rega1·ded as a little younger, 
perhaps corresponding to the Planorbis rock, which seems to be a1)sent 
on the Myakka. , 

.Along Rocky Creek, which falls into Lemon Bay near Stump Pass, 
in about latitude 26° 55' west from the Myakka, a bed of Venus cancel
lata rises to about a foot above the water, or in many places forms the 
bed of the stream. It is probably the upper shallow-water layer of the 
Pliocene, as Oerithidea scalata Heilprin, a Pliocene species, has been 
found near by on the beach of the bay. 

On Peace Creek there are no bank& high enough to afford a section, 
and no trace of Pliocene yet observed up to 3 miles above Fort Ogden. 

Farther north, on Peace Creek, the Caloosahatchie beds appear at 
Shell Point, 3 miles above Arcadia, as previously described ;1 and I 
was informed that the same bed occurs on Joshua Creek, near Nocatee, 
and at a point on Peace Creek 6 miles below the works at Arcadia, 
between that place and Fort Ogden. The same oyster bed is conspic
uous in the banks of a small stream just north of the railroad station 
of Zolfo Springs.' This stream, a feeder of Peace Creek from the east, 
has cut quite a deep gully, and the oyster bed occurs in the vertical 
sides about 2 feet, or possibly less, above the water when the latter is 
low, as in January, when I observed it. Above the oyster bed the 
elevation cut by the stream is composed of some 20 or 25 feet of yellow 
sand, with a foot or two of the white sand covering it. Some portions 
of the yellow sand here, as at Shell Point, are quite indurated ancl 
stand vertically like rock. The section can be well observed from the 
rail way culvert. 

Considerably east of Peace Creek beds of marl containing "large 
clams" have been reported to Mr. Willcox as occurring on the banks 
of Arbuckle Creek. Something of the same sort on the Kissimmee 
River, near Fort Kissimmee, was mentioned to me by prospectors at 
Bartow who had visited that locality. Both these marl beds are likely 
to prove to be Pliocene. 

The slight tilting of the plane of the peninsula caused by the rise of 
the eastern border and a presumed equivalent depression of the Gulf 
coast opposite is indicated by the manner in which the Pliocene beds 
disappear west of the Tampa Old :Miocene. The washing and dredging 
up of newer Miocene and Pliocene fossils along this shore may indicate 
the continued existence of beds of both ages under the adjacent waters 
of the Gulf rather than wash from the existing shores. 

Oerithidea sea lata has been found on the shore of the Gulf near Casey's 
Pass, 17 miles northwest of Stump Pass, and near the entrance to Little 
Sarasota Bay, 6 or 7 miles farther in the same direction, which would 
jndicate the J)resence somewhere in that vicinity of the Piiocene marl. 

Finally, the presence of large fragments of older marine Pliocene and 

l ~(le under tl+e hea!l of '' Oyster marl,'' p. 132. 
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of the Planorbis rock in the channel at Port Tampa, Hillsboro Bay, 
before referre<l to, carries the Pliocene nearly 50 miles farther to the 
northwest. 

These data would indicate the original presence of the Caloosahatchie . 
beds over a distance on the western part of the peninsula, roughly speak
ing, of 100 miles northwest by 50 miles southeast. On the eastern coast 
of Florida no marine Pliocene has yet been identified, and the first point 
where the characteristic species have since been recognized is in South 
Carolina, where a number of them are found and have not been discrim
inated from the Miocene of the Chesapeake group. Still farther north 
one of the species appears, with a few other extinct forms, in the marl 
which has been found underlying a part of the Great Dismal Swamp, in 
southeastern Virginia. 

Recent observations by Heilprin 1 seem to indicate the presence of late 
Pliocene rock over a considerable area in Yucatan. A few, four or five, 
Oaloosahatchie species are, according to Prof. Heilprin, recognizable in 
the limestone of the Yucatan plains, but, judging from the list given, 
the fauna must have been at the very top of the Pliocene series, and 
none of the most characteristic Pliocene species occur in it. 

PLEISTOCENE AND RECENT DEPOSITS. 

While it does not strictly enter into the scope of this essay to discuss 
the Pleistocene series, for the sake of completeness in connection with 
the description of the Florida region a few notes on the later strata of 
the peninsula are appended. 

The beginning of Pleistocene time is generally taken as marked bJ1 
the Glacial Epoch. Recently Spencer,2 Upham,3 and others have pos
tulated an elevation of the land north of the Gulf of Mexico " for a short 
time" to a height of "not less than 3,000 feet," in the endeavor to ac
count for the Glacial Epoch. 

Without expressing any opinion as to the possibility of such an uplift 
farther north, the writer desires to put on record here the reasons why 
such an uplift in Florida seems to him incompatible with the observed 
facts: 

1. It is inconceivabl~ that such an uplift and downthrow should ha;ve 
taken place at the end of the Pliocene without some dislocation and 
disturbance of the rocks, which would be conspicuously shown in the 
geology. But the most conspicuous feature of Florida geology is 
admitted to be the absence of any such dislocations. 

2. It is inconceivable that rocks of the incoherent character which 
make up the peninsula of Florida, subjected to the torrential raiu~ of 
their semitropical rainy seasoD, should have been elevated to 3,000 feet 
above the sea without the carving out of canyons and the sculpturing 
of the topography in an unmistakable manner. The river beds would 

J Proc. Acad. Nat. Sci. Phila. for 1891, pp. 141-143. 
~ ~. Geol. Soc. Am., vol.l. 

3 Am. Geologist, vol. 6, No.6, Dec., 1890, p. 329. 
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have been worn to great depth, and, if subsequently filled, the filling 
would be heterogeneous. 

But tllC absence of any such cutting is self-evident, the rivers often 
flow over undisturbed Pliocene beds of shell marl and are mostly too 
shallow for anything but small boats. 

The larger part of the St. Johns River, which might appear to form 
an exception, is simply au elevated perezonallagoon. This has become 
the channel of a drainage which is in no way related to the deposit of 
talus over which it now flows. In the so-called Indian River we ·see 
such a lagoon which has not yet. been so elevated. 

3. The scouring of the surface due to the steeper gradient would have 
left undisturbed, under the summer rains, no totally incoherent beds. 
They would have been carried off and redeposited at the perezone every
where. 

But it is well known that such incoherent beds exist undisturbed in 
every l)art of Florida, and represent, as a whole, rocks of every series 
from the Eocene up. 

4. The carving referred to would have made canyons in the gulf 
plateau (now submarine, then dry) west of Florida indicative of the 
course of each of the Iflorida rivers which would be more or less evi
dent in the present submarine contours. 

Nothing of the kind is visible in the contours, though soundings in 
the gulf by the Coast Survey and Fish Commission vessels have been 
remarkably numerous and made with the greatest care and the best 
modern methods and instruments. 

5. The elevation of the coast suddenly and for "a short time" to such 
a height would obviously have exterminated the whole marine shallow 
water and shore fauna, except such as lived elsewhere at a great dis
tance, and, after the succeeding subsidence, might have immigrated to 
Florida. But there are a number of local species originating in the 
Miocene, pem:tliar to Florida, which live in shallow water and have pre
served their continuity intact to the present moment, and there is no 
such preponderance of Antillean types in the present fauna as would 
have resulted from an immigration, possible (in the assumed circum
stances) only from this direction. 

Lastly, it may be pointed out that the hypothesis, so far as it relates 
to the Florida region, mainly rests on two unproved assumptions, either 
of which being shaken, will let the whole structure fall. The first of 
these is that submarine valleys must have been cut when the bottom 
was dry land. The second is, that the submarine valleys which are 
actually known to exist, and which have been miscalled "canyons," were 
necessarily cut at the end of Tertiary time. 

That the first assumption is untrue every hydrographer knows, and 
everyone who has studied the Gulf Stream knows what a scour it ex
erts on its present bed at a depth of 3,000 feet. 
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The second assumption may or may not be true, but there is no evi. 
dent reason why the valleys in question may not date from the Cretace
ous quite as reasonably as from a later date. The slope, with reen
trants, which the contours exhibit off the mouth of the Mississippi, the 
whole of which must be taken into account in any fairly constructed 
hypothesis, is visible in the contours at a depth of at least 9,000 feet, a 
height to which no one has yet ventured to elevate the Gulf of Mexico. 

The collateral arguments by which this hypothesis has been sup
ported (I speak with regard to the Florida and Gulf region) are in sev
eral instances based on error. For instance, Mr. Upham states1 that 
"several low passes from ocean to ocean are found in the Lake Nicar
agua region, on the isthmus (of Darien) and in the Atrato River district 
to the south, at heights from 133 to 300 feet above the sea level." These 
figures will bear a good deal of revision with the data at present avail
able. Again, Dr. Maack is quoted in behalf of the Pleistocene age of fos
sils collected by him on the Atrato divide," the lowest elevation of which 
was found to be 763 feet." (Op. cit., p. 396). The Doctor, in his report,Z 
calls these beds "later" or "latest Tertiary," and speaks of the species 
as being "all living up to the present time." Unfortunately for the 
value of this report, Dr. Maack was a vertebrate paleontologist, un
acquainted with invertebrate fossils or recent shells in the American 
fauna, and incompetent (even if he had been in a normal mental con
dition) to give any valid judgment on such a question. The unfortu
nate state in which his explorations left him is well known, and would 
render it necesssary to reexamine any conclusions which might be based 
on his opinions. On the other hand, we have the judgment of a good 
geologist and active paleontologist, the late W. M. Gabb, who exam
ined Dr. Maack's fossils and regarded them as Miocene 3 and as includ
ing many species in common with the Miocene of Santo Domingo, which 
belongs to the lower .Miocene, analagous to the Tampa Orthalaux bed. 
The Pleistocene fossils collected by Dr. Maack were obtained from a,n 
elevation of only 150 feet, 10 miles inland from Panama. I am able to 
state from an examination of the specimens at the Museum of Compar
ative Zoology, that all the fossils from the higher elevations on the Pan
ama section are Miocene or Eocene. The explorations for the canal 
have shown that the ridge of greatest elevation is composed of azoie 
rocks, of which the age is uncertain, but probably not later than the 
end of the Eocene. 

In this connection may be cited the observations of Everman and 
Jenkins,4 who discuss at length the opinoins which have been held in 
regard to the mutual relations of the fish faunas of tlle east and west 

IAm. Geol.,vol.6, No.6,p.339. 
2Reports of Expl. for a ship canal, Isthmus of Darien, Washington, Navy Dept., pp.155-175, 18'74, 

fide Upham, Am. Geol., vol. 6, No.6, p. 396. 
SProc. Am. Philos. Soc., 1872, vol. 12, p. 572. 
'Proc. U.S. Nat. Mus., 1891, vol.l4, No. 846, p.121l. 
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coasts of Central America and Mexico, especially bearing on the hy
potheses of a recent water way connecting them. They show how the 
original view that the two faunas contain a large percentage of identi
cal spedes has faded away with a more thorough knowledge of the facts, 
so that at present only 5~ per cent of the species are regarded as com
mon to the two coasts, excluding species ot general distribution in tlle 
tropics. 

These authors then announce as their conclusion in regard to the 
question at issue: 

Our present knowledge, therefore, of the fishes of tropical Amerjca justifies us in re
garding the fish faun::e of the two coasts as being essentially distinct, ancl that there 
has not been, at any comparatively recent [geological] time, any water way through 
the Isthmus of Panama. 

The contact of the marine Pleistocene with the Planorbis Rock has 
already been described in connection with the section (p. 143) taken 
nearest to the end of the canal on the Caloosahatchie. 

There are multitudes of localities where such beds are visible, mostly 
at elevations not far from the present water level, and indicating a 
small elevation, with possibly a smaller subsequent depression since 
they were deposited on the western side of the peninsula, while on the 
east there has been a slow, somewhat intermittent elevation, which has 

. amounted in the total to not less than 20 feet above the present sea. 
level in the cases where it is lowest, and possibly nearly as much more 
in some localities. Without definite proof of the fact, it looks as if there 
had been in Pleistocene time a tilting of the peninsula on its north and 
south axis, attended with some gentle folding of the strata, as seen on 
the Oaloosahatchie; the eastern coast with its reef, as described by 
Shaler, having been tilted up, the western coast having sunk a little 
less; the difference having been taken up in· the crumpling of the strata. 

Among the localities where the marine Pleistocene is best developed 
on the western coast may be mentioned: Rocky creek near Stump 
Pass, Lemon Bay, (Willcox) overlaying the Pliocene; Phillip's Creek 
at the head of Little Sarasota Bay; North Creek emptying from the 
east into the same bay; these beds contain a large number of species, 
all known to be living on the coast. It is also found on top of the 
1\Hocene at Rocky Point, Old Tampa Bay, and in considerable masses 
near the mouth of the Manatee River. · 

RECENT ROCK FORMATION. 

The process of rock formation is going on in a more obvious manner 
than would be expected along the Gulf shores of western Florida. There 
is a general opinion frequently expressed by Floridians, in conversa· 
tion, to the effect that between Tampa and the Keys coquina rock is 
to be found at only one place, the mouth of the Little Sarasota Pass. 
But this idea is certainly erroneous, as at every projecting point of the 
Keys along the Gulf shore which we visited we found traces of this 
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rock, though often not visible above the water, and frequently com
posed more of sand grains than of shell, so that it looks much like wet 
loaf sugar. It is doubtless being formed at many points along the 
Gulf shore, though in small quantities in each place, and not at all in 
the lagoons and harbors. 

Another species of rock which strikes an observer as curious is in 
process of form~tion by immense compact colonies of Vermetus (Petalo
eonchus). nigriew~s, which raise the orifices of their minute blackish 
tubes to several inches above low-water mark, and in some of the larger 
bays have formed extem;ive reefs. The animal has been supposed to 
be a worm, belonging among the Serpulm, but the writer was able to 
determine its proper place by an examination of the soft parts. This 
rock rarely occurs in a strictly fossil state, though the species is found 
in the Oaloosahatchie Pliocene. It is locally known as ''worm-rock," 
and many of the "rocks" described by the natives of this region as 
cropping out along the seashore turn out on examination to be of this 
kind. 

'l1here are three other sorts of rock of which the formation appears to 
be still going on. One is more or less indurated sand, which was ob
served at Myers; also near St. James city on Pine Key; on South 
Creek, where it was found in the banks under the usual layer of sand, 
and close to the landing wharf at Sarasota, on Big Sarasota Bay. It 
is very widely spread over the state near the sea, its absence being 
rather the exception. It sometimes contains the fragments of other 
older rocks, aR in a matrix, an example of which was noted by Prof. 
Heilprin on St. John Island, at the mouth of the Oheeshowiska River. 
This rock is usually rather soft and contains recent lancl and a few 
recent marine shells. In other places, as at St. James City, it becomes 
extremely hard and compact, ringing under the hammer and almost 
destitute of fossils. A tl1in layer of it, from a mere film to 3 inches 
thick, marks the upper surf~tce of the much older outcrop at vVhite 
Beach, Little Sarasota Bay. This may prove to be identical with what 
I have called the Yell ow sand. 

A second variety of rock is formed by springs cont~"tining iron in 
solution, which are uumerons along the main shore, as in both Srtrasota 
bays. This water consolidates the gravel, sand, shells, etc., over 
which it passes, into somethi11g resembling coquina, but in which the 
fragments of shell, etc., are united together by a cement of limonite. A 
spring near the estate of Judge Webb, at Osprey, has thus affected a 
considerable part of what appears to be an Indian shell-heap; and 
among the shells, etc., in the rock may be detected fragments of pot
tery. Specimens showing this were brought home, and it is probable 
that the human remains discovered by Judge Webb near Osprey and by 
Prof. Heilprin in Sarasota Bay,J which are replaced by a pseudomorph 
of limonite, though older, are of a similar origin. 

1 Leidy, in Trans. Wagner Inst., 1889, vol. 2, pp. 10-11. 
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In a softer stratum overlying that rock and apparently nearly of 
same period of deposition were found Venus 1nortoni, Pecten dislocatus, 
Strmnbus pugilis, F(tsciolard(t tttlipa, Fulgttr perverstts, and JJielongena 
corona, all recent species in the same region. Some specimens for
warded by Mr. Willcox, who obtained them with some ad<litional human 
remains from the same locality, appeared to be indurated sand rock of 
the variety first described. It contained a mixture ~f recent marine 
and land shells all common in the vicinity to-day. 1 

Other human remains in which the bones have been solidly silicified 
have been forwarded from the vicinity of Little Sarasota Bay to the 
Smithsonian Institution by Judge John G. Webb, of Osprey. They are 
doubtless Pleistocene and are contained in an indurated sand rock, 
tinged with iron oxide, and existing several feet below the surface at a 
considerable distance from the bay. These remains, though Pleisto
cene, are doubtless very ancient. It is probable no part of the world 
has afforded so many specimens of human remains in a truly fossil 
state as the peninsula of Florida. 

The thiTd variety of rock referred to occurs along the upper St. John 
River and about Lake l\fonroe. This is a sand rock in which each grain 
is coated with a pellicle of lime, giving the mass an oolitic appearance. 
In this rock, on Hock Island in Lake Monroe, Pourtales and Wyman 
found the fossil remains of man which cre~lted so much excitement some 
years ago. The rock also contains recent land shells, but no marine 
fossils were observed. Rock of this character has been formed in 
Florida from the l\Iiocene up. Some of the phosphatic rock of northern 
Florida is a variety of it, in which the limy envelope of the grains con
tains a certain amount of phosphoric acid. 

The deposits lately formed and apparently now forming in the region 
of the Everglades have been already described (p. 100) in the remarks 
on the topography of the peninsula. They are partly organic and 
pa~tly chemical in their origin. To the latter fact may perhaps be 
ascribed the exceptionally crystalline character which some of the 
Everglades limestone exhibits and which, so far, has not been dupli
cated elsewhere in the state. 

The Yellow sand.--Very little observation is necessary to recognize 
over the greater part of the peninsula of Florida, away from the sea
coast, two well marked varieties of sand. These differ in color, in 
texture, in mineral constituents, in the thickness of their beds, and in 
geological significance. The lower of the two beds or deposits is more
over, as a rule, where undisturbed, sharply discriminated from that 
above, and they are practically unconformable. 

The Yellow sand, as the lower deposit may be called, forms the main 
mass of the sand hills and ridges of the central and southern part of 
Florida. These ridges and hillocks stand on the N eocene rocks below 
like hay ricks on a field, not reflecting the character of the surface 

I See Leidy, Trans. Wagner Inst., Dec., 1889, >Ol. 2, pp. 9-12. 
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beneath them. They are rounded above, seldom show much, if any, evi
dence of stratification, and • their upper surfaces are often slightly 
indurated or formed of a thin crust stained with peroxide of iron. The 
mass of the sand, like the rocks from which it was derived, is of a yel
lowish color, varying from pale straw color to yellow brown. It is some
times 50 feet thick and seems to be perfGctly uniform. .A good. example 
is afforded by the wel1 near the schoolhouse at Lakeland, which after 
reaching this sand, which is covered by about 3 feet of white sand, 
continues in the former for many feet, until water is reached, the sand 
seeming perfectly homogeneous and uniform. This sand when closely 
examined seems largely crystalline and looks gritty, yet when rubbed 
between finger and thumb wastes away to an impalpable powder with
out any gritty feeling. When wet it has a loamy appearance and when 
dry runs with less facility than sea sand. It ~s chiefly composed of 
organic silica in an extremely fine state of subdivision and of fine resid
ual clay, such as might result from the leaching away of the lime from 
almost any of the organic lime rocks of Florida. The sand is frequently 
indurated, as at Rock Lake, a mile and a half from Orlando, where the 
shores show what looks like a vertical border of waterworn rock. This 
can, however, be scratched with the finger nail, though hard enough to 
retain vertical faces of several feet in height. \Vhen subjected to the 
action of water it becomes brown, or even dark brown, probably from 
the small percentage of iron contained in it . 

.As a rule the sand hills are without fossils, but the upper layers may 
contain recent land shells or fragments of lime rock from older forma
tions. The teolian sand rock or indurated sand, previously referred to 
as common near the sea coast, and containing recent shells in a more or 
less fossilized state, may very likely prove to be only a phase of the 
Yellow sand, but the best typical exposures of the latter are somewhat 
removed from the sea. 

The Yellow sand appears to be indigenous and may date from the 
Lake period. .At all events it is such a material as might result from 
the action of fresh water on the indigenous lime rocks. If the original 
sand is as old as the Pliocene, the portions of it now containing recent 
marine shells have, of course, been rearranged. For that part con
taining land shells the fossils offer no criterion of age. The whole 
question of its age and origin can be answered only by means of ftrr
ther study and investigation. 

The analysis of some of this sand from a depth of about 40 feet in 
the Lakeland well, according to Prof. F. W. Clarke, afforded the follow
ing result: 

Silica_ . ___________ .. _ . ___ . _ . __ ... _ . __ ............ _ . . . . . . . . 80 ·39 
Alumina and iron ...• _ ... _ ... __ .. __ . . . . . . . • . . . . . . • . . • . . . • . 15 ·03 
Lime ___ ..... _ .. __ . _ ... __ .... ___ . _____ .. . . . . . . . . . . . . . . . . . . 1·22 
Water (about). __ ••• __ .. _ ..... __ .... ___ . _ ..... _ ....... _... 3·36 

100·00 
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The absence of grittiness is probably d~e in part to the presence of 
so much clay and in part to the minuteness of the particles of silica. 
We may imagine that if one of the ordinary soft limestones of Florida. 
was deprived of its lime and the m:ganic silica which it contains 
remained in its original state of division, the residue wo~ld, in gener~~l, 
much resemble the clay~y sand above described. 

The White sand.-Above the Yellow sand almost everywhere on the 
peninsula of Florida may be observed an unconformable layer of snow
white sand. This is often grayish from a mixture of vegetable matter, 
but where the beds are thick or the sand has been washed by rain it is 
of a brilliant white, and often gives to large areas the aspect of being 
covered by a heavy fall of snow. 

Unlike the Yellow sand, this stratum is seldom of great thickness. 
Leaving occasional dune~ along the Atlantic border out of account, it 
is seldom seen more than 6 feet in thickness on level ground, and the 
hillocks formed by it rarely exceed 20 feet in height. Indeed, this 
height is extremely rare in t4e writer's experience. Nearly all the 
knolls, when cut by the railroads, show that their mass is composed of 
the Yellow sand and is only coated by the White sand. 

This sand is 1nainly siliceous, sharp, and gritty, with a small admix
ture of lime particles. On the sea coast it is sometimes indurated or 
cemented into a rock which looks like wet loaf sugar. As the main 
superficial stratum of the peninsula, it contains vegetable matter, 
recent land or marine shells, pieces of coquina, etc., in many places; 
but in its nature is essentially a sea sand. It has been largely dis
tributed by the wind, which never ceases in Florida, and to whose 
steady alternation of sea and land breezes is probably due the uni
formity with which the White sand has been scattered. 

In the transportation of glacial sands from the north, the silica, being 
the hardest component, would survive longest; hence the almost purely 
siliceous character of these sands from the southern extreme of the 
coast down which they travel. The indigenous silica is usually dis
colored. The glassy character of these vVhite sands indicates a more 
northern origin. 

The White sand is often absent from elevated surfaces exposed to 
the wind, but a close scrutiny of adjacent hollows will almost invari
ably disclose traces of it. 

It has been suggested that the White sand, as here described, is 
merely the upper portion of the Yellow sand, from which the clay and 
iron have been leached out by the action of the weather. But, while 
the upper surface of the Yellow sand may in some places have been 
bleached in this way, the White sand here described appears to be dis
tinctly unconformable to the underlying Yellow Sand and entirely inde
pendent in its distribution and bedding. 
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SCllE:\lE OF TilE FLORIDIAN CENOZOIC ROCKS, APPROXIMATELY IN TilE ORDER 01!' 

THEIR DEPOSITION. 

EOCENE. 

~
White limestone (Jackson).* 

(Vicksburg beds 1 •••• Orbitoides limestone (Vicksburg). 
. I ¥ Comllimestone (Salt llill). * 

VIcksburg group-----\ 'Ocala limestone (Nummulitic). l Nummulitic beds ... } Miliolite limestone~ 
{ .l:<'loridite phosphatic rock. 

NEOCENE. 

Wa1·m-watm· fauna; older Miocene. 

~ 
Greenish clays. 

(Hawthorne beds.... Ferruginous gravels. 
l Phosphatic oolite. 

Chattahoochee group .l ·nr t 1. • ,, 

~ 
n a er-ueanng sanus. 

Ocheesee beds...... Chattahoochee limestone. 
? Ccritbinm rock (Tampa,). 

( Orthanlaxbctl ~=Shiloh, N.J., marls. 
I Chipola marl. 

r 
Chipola beds ...•• -·t Sopchoppy limestone. 

White llcach sand rock. 
¥ "Infusorial earth." 

Tampa group ......... \l 5 Tampa limestone. 
Tampa beds··· .. ··· {Chert of Hilh;boro River. 

AJ um Bluff beds ...... Smuls and clays. 

Cold-water ja1ma; newer Miocene. 

5 ~Patuxent beds ...... Ecphora beds. 
Chesapeake group · · · · { f St. Marys beds ...•.. Jacksonville limestone. r M~ssi~~ippi clays. 

Grand Gulf ~rroup Fayette beds* ; L1gmt10 sandstone and sands. 
~ .... •• < ...... '· Gnathodon beds. 

lAltamaha grit. 

Pliocene. 

Lafayette group* ...... Lagrange beds ....... Orange sand. 

~
Arcadia marl. 

(De So to beds . . . . . . . Peace Creek bone be.d. 
, . . I Alachua clays. 

Jo lonchan group · · • • · · \ r Oyster marl (Peace Creek). 

lcaloosahatchie beds lTnrritella marl. 
Venus cancellata bed. 
Planorbis rock. 

PLEISTOCENE. 

Yell ow sand. 
Bulla striata marls. 
Eolian sand rock (with Horno). 

Coquina. 
V ermetus rock. 
Everglades limestone. 
White sand. 

·-----------------------------------------------------------------
1 Some strata, here markecl with an asterisk, are inserted for completeness in this table, though 

tlleir presence iu the Floricla series can not yet be demonstrated. 
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THICKNESS AND DIP OF THE STRATA. 

Little is known of the dip of the rocks in Florida. In the northern 
part of the State, from the constantly greater depth at which water
bearing strata are found in artesian wells as one goes southward, a 
moderate southerly dip has been frequently assumed. In the south the 
dips follow the curves of the gentle folds of the strata. On the east 
coast it is questionable whether the great depth of the Eocene at the 
Lake Worth well is due to its steep eastward dip, or to a coastal erosion 
more or less masked by incumbent talus. The probabilities seem in 
favor of the latter view. 

The thickness of the Pleistocene beds in Florida may be generously 
estimated in assigning it a maximum of 100 feet anywhere on level 
ground. 

The Caloosahatchie beds will not much exceed 25 feet, and as much 
more would be a liberal allowance for the De Soto beds. 

The Appomattox is not yet positively known to cross the northern 
boundary of the State, though it is stated to have been traced to Mobile 
Bay by L. C. Johnson, and McGee believes he has recognized it around 
Tallahassee. 

The thickness of the Sopchoppy limestone is unknown, as the rock is 
known only by specimens, and the locality has not been visited by any 
geologist. 

The existence of the Grand Gulf group in Florida is probable, but 
not yet sufficiently proved. The lignitic sand at Alum Bluff, perhaps 
of this age, is only about 10 feet thick. The Gnathodon bed discovered 
by Johnson is presumably of no great thickness. 

The Jacksonville limestone and associated beds are about 500 feet 
thick at that point, but only about 200 feet at St. Augustine; the 
Ecphora bed at Alum Bluff only about 30 feet. On the Manatee River 
the bed eorresponding in age to the Jacksonville rock is only 2 or 3 feet 
thick. 

The Alum Bluff beds at the original locality are 15 feet thick. 
The Tampa beds can hardly claim a greater allowance than 30 feet, 

and the Ohipola beds perhaps half as much more. 
For the Ocheesee beds Langdon has allowed 250 feet, while we may 

assign a maximum of 125 feet for the Hawthorne beds. 
The total thickness of the N eocene rocks of Florida may be estimated 

to be less than 1,000 feet as a maximum, which agrees very well with 
the discovery of the Vicksburg beds at 1,000 feet deep in the Lake 
Worth artesian well. Over most of the peninsula these beds will not 
exceed one-quarter, .and in many places one-tenth, of the maximum 
above noted. 

The Eocene has been penetrated to 1,066 feet in organic limestone at 
St. Augustine without reaching the base of the Vicksburg beds. There 
is no reason to doubt that the Eocene will rival the Miocene in thick
ness, and perhaps exceed it, in Florida, as in most other States. 
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In this State two very distinct formations are assigned a Neocene age. 
The older of these 1 consists of a fossiliferous deposit observed some 20 
miles northwest of Mobile bay, and forms probably an eastern exten
sion of the " Grand gulf" of 1\fississippi. Farther to the north and 
east, along the Tensaw River in west Baldwin County, the researches 
of Artemas Bigelow 2 have brought to light the existence of a sandstone 
formation which, in one locality not over "a rod square," contains 
'' abundant but very obscure impressions of shells, apparently all 
bivalves." This, Dr. Hi1gard 3 surmises, may belong to the "Grand 
Gulf" group, and, if so, may afford a clew for determining its age by 
paleontologic evidence. 

The geographical distribution of this formation in Alabama has not 
yet been carefully investigated; but the southern extension of the 
Vicksburg group would of necessity confine it to a small area in the 
extreme southwestern part of the State.4 

LAFAYETTE FORMATION. 

The second and more recent formation is composed ofperezonal sanrls, 
clays, gravels, etc., regarded by McGee as belonging to his" Appomat
tox formation" (since called Lafayette). A few of its more interesting 
and typical outcrops in this State were recently discussed before the 
Geological Society of America (December 27, 1889), 5 and are here given 
in abstract: At Girard, opposite Columbus, Ga., and at Tuscaloosa the 
unconformability of this formation with the ''Columbia" above and the 
"Potomac" below is very marked. At the former "the distiuctive 
cross bedding outlined in the laminffi of clay or lines of pellets of the 
same material is exceptionally conspicuous," and the pebbles are larger, 
more abundant, and less waterworn than usual. At the latter locality 
the pebbles are small, slightly waterworn, and comprise "cherts, sili
ceous dolomites, and a rather unimportant element of~ uartzite, but no 
true crystallines." At Cottondale, 7 miles east of Tuscaloosa, this for
mation and the Potomac intergrade. To the north of Eutaw it becomes 
sandy and friable, like the underlying Cretaceous, while to the so nth
west, where it occupies scattered patches upon the Hotten limestone, its 
clays and sands are intermingled with calcareous particles. Fi11al1y, 
the ''Appomattox" appears between St. Elmo and Grand Bay, in the 
extreme southwestern corner of the State. It here consists of" undu
lating bosses, knolls, and plateaus rising above and evidently protrud
ing through the sand." These remnants of ancient topography consist 

l.J ohnson in Litt. 
2 Am . .Jour. Sci., 2ll. scr., 1846, -vol. 2, pp. 420-421. 
a Ibid .. 1867, vol. 43, pp. 40,41. 
4 See 13nll. U.S. Gcol. Survey, No. 43,1887. Map of Ala., opp. p.134. 
• l?ublished in full in .A.m • .Jour. Sci.,l89_0, vol. 40, pp. 23 -~6. 
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of regularly and rather heavy bedded loams, sands, and clays, ' 
monly orange-hued, but weathering to darker reds and browns, 
evidently represent a somewhat erratic phase of the Appomattox..,. 
erratic in (1) the complete assortment of the material, (2) its 
(3) regularity in stratification, (4) lack of cross-bedding. 

It will be noticed that here the Appomattox approaches very near 
the coast, while its altitude above tide is red need at Grand Bay to 
little over 25feet. The comparatively high banks of Mobile Bay1 

less owe their origin to this formation, though it is covered by 
recent deposits. The small elevation of this deposit here and its 
disturbed condition afford a strong confirmation of the view, el 
expressed (p. 141), that the present northern Gulf coast and the 
snla of Florirl.a have not been subjected to any great disturbance 
leyel, either of elevation or depression, since the Pliocene epoch. 

Shell beds of Mobile OoMnty.-D. W. Langdon, of Cincinnati, 
has recently called attention 2 to the fact that overlying certain" 
shell beds on Mon Louis Island and making the surface soil t 
out Mobile County are series of cross-bedded sands and loams, us 
very light colored and devoid of clay or pebble beds. These beds 
about 15 feet thick, and are quite similar to the beds of sandy 
found in the western part of the city of Mobile. McGee has 
mined these last-named loarns as belonging to his Appomattox 
and should his identification prove correct it would change the age 
the Appomattox (Lafayette) to a more recent date than he now 
to suppose. 

''It establishes, however, a further extension inland than that 
by the present coast line and a fluctuation in the elevation of the 
of the Gulf in post-Tertiary times, which fact is believed to have 
been previously noted." 

The small shells belonging to recent species, which were VA.CAI.LLU..U."u 

by Dall, from dredgings in Mobile Bay, and which are supposed 
lm ve been derived from the " shell beds " above referred to, can not 
regarded as settling the age of the deposit. Many of them are 
iu :\Iiocene marls and range upward into recent seas. A fuller co 
tion from this shell bed will be required to determine its position in 
system. 

MISSISSIPPI. 

In this state7 as in Alabama, two very different formations have been 
assigned a N eocene age. The older of these, the "'Grand Gulf," was 
named by Wailes 3 from the place of its typical outcrop on the Missis
sippi, and was described at length by Hilgard in his "Report on the 

1 M. Tuomey, Second I~iennial Rept. Geol. of Ala., 1858, p. 148. 
2 Am . .Jour. Sci., 3d ser., 1890, vol. 40, p. 238. 
•.Agric. :j,nu Gcol, of )Ji88,, by R. L. C. Wailes, Stl!>te Geologist, 1st Rep. 1854, p. 216, 
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Geology and Agriculture of the State of 1\iississippi" (1860). The fol
lowing pages therefore consist of a brief generalization of the facts 
there presented, together with those brought to light by more recent 
investigations. 

THE GRAND GULF FORMATION. 

This underlies the greater part of the State south of a line passing 
in a gene~l way through Vicksburg, Raymond, Byram, Brandon, 
Raleigh, and Waynesboro, or, in other words, south of the V-'icksburg 
formation. 

At their line of contact the Vicksburg and Grand Gulf rocks consist almost through
out of lignito-gypseous, laminated clays, passing upward into more sandy material~:~; 
they are not sensibly unconformable in place, but while the Vicksburg rocks at all 
long exposures show a distinct southward dip of some three to five degrees, the 
position of the Grand Gulf strata can rarely be shown to be otherwise than nearly 
or quite horizontal, although in some cases faults or subsidences have caused them 
to dip, sometimes quite steeply, in almost any direction. 1 

The superior durability of the arenaceous deposits of this formation 
oyer those of the Vicksburg series has caused a well marked ridge run
ning diagonally across the state alon~ their line of contact. This falls 
off abruptly to the north,2 but descends very.graduallytoward the gulf. 

All, or at least the greater part of this formation, is characterized 
by the presence of gypsum and salt and generally also magnesian salts.3 

This is the case with many of the solid sandstones, which, upon ex
posure to the weather become covered with a saline efflorescence. 
These sandstones frequently contain small concretions of iron pyrites, 
which oxidize and swell when the rock is exposed to the air, sometimes 
breaking up large blocks in this way. Carbonate of lime is a rare in
greclient, and the deposits containing it are always quite limited. 

In the northwestern part of its development in Mississippi, i.e., north
west of a line drawn from Fort Adams to Raleigh, this formation 
abounds in sandstone and arenaceous deposits, but to the southeast of 
this line it consists almost exclusively of clays. 

1Hilgard, E. W.: Am. Jour. Sci., 3cl ser., vol. 22, p. 58. 
2 Ibid., p. 50. 
3 Agric. :mel Gaol. Miss., 1860, pp. 147, 148. 

Bull. 84-11 
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At Grand Gulf the following section occurs :1 

60 
to Calcru:eous silt of the Bluff formation, form-
70 ingthe hilltops. (Loess.) 

1 I< "Gr.nd Gulf •ond600ne," in lodgoo 10 I inches to 2 feet in thickness; stratifica-
J tion often discordant and curved. 

15 Gray sanely material, sometimes soft sand
stone, with an ar,.illaceous cement; alter
nating with harder ledges, 6 to 10 inches 
thick, of friable, whitish sandstone. 

2! Solid whitish sandstone, of good quality. 
2! Greenish gray clay, with veins of CaC03• 
1 Soft white sandstone. 
~ Grayish yellow ]>i]lcday. 
1 Dal'k gray, brittle sandstone. 
3 Gray, semiindurate clayey sancl. 

· !17 Gray and yellowish sands and clays, semi· 
indurate, interstratified. 

The characters of 

2 ~ 3 Semiinclurate gray sand. 
1 5 2 Greenish gray clay, with veins of CaC03• 

section are very change
able, so that 50 yards 
away the lower portion 
of the section especially 
might appear• very dif. 
ferently. It is only the 
upper bed (No. 11) that 
possesses the peculiar 
structure which charac
terizes the " Grand Gulf 
sandstone," viz, grains of 
pellucid quartz, contain
ing rather coarse sand, 
imbedded in an opaque, 
white, enamel-like mass 
of silex, which forms 
quite half of the bulk of 
the rock. This peculiar 
rock has been observed 
in several localities in 
this vicinity, but toward 
the interior of the State 
it is replaced by ordinary 
siliceous sandstone, some
times compact but more 
often friable, with alter
nating layers of even 
softer material, such as 
sands, clays, lignites, etc. 

FIG. 2~l.-Section at Grand Gulf, Mississippi. 

North of Terry~ about a half a mile, Meyer 2 obtained the following 
section of this formation: 

Feet. 

l
l1o Light sanely clay. . 

{ 7 Sandsto~e, hare~ :;tboYe, softer below, containing small noclules of green clay or corro-
5 sponchng cav1t10s. 

} 5 Green sandy clay. 

Fro. 2-i.-Section one-half mile north of Terry, Mississippi. 

At Loftus Heights, Fort Adams, Wilkinson County, the Grand Gulf 
rocks appear at tl1e base of the exposure as follows: 3 

1 Hilganl: Agric. and Geol. of Miss., 1860, p. 148. 
2 Meyer, Otto: Am. Jour. Sci., 3cl ser., 1886, >ol. 32, p. 20. 
~ Hilgard: Agric. and Geol. Miss., 1860, p. 150, 
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Feet. 

} 70 Yellowish gray, cakarcou~ siltofiUufl"forma
tion. 

187 Orange sand, yellow, orange, and white sands. 

1,70 A<"ill"""'" "mlelono, ydlowi'h g.oy in 

In the northwesterly 
part of the Grand Gulf 
area silicified wood, espe
cially that of the palm, is 
by no means rare; lignite, 
too, is fairly common in the 
more argillaceous beds. 
The latter con taiu also'' im-

I 
its ma:1s, varic~atl'd with ferruginous spots 
and Yeins, an<lof<litl"erent degrees of hard
IH'SS, SO as to weather intO rough, jagged preSSiOJlS Of fresh- water, 

J sttrfact>s. Traceable to water's edge. . , l , · f 
FIG.25.-SectionatLoftusHeights,FortAtlams, Mississippi. lnV,l VeS lll a 'eW in-

Stances, as cited by l\1eyer,1 and a cast of Unio, from Stonington Sta
tion, Clairborne County, Miss., is in the National Museum collection. 

To the south and east of the line before referred to as separating the 
arenaceous from the argillaceous areas of the Grand Gnlf formation, 
there are but few if any compact sandstone beds to be found, though 
the clays contain various proportions of friable sand. 

The color of these clays 

8 

7 

6 

5 

4 

3 

2 

)

Feet. 

i~ Yellow and 1·ed sand, and pebbles (Orange 
30 sand). 

is various, thong h usually 
of a lighter shade than 
those of the' 'Northern Lig
nitic ;" blue, white, and 
even green shades are not 
uncommon. They contain 
lignite, pyrite, potash, 
soda, magnesia, and some 
times calcium carbonate. 
The last named ingredient 

40 Grayoryellowisbfinesaml, somewhat clayey is notably rare except at 
ancl indurate, washing into perpendicular one point, viz, "near Mr. 
rounded masses. In some portions quite 
cellular, the caYities rusty. Ben. Barnes's place, Sees. 

2 and 35, T. 4 and 5, R. 
12 E., l\iarion Cotulty." 
It was here that Hilgard2 

~ 3 Rethlish gray, cla;y<'y sand. f O U n d the '' chelonian i 6 Yellowish gray clay, almost white when dry, 

5 ~~~J~r'J.i~:: specks. and nodules of carbon· bones" that have been so 

1 

often cited as the only 
fossil vertebrate l'emains 

r 

20 Hamly clay variPgatcd with pale red aml gray found in this formation. 
(~tlluc as No. 6). A section of the various 

Htrata in this immediate 
j~ 2 White imlnrato Raml, fine grained. vicinity is given by Hil-

l 
6 oliclgr_ayclay, with massy cleavage, very fat; 

contmns roundctl masses several inclH'H gard (Fig. 26).3 

thick,oflightgree11 clay, with whitelaruium. The 6_fioot bed cont~11.n-
~ 1 Blue sandy clay, as at Pope's :Ferry. ~ 

FIG .. 26: - f)ec~ion at "Barnes's wlJite bluff," Marion County, ing carbonate of lime (No. 
MISSlSSlppl. 

1 Meyer, 0.: Am . .Tour. Sci., 3<1 ser., 1886, vol. 32, p. 25. 
2 Hilganl: Agric. ancl Geol. of Miss., 1860, p. 151. 
3Ibid.,p.179. 
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5) has been used to a limited extent as a fertilizer, and is often called 
"marl." 

Another excellent exposure of these clays may be seen on Strong 
River, Simpson County, Sec. 6, T. 10, R. 20 W. .At this place a local 
western dip of 15°-20° gives an exposure of about 110 feet, although 
the outcrop is nowhere over 40 feet high. "The materials here contain 
abundant vestiges of leaves, but so poorly preserved as to be gener
alJy unrecognizable; the only form made out with certainty was a 
fragment of fan-shapeu palm-leaf.'11 

On the Chickasawhay and Pascagoula rivers Hilgard found2 but few 
outcrops of the Grand Gulf formation. The most northerly of these, 
2 miles south of Winchester, Wayne County, is of the highest impor
tance on account of the well preserved lignitized trunks of trees found 
on the spot where they grew with their roots imbedded in the ancient 
soil. Successive layers of leaves are to be seen covered by thin sheets 
of whitish sandy clay. The whole is covered by about 20 feet of Orange 
sand. 

Section at Sam. Power's, neal' Winchestfw, Mississippi. 

Feet. Inches. Character of strata. No. 

---
18 ............. Yellow sand with pebbles in :its lower portions 

(Orange sand) .......•........ _. _. _ ...... _ ...... 5 

---

.. --- ........... 18 White sand with nodules of pipe clay .............. 4 

--- --

............. 1 Black clay with leaves ......................... -~. 3 

---
3 ............... Gra.yish white sand with vestiges ofleavcs on strati-

fication lines ....••.............................. 2 

---

5 ............. -.. Bluish sandy clay, with roots and trunks of Cuptt-
lifens, Coniferre, and Palmre ...... _ .............. 1 

Gnathodon bed in Greene Gounty.-Though Hilgard examined this 
region more or less closely to the Gulf shore, we owe to L. C. Johnson 
the discovery of a very important bed in ·sec. 27, T. 1, R. 7 W., Greene 
Cotmty (not far from Verne!), which contains an abundant lamellibranch 
fauna 3• The bed, which we have called the Gnathodon bed, consists of 
a brownish clayey sand, packed with a small undescribed species of 
Gnathodon, while Mactra lateralis Say, of the existing southern type, 
and an oyster of gigantic proportions, resembling Ostrea titan of the 
west coast, are by no means uncommon. It is probable that these 

I Hilgard: Agric. and Geol. of Miss., 1860, p. 151. Similar leaves were obtained by Burns from tha 
lignitic sand becl above the Ecphora bed at .Alum Bluff, Florida. 

2 .Agric. and Geol., Miss., 1860, p.l53, aml.Am. Jour. Sci., 2d ser., vol. 2, p. 401. 
a See specimens in U.S. Nat. Mus. 
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beds 1 may represent the same horizon as do the obscure bivalve im
pressions of Baldwin County, .Ala., di~covered by Mr. Bigelow fifty 
years ago.2 

The Grand Gulf group has usually been regarded as Miocene, since 
it lies above the Eocene Vicksburg group and passes beneath the" Coast 
Pliocene." It is so considered by McGee, who regards 3 as probably 
Pliocene the superincumbent Orange sand which forms part of his 
Lafayette. Hilgard, however, in one of his more recent contributions 
to the subject,4 says: "Clearly the Grand Gulf rocks alone represent 
on the northern borders of the Gulf the entire time and space interven
ing between the Vicksburg epoch of the Eocene and the stratified drift,'' 
the latter of which he regards as Quaternary. In the same article he 
estimates its thickness as not over 250 feet. 

It is obvious that the Grand Gulf formation constitutes a typical 
perezone, bordering the lower part, at least, of the great :Mississippi 
embayment, thP, landward portion consisting of the sandy beach forma
tion on or near which grew palmettos, swamp cypresses, and pines; 
where tortoises wandered; where there were occasional lagoons of which 
the water was not muddy enough to destroy all the oyster embryos, and 
where the mud-loving Ilfactra lateralis and Gnathodon found a congenial 
retreat. Seaward the terrigenous deposits from the Mississippi drain
age were laid down in argillaceous strata, which, like those laid down 
by the same great river to-day, contain hardly a trace of organic life. 

The lignitic sand, with impressions of palmetto leaves, which occurs 
above the Ecphora bed at .Alum Bluff, seems likely to represent the 
eastern feather-edge of this formation. If this be so, the age of the 
upper part and later condition of the Grand Gulf perezone would be 
not older than the latest Miocene. This supposition harmonizes with 
the presence of Mactra lateralis, which is a Pliocene and recent rather 
than a Miocene species. 

Parallelism of later terrigenous deposits.-.An interesting fact in this 
connection is the almost complete parallelism of the present extension, 
at the bottom of the Gulf of Mexico, of the terrigenous deposits from 
the Mississippi Valley drainage with that of the Grand Gulf group as 
at present understood. The present deposits of mud cease 5 at a point a 
little westward of the Appalachicola River mouth on the one hand, aud 
on the other, in the vicinity of Vera Cruz, :Mexico. The coarser mate
rial forms an inner band, while the finer silt borders it to seaward, just 
as do the sandy and clayey beds of the Grand Gulf. The latter, how
ever, was deposited for the most part in relatively shallow water, alHl 
contains material more coarse than anything which at present is being 
laid down off the Gulf coast. 

I .Johnson in his MS. reports to the U.S. Geological Survey names this fossiliferous bed, with other 
adjacent strata, the "Pascagoula Group." 

2 .Artemas Bigelow, .A.m . .Tour. Sci., 2d eer., 1846, vol. 2, pp. 419-422. 
s .A.m . .Tour. Sci., 3d ser., 1890, vol. 40, p. 32. 
'Eug. W. Hilgard, .A_y,, .Tour. Sci., 3d ser., vol. 22, p . 59. 
5Agassiz: Three cruises of the Blake, 1888, vol. 1, p. 286, chart 191. See also Coast Survey Report 

for 1880. 
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THE LAFAYETTE FORMATION. 

The second and more recent formation in this state which 
assigned a Neocene age is a continuation of the series of cross-bedded 
gravels, sands, and clays, termed by McGee the .Appomattox (more 
lately Lafayette) formation (Orange sand partim of Hilgard). 

This formation, according to McGee, characterizes the greater part of 
the surface of this State. Its thickness and constituent materials de
pend very largely upon the ancient topography and litholqgical features 
of the beds upon which it was deposited. It generally prevails over 
the terrane of the Potomac formation " despite the considerable altitude 
and high local relief, save in the valleys of the largest rivers." Over 
the less elevated terrane of the Eutaw sands it is more frequently and 
more widely cleft by drainage ways, and it~ remnants are thinner; 
over the next newer formation (the Tombigbee chalk), which lies flat 
and low, the greater part of the Lafayette has been carried away from 
northeastern Mississippi to beyond the .Alabama River, so that it is 
commonly represented only by isolated belts and irregular patches, 
which, as Smith has shown, most frequently lie on the northern slopes. 
Over the terrane of the Eufaula sands, in which the local relief again 
increases, the remnants of the Lafayette quickly increase in number 
and. expand until the formation once more forms the prevailing surface 
on the uplands, though the Cretaceous deposits are laid bare along most 
streams and form the prevailing lowlands. Over the eight or nine 
lower Eocene formations into which the Lignitic of Hilgard has been 
divided by Smith and Johnson, and among which clay is the predomi
nant material, the Lafayette still further expands until it forms almost 
the entire surface, highland and lowland alike, save in the valleys of 
the larger rivers. Still farther south lies the great siliceous deposit of 
the middle Eocene, commonly known as Buhrstone-the Choctaw buhr
stone of Smith; its rocks are the most obdurate of the entire N eo zoic 
series within the Gulf slope, and so its general surface is elevated and 
sculptured into a complex configuration of pronounced relief and sharp 
contours; yet, despite these conditions so exceptionably favorable to 
degradation, the .Appomattox frequently maintains its integrity over 
considerable areas. Beyond the hill-land of the Buhrstone lies the 
lowland formed by the predominantly calcareous newer Eocene forma
tions-the Claiborne, Jackson, and Vicksburg-over which the Lafay
ette is again trenched by almost every water way and reduced to ragged 
remnants only more extensive than those overlying the Tombigbee 
chalk; but upon the silico-argillaceous terrane of the Grand Gulf the 
remnants once more expand until they form the greater part of the sur
face, save along the larger water ways, as about Hattiesburg in central 
Mississippi. 

In short, the formation is generally preserved over loamy and clayey 
terranes, much more seriously invaded by erosion over sandy terranes, 
and largely degraded over calcareous terranes.1 

l.McGee: .A.m. Jour. Sci., 31 sor. 1890, vol. 40, pp. 29-30, 
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The thickness of this formation is obviously extremelv variable. 
Perhaps the greatest known thickness is at the University of Missis
sippi where, from well-borings, it was found to be somewhat over 200 
feet.1 

Regarding the position of this formation in the geological scale, 
McGee makes2 the following statements: 

No fossils have thus far been found in the Appomattox formation except at Merid
ian, where Johnson has found it to contain well preserved magnolia leaves apparently 
identical with those of trees now growing· in the same vicinity. Its stratigraphic 
position, unconformably below the Pleistocene and unconformably above the (prob
able) Miocene Grand Gulf formation, indicates an age corresponding at least roughly 
with the Pliocene. 

Hilgard has constantly maintained that his" Orange sand" (a more 
comprehensive group than the Lafayette) belongs to the Quaternary 
age. He finds in it fossils from the Silurian rocks up, but none which 
he regards as characteristic of the deposit itself. Its distribution, 
local characteristics, probable origin, and so forth, are discussed at great 
length in his report on the Agriculture and Geology of the State of 
Mississippi. 3 

These difficulties and the conditions of occurrence indicate that the 
Lafayette formation is perezonal in its nature and that its deposition 
is due to a depression of the surface which occurred after the Grand 
Gulf had been laid down and which was followed at a later time by an 
equivalent elevation. These movements may have been synchronous 
with the slight depression during which the middle Pliocene beds of 
South Florida were laid down. But in the latter region the vertical 
movements were slight, while north of the Floridian region their range 
was evidently much greater. 

LOUISIANA. 

The two formations that characterize the Neocene Tertiary in Ala
bama and Mississippi appear likewise in Louisiana. 

GRAND GULF GROUP, 

East of the Mississippi River, the seaward argillaceous phase of the 
Grand Gulf formation presumably extends some distance into this State; 
yet thus far we fail to find that any outcrop has been noted. Hopkins 
states in a general way 4 that it "reaches the strata of the Bluff' period, 
in about township 4 or 5 south, on both sides of the river," and so he 
represents it on his "Preliminary Geological Map of Louisiana." The 
artesian well at New Orleans, sunk5 to the depth of 630 feet, failed to 
reach this formation or even the " Orange sand." 

IE. W. Hilgard: Agric. and Geol. Miss., 1860, p. 6. 
~Ibid., p. 33. 
3 Op. cit. pp. 5-46. See also Am . .Jour. Sci. 2d ser.1866, vol. 41, p. 311. Ibid., 3d ser. 1871, vol. 2, p. 398. 
4 Louisiana State Univ. Rep. for 1870, containing 2d Ann. Rep. Geol. Surv. LE,., by Dr. F. V. Hop-

kins; Il- 18. 
5 Rep. on the Geol. Miss. Delta, by E. W. Hilgard, in the Rep. of the Chief of the Engineer Corps 

U. S. A.., to the Secretary of War, 1870. 
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Wc8t of the l\lisf;issippi ·no Grand Gulf rocks appear for some 
tance, owing to the breadth of the'' bottom lands" along the Mi.ss].ssippj 
and its great tributaries. They reappear, however, on Sicily Isle, 
Harrisonburg, Catahoula Parish, and between this point and S 
River occupy a large triangular area, as shown by Hopkins's map, 
as minutely described by him in his :First Annual Report of the 
iana State Geological Survey, in 1869. 

Feet. 

1 
I 
~ 15 Red clay, with p<'bbles (drift). 

J 
~ 7 Sandy yellow clay (drift). 

~ 4 Sandy 11eb ble conglomerate (drift). 
~ 1~ Sandy joint clay, red-striped (drift). 
~ 1 l!'ine white sandstone. 

t 10 Blue clay, massy cleavage. 

)~ Sanu rock with layers of clay. 

J Bluish clay, massy cleavage. 

l 
r 15 Hard white clay. 

j 8 Le<lger; of R. androck, from 3 feet to 3 inches 
thick, separated ll.Y layers of clay. 

1 Light clayt•y sand. 
~ ! Gray sanu rock, Yery hard. 
1 
~ 10 Clay, massy spherical cleavage. 
j l 7 \Yhite and ferruginous clay shales. 

FIG. 27.-Section at Harrisonburg, La. 

Here, as in Mississipp4 
the northerly portion 
this formation is character
ized by a predominance 
of arenaceous material, 
producing a series of 
escarpments 1 that break 
down abruptly on to 
the marine, calcareous 
Eocene, whereas,2 toward 
the south, argillaceous 
matter predominates and 
the descent toward tlle 
Gulf is barely l)erceptible. 
In general, the Grand Gulf 
rocks of this State are the 
exact homologue of tlwl::le 
in Mississippi. To illm;
trate, a section is here 
given of the various beds 
exposed at Harrisonburg.3 

In some localities, however, a very white clay is not uncommon, which, 
owing to its general appearance, has usually been termed "chalk." 
The following section represents its stratigraphic relations 4 at the 
"Chalk Hills," Sec. G, T. 10 N., R. 5 E. 

1 2<1 Ann. Rep. Louisiana Geol. Snrv., 1870. F. V. Hopkins in La. State Univ. Rep., 1871, pp. 18-20. 
2 Hilgard, R \\~.: Am. Jour. Sci. 3tl. ser., 1869, Yol. 2, ll· 397. 
31st Ann. Rep. Louisiana Geol. Sun'., 1869, F. Y, Hopkins in La. State Univ. Rep., 1870, p. 99. 
4 Hopkins, F. V.: 1st .Ann. l{ep. Lonisiana, State Geol. Surv., in La. State Univ. Rep., 1870, p. 100. 
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1 Feet. 

115 S<md mok ond '""''""' •oil. 

~ 6 "Chalk," a very :fine w bite clay. 

} 5 Indurated and cracked clay rock. 

1 

33 Clay with massy cleavage. 

r 1 Indurated cracked clay rock. r 1. Ocherous yellow clay. 
1 
~ 15 Yellow streaked clay shale. 

.. MasAy blue clay, 25 feet or more. 

Pure white shales are 
not uncommon. These, 
together with the" chalk," 
become very noticeable in 
the "Fayette beds" of 
Texas. 1 Calcareous mat
ter, too, is more abundant 
in this State than in Mis
sissippi, while it is far lm;s 
so than in Texas. Ana
coco prairie,Z in the south
western part of Sabine 
Parish, and the so-called 
"black land· spots," are 
produced by the outcrop
ping of "marl" beds. 

The thickness of this 
formation cannot be ascer
tained with any great de
gree of accuracy from sur
face estimates, owing to 
a lack of continuity in its 
constituent strata; never
theless, Hopkins has esti
mated 3 that near Har-

FIG. 28.-Section at the Chalk Hills, La. rison burg it i~ about 182 
feet thick, while south of Cloutiervi1le and on the Bayou .Kisatchie it 
may be 325. 

"The strata are gen~rally n~arly horizontal, but many places show 
slight southeast dip~. The disturbances, though noticeable enough 
where the hills are high, as at Harrisonburg, are by no means as great 
as in the older members of the Tertiary." 4 

The absence of this formation at Kirkman's, and the Louisiana Oil 
Company's well, on the west fork of the Calcasieu River, is somewhat 
remarkable, since Port Hudson, Orang·e sand, Vicksburg, and Creta
ceous groups were penetrated in one if not in both wells. 

On this point Hilgard remarks :5 

The rocks of the Grand Gulf age should have appeared in these profiles directly 
beneath the drift materials, but nothing has been found resembling them in the least, 
and since, ~fall the Tertiary groups, this one is the most persistently uniform in its 
lithological character, its absence might be takeu as proved-it having, doubtless, 
been removed through the agency of the drift currents. 

I Penrose: 1st Ann. Rep. Geol. Surv. Texas. 
2 Hopkins, F. V.: 2d Ann. Rep. Louisiana State Geol. Surv., etc., p. 20. 
a 2d Ann. Rep. Louisiana State Geol. Surv-., etc., p. 19. 
4 Hopkins, F. V.: 1st Ann. Rep. La. State Geol. Surv., etc., p.lOl. 
6 Hilgard, E. 'V.: Final Rep. Geol. Reconn. Louisiana, 1873, p. 41. 
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Although Hopkins found 1 no fossils in this terrane capable of specific 
determination he follows most writers on the subject and attributes 
it a Miocene age. This view he believes to be strengthened by the fol
lowing considerations: The formation is stratigraphically above the 
Eocene. Its upper surface evidences a long period of aerial erosion 
before the drift (Quaternary) was deposited upon it. This period di
rectly before the Quaternary was the Pliocene. Hence the formation 
itself was laid down during the Miocene period.2 

LAFAYETTE FORMATION. 

Overlying the Grand Gulf and aU the older formations of this State, 
save where their beds are highly calcareous,3 is a deposit of water-worn 

, pebbles, sands, and clays termed by Hilgard 4 and Hopkins 5 "Orange 
sand" or" Drift." Its thickness here, as in Mississippi, is extremely 
variable, but increases generally toward the gulf. 

Thus at Carolina Bluffs it is about 50 feet thick, at Grand Ecore and Harrisonburg 
about 25 feet thick, and in the cuts on the Shreveport and Marshall Hailroad it is 
seen to vary from a few feet to a few inches, as it follows the double contour of tlt6 

ancient and present hills.6 

In Kirkman's well, on the West Fork of the Calcasieu River, it is over 
96 feet thick, and in the Louisiana Oil Company's well it is about 17 4 feet.7 

A few slight outcrops of this formation have been noticed on Weeks 
and Petite Anse Islands, near the gulf border. These are indeed 
somewhat erratic, since generally in the southern part of the State the 
Port Hudson group overlies the Orange sand with a considerable 
thickness of deposits; e. g., at the Louisiana Oil Company's well above 
cited, the Port Hudson group is 160 feet thick; in the Kirkman's well, 
354; at New Orleans 8 no Orange sand was encou~tered at a depth of 
630 feet. 

Not knowing how much of this formation will ultimately be classified 
as "Lafayette," we forbear from discussing it more in detail. 

TENNESSEE. 

LAGRANGE GROUP. 

As yet we are unable to state with certainty whether there are any 
deposits in Tennessee that can properly be classified as N eocene, but 
inasmuch as McGee 9 has recognized the Lagrange group of Sa:fford1o as 

I 1st Ann. Rep. Geol. Surv., etc., p.lOO; 2d Ann. Rep., pp. 20-21. _ 
:Hopkins, F. V. : 2d Ann. Rep. Louisiana State Geol. Surv ., 1870, in Rep. La. State U ni;v ., p. 21. 
a Am . .Jour. Sci., 2d ser., 1869, vol. 48, p. 334. 
4 Suppl. and Final Rep. Geol. Reconn. State of La., 1873. 
5 Hopkins: 1st Ann. Rep. Louisiana State Geol. Surv., 1869, p.104. 
6 Hopkins: 2d Ann. Rep. Louisiana State Geol. Surv., 1870, p. 23. 
7 Hilgard, E. W.: Suppl. and Final Rep. Geol. Reconn. Louisiana. 
& Hilgard, E. W.: Rep. to the Chief of Engineers, U.S. A., Gen. A. A. Humphreys, on the Geol . .Age 

of the Miss. Delta, 1870. 
9W . .r. McGee: Orally. 
10 .Jas. M. Saffo1'd: Am·. Jour. Sci., 2d ser., 1864, vol. 37, p. 3GD.; aml Geol. Tenn., 18GD, p. 424. 
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belonging to the Lafayette formation it will here be briefly noticed. This 
group occupies more than a third of the entire surface of west Tennes
see; it includes a belt about 40 miles wide, which runs in a north-north
easterly direction through the central portion of this division of the 
state. As seen in bluffs, railroad cuts, gullies, and in nearly all expos
ures, it is generally a great stratified mass of yellow, orange, red, or 
brown and white sands, presenting occasionally an interstratifiecl bed 
of white, gray, or variegated clay. It often contains vegetable matter, 
tnmks of trees, lignite, etc. It is typically exposed at Lagrange, 
where a section 100 feet in height may be seen. 

Safford assumed the thickness of this group to be 600 feet. He, 
moreover, supposed it to dip slightly to the west, and to underlie his 
"Bluff Lignite." The incorrectness of the latter supposition has re
cently been pointed out by Loughridge, 1 who holds that the Porter's 
Creek group (Flatwoods) and the "Bluff Lignitic" are really one and 
the same formation " as shown in the bluff of the Ohio on the Illinois 
shore at Caledonia, as well as by the continuity of the belt on the east, 
north, and west of the Purchase region." 

No fossils except the remains of plants have been obtained from this 
group. 

Among the fourteen species of fossil leaves obtained by Lesquereux 
from near Somervillle and Lagrange, three only were identified with 
living forms.2 In 1861 he expressed the opinion that they probably be
long to an upper Miocene horizon.3 Safford, however, still classifies this 
group as Eocene Tertiary.• 

KENTUCKY. 

LAGRANGE GROUP. 

The Lagrange group of Safford (Lafayette formation) is found well 
developed in that portion of this State lying between the Tennessee and 
Mississippi rivers,5 where it occupies a broad belt passing north and 
south through the central and western part of this region, and lies, as 
it were, in a deep trough in the Lignitic deposits (Bluff Lignitic or Por
ters Creek group of Safford). It is generally covered by Quaternary 
deposits, yet is frequently met with along ' the courses of streams, in 
cuts, wells, etc. It consists of light colored, cross-bedded sands and 
white pipe clays, the former of which predominate, are usually fine, 
nonmicaceous, and sometimes variously colored, while the latter are 
frequently highly gypsiferous. 

Loughridge,6 though strongly inclined to regard these beds as 
"lowest of the Quaternary stratified drift," nevertheless places them 
provisionally in the Tertiary, though above the Eocene division. From 

1 R. H. Loughridge: Geol. Surv. Kentucky. Jackson Purchase 1·egion (F), 1888, p. ~. 
2 Geol. of Tennessee, 1869, p. 425. 
3 Am. Jour. Sci., 2cl ser. 1864, vol. 37, p. 370. 
4 Am. Geol. Railway Guide; Jas. Macfarlane, 1890, p. 401. 
6 R. H. Loughridge: Report on the Jackson Purchase region (F), Geol. Surv. of Kentucky, 1888, p. 53. 
6 Ibid., p. 52. 
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the specimens of fossil leaves sent by him from Boaz station, 
County, to the U. S. Geological Survey, 1 Lesquereux made2 :five 
cations, viz, Ficus 'ln'ltltinervis Heer, Laurus californica Lx., 
f'alcifolius AI. Br., Quercus cf. cuspidata, (Rossm.) Ung., Quercus 
folia AI. Br. These are all extinct species, but they render no great 
in the determination of the age of their horizon, though they 
do indicate a preglacial age. 

Thus far this group has yielded no other fossils. Its strati 
and lithologic characteristics are well defined in Loughridge's report 
the ~T ackson Purchase region, while its geographical distribution 
shown on an accompanying sheet. 3 

ILLINOIS. 

Tertiary sands and clays.-A Tertiary series of stratified" sands 
clays of various colors" is mentioned by Worthen4 as best developed 
Pulaski County, though found to some extent in Alexander and U 
counties. Whether any part of them- will be found to belong to 
Lafayette formation can not at present be determined. There 
to be 110 ground for supposing that any other N eocene deposits exist 
this State. 

MISSOURI. 

A series made up of clays, sands, and iron ores, more or Jess indu 
rated, extends in l>lnifs skirting along the bottom lands from Commerce, 
Scott County, westward to Stoddard, and thence south to Chalk Bluff, 
Arkansas. No fossils have been found in these beds, but Swallow 5 has 
referred them provisionally to the "Tertiary" without attempting to 
designate the subdivision. 

TEXAS. 

Considered from a genetic standpoint, there are three very distinct 
_groups of post-Eocene Tertiary deposits in this state, viz, (1) the brack· 
ish-water Fayette (Grand Gulf) beds, (2) the perezonal Lafayette for
mation, (3) the interior lake deposits. These will be considered 
the order mentioned. 

GRAND GULF GROUP. 

In 1871, Prof. E. W. Hilgard presented to the geological section of 
the American Association for the Advancement of Science6 a" Geolog
ieal J\Iap of the J\fississippi Embayment," illustrative of an article "Ou 

J Geol. Surv. Ky., Jackson Purchase region, 1888, p. 56. 
t Proc. U. S. :M:usoum, 1888, Pll- 11, 12. 
s See Map No. 1, accompanying Geol. Surv. Ky. (F), etc. 
'Geol. Surv. Ill., vol. 1, 1866, pp. 44-4-6 and pp. 417-423. 
5 G. C. Swallow: Proc. Am. Assoc. Adv. Sci., 1857, vol. 11, n, p. 2-3, and Parker, "Missouri u.s it is in 

1867," p. 123. 
& See the proceedings, vol. 20, map opp. p. 222. 
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the Geological History of the Gulf of l\Iexico." On this map the Grand 
Gulf group was represented in Texas as occupying a belt of varying 
width, just inland from the Port Hudson, from the Sabine Hiver to 
Camargo on the Rio Grande. The correctness of this partly hypothet
ical distribution was proved by Dr. R. H. Loughridge/ who eight 
years later, while making a reconnaissance of the state in connection 
"·ith the agricultural investigations of the Tenth Census, noted the 
o{'cnrrence and character of this formation at Trinity on Trinity River; 
at Chapel Hill and Brenham, Washington County; at Lagrange, Fay
ette County; near Cuero, De Witt County; and from hearsay traced its 
Pxtension through Live Oak and Duval counties to Hio Grande dty 
on the l{.io Grande. 

In 1889 Mr. R. A. F. Penrose, jr., published "A prelimina1y report 
011 the geology of the Gulf Tertiary of Texas, from Red Hiver to the 
Hio Grande," in the first annual report of the geological survey of 
'rexas, wherein he designates 2 the formation under consideration "The 
Fayette beds," though acknowledging their equivalency to Ililgard's 
"Grand Gulf." 

This report describes in detail the characters of these beds a:.s they 
crop out along the Colorado, the Brazos, and the Hio Grande. 

Colorado River section.3-ln going down the river, the first typical 
exposure of Fayette beds is seen in a bluff at the mouth of Barton 
Oreek, though low clayey banks appear some distance above. The 
various strata at this point appear as follows: 

Feet. 

· .· } 12 Quaternary red san(l and gravel. 

} 16 Light-brO'\\'Il sand and clay. 

~ Ii Lenticular becl of lignite. 

The whole formation is 
much faulted and jointed, 
and dips 20 to 50 southeast. 
Farther down the river the 

} 10 Cl~~;~l~~~~lc~~l~~~~:~md and clay, with gyp- so-called '' Chalk blufl's," 
~ 1 Lignite. 12 and 6 miles above La-

1[ grange, respectively, con-
55 Interlaminated l>eds of gray sancl and clay of tain about the same rna

a black, chocolate, or watery green color, 

J

' with gypsum ancl sulphur. terial, though the propor-
tion of white clays and 

> 2-4 Lignite. sands, or those that become 
}3 Strata similar to those of 6. white, is SO great as to give 

FIG. 29.-Section at mouth of Bart~n Creek, Colorado River, 
Texas. the exposures a chalky ap-

pearance. Gypsum, sulphur, and lignite are common at both of these 
bluff's. The latter, however, is characterized by numerous leaf impres
sions, especially in its lower portion. 

Four miles by river, above Lagrange, is "Palm Bluff," about 100 feet 
high. Its upper 30 feet is compm:;ed of sand, in places hardened into 

I Census Reports of 1880, vol. 5, p. 679. 
2 Op. cit., p. 47. 
3 lbid.1 p. 52. 
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a friable sandstone. This is composed of sharp siliceous grains, 
times coarse, the size of mustard seed or larger. Many impressions 
palm or palmetto leaves as well as silicified stems and trunks are 
in this sand. Toward the middle of the bluff clays and 
seams appear; the lower portion is covered by detritus. 

Lagrange Bluff, 2 miles below the town, is the most southerly 
posure described. It is very similar to Palm Bluff. State 
Dumble, however, has noted the occurrence of Fayette sands as 
south as Wharton, Wharton County. 

Brazos River section.-The Fayette beds first make their aPloearan.ce 
on this river near the mouth of the Little Brazos. Here a slight 
is formed by their cross-bedded indurated sands. The same 
green and chocolate colored clays, with sands, lignites, and silicified 
wood appear on this river as on the Colorado. Sulphur Bluff, 9 miles 
below Moseley's Ferry, in the eastern part of Burleson County, con
tains the following bed: 

Feet. 

) 10 L;ght b"wn h"'denod =dy clay. 

1 t

1
1 

Lignite. 
Gray sand. 
Lignite. 

I 
\r· 20 Interbedded gray sand, and chocolate and 

greenish clay, bleached white in places on 
the surface. 

Still farther down the 
river, at points respect
ively 8 and 3 miles above 
the mouth ofYegua Creek, 
similar bluffs of clays, 
sands, and lignites appear. 
About 2 miles below this 
creek, a low bluff occurs, 
capped with a coarse sand
stone containing frag. 
ments of silicified wood, 
small shark teeth, and 
worn pieces of bones one
half to 2 inches long. A 
mile and a half below this 
a hill rises 100 feet above 
the river bottom that 
closely resembles the 

FIG. 30.-Section at Sulphur Blnff, Brazos River, Burleson L Bl :ff' s· 'I 
County, Texas. agrange U • 1m1 ar 

strata are seen as far down as the southern part of Washington County. 
The coarse sands passed through at considerable depths in artesian 
wells at Houston and Galveston belong probably to this formation. 

Rio Grande section.-The "Fayette beds" on this river are very simi
lar to those on the Colorado and Brazos. The first undoubted beds of 
this series are seen 5 miles below the town of Roma; though it is possi
bl(\. that certain strata above this place as far as the Rio Salado and 
Carrizo should be included here. Light sea-green clays, containing 
many impressions of leaves, predominate at first. Three miles below 
these clays are overlain by 15 feet of sandstone, with concretions, frag
ments of silicified wood, and a few broken pieces of oyster shell. Rio 
Grande city is situated on a bluff of hard white clay, which probably 
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represents the sea-green clays of the Fayette beds, and has become 
indurated by exposure to heat in a dry climate. The most southern 
exposure of Fayette sands is at Hidalgo, Hidalgo County. 

Such, then, are a few of the more important characteristics of the 
Fayette beds as seen along the banks of three great rivers. To the 
east of the Brazos Mr. Penrose's observations seem not to have extended. 
Between this river and the Colorado he notes briefly the topography, 
flora, and general features of the soil. Between the Colorado and Rio 
Grande he cites the observations of Loughridge. 

Among the various inferences he has drawn from his study of the 
Fayette beds are the following: (1) The minimum thickness of these strata 
is 350 feet and probably nearer 400. (2) The lower part of the series is 
clayey and sandy; often hard, producing rapids in the water courses 
and a comparatively broken surface along the northern line of outcrop. 
Higher up in the series clays predominate, then suddenly the sands 
assume predominance and chiefly make up the upper half of the forma
tion. (3) There is far more calcareous matter in these beds than in the 
Grand Gulf of Mississippi or Louisiana. (4) The clay at the base of 
the series is much thicker than in those States. (5) There are no indig
enous fossil remains in these beds. The fragments of oysters, sharks' 
teeth, etc., appear to have been washed in from subjacent formations. 1 

(6) The formation is continuous, occupying a bed often 60 or even 100 
miles wide, from the Sabine to the Rio Grande. 

If Mr. Penrose's measurements of clip be reliable the formation may 
prove to be considerably over 400 feet thick, since the general amount 
of dip along the Colorado and Brazos seems to be about 2° or 30 to the 
southeast. 

Lafayette group.-Penrose has noted the occurrence of gravel deposits 
high up on the banks of the Brazos, Colorado, and Rio Grande, where 
they are from 1 to 15 or more feet in thickness. They contain limestone, 
flint, quarts, silicified wood, jasper, chert, etc., and are presumably the 
Tex3Jn representative of Hill's "Plateau gravel" in Arkansas,2 though 
they seem to be more confined to the large water courses, theiT ouly 
representatives on the hills being a few scattered pebbles. To what 
extent these may be included in the Lafayette formation remains for 
future investigation to determine. 

LAKE BEDS OF THE IN1'ERIOR. 

We believe there can be no doubt that during later Tertiary times the 
Lroad sheets of fi'esh water that flooded the plains of the West extended 
southward well into the State of Texas. Such has been the opinion of 
those who have studied the lake deposits of this period, though their 
observations were mainly confined to the regions farther north, in Kan
sas, Colorado, Nebraska, and Dakota. 

1 Excr.ption must be taken to this rule if we include among the Fayette beds the beds about Rom:~ 
in which the numerous specimens of Ostrea georgiana? nre fonud, ancl also the "Meretrix'' found 
by Buckley iu the central part of Washington County. Cf. Buckley's First Annual Report, p.6a. 

2 Ark. Geol. Surv., .Ann. Rep., 1888, vol. 2, p. 36. 
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"Mr. Robert T. Hill has made brief mention in three short papers of 
very interesting fact concerning the age of the Staked Plains, and 
extent of the fresh-water Tertiary formations of the West eastward into 
the Texas region. The whole of the great mesa known as the 
Estacado and some of the basins of the trans-Pecos region, near El 
Paso, are composed of sandy loams, grits, and pebbles of this formation, 
This area in western Texas and eastern New Mexico extends in places 
eastward to the one hundredth meri<:J-ian, and is a direct continuation 
southward of the sa,me formation in Kansas and Nebraska. Its south
ern limit on the Rio Grande is near Del Rio, and the whole area, which 
is as large as New England, has been colored Cretaceous and Jurassic 
upon previous maps. The formation has afforded fossil bones in various 
places, but these, as yet, have been unstudied. It rests unconformably 
upon the Comanche series, the Jura-Trias, and the various rocksin the 
mountain ridges. Everywhere at its base it affords an abundant sup
ply of well water, which has proved of great value to the settlers who 
are now rapidly locating on the Staked Plains. The Fort Worth and 
Denver road traverses the formation from Clarendon to Tascosa, and 
the Texas and Pacific from Sweetwater to the Colorado valley, and 
thence westward. This additional knowledge upon the former extent 
of the great inland lakes of Tertiary times is important, in that it nearly 
doubles the areal extent hitherto acknowledged, and enables us to locate 
the narrow continental divide between the Gulf of Mexico and the Ter
tiary lakes with greater accuracy. Dr. Otto Lerch has corroborated 
the extent of these beds in a recent article on the Concho country in 
the Anwrican Geologist for 1890.1'' 

llill gives the thickness of these beds as between 100 and 300 feet. 
He styles them the" Staked Plains formation." 2 

Farther south, in Washington, Bastrop, and Navarro counties, many 
osseous fragments have been found in digging wells from 20 to 50 feet 
deep. Some of these Dr. Leidy 3 has studied, described, and referred 
to the "l\fiocene" or "Pliocene," generally, however, to the latter, or to 
the horizon of the extensive deposits of Niobrara and Little White 
rivers and Bijou Hill. The identification of Hipparion specioswn, 
Procamelus occidentalis, and Merychippus insignis, may be regarded as 
indicative of this horizon; Rhinoceros rneridianus, according to Leidy, 
" presents much the general aspect of the Mauvaises Terres fossils of 
White River, Dakota, with which it is probably of contemporary age." 4 

JAm. Nat., 1891, vol. 25,p.49. The "three short papers" referred to in this quotation are as fol· 
lows: (1) Notes on the Geology or-Western Texas: Bulletin Texas State Geol. Soc., Sept., 1888; (2) 
Topography and Geology of Texas Region: Pro. Am. Ass. Adv. of Sci., 188!>, and (3) Classification 
and Origin of the Chief Geographic Features of the Texas Region: Am. Geol., 1890, vol5, pp. 9, et seq. 
In those, boweYer, we fail to find some of the points made in the above quotation. 

2 ..A.m. Geol., 1890, vol. 5, p. 28. 
3 U.S. Geol. Surv. '.rerr., vol.l, "Fossil Vertebrates," 1873, pp. 247,248,258, andJour.Phila.Acad. 

Nat. Sci., 186!>, (2) Yol. 7, pp. 219, 22!>, 402. 
4 Jour. Phila. A.cau. Nat. Sci., 2d ser., 1869, vol. 7,p. 229. 



DALLAND~ 
lU.RRIS. 5 LAKE BEDS OF THE INTERIOR. 177 

These fossils are generally found in a calcareous sandstone formation, 
the extent of which is unknown. 

Southwestern Texas, especially Nueces County, has furnished numer· 
ous vertebrate remains that have been referred to the widely distributed 
Equus beds. Of these Cope 1 has described or identified five species of 
Equus, two of Mastodon, one of Oistudo, and one of Glyptodon (G. 
petaliferus). 2 

Concerning the distribution of the first-mentioned genus, Cope re· 
marks: 

Of the :five species of Equus of southwestern Texas, four have been found in the 
Pliocene of the valley of Mexico, and one is peculiar to the Pacific coast and basin 
of North America. Of the characteristic species of the eastern United States, E. 
fraternus and E. major the former only has been found. 

The latter, however, Leidy 3 has reported farther east, in Hardin 
County, "from an asphaltum deposit and from a stratum of clay be
neath, * * * associated with the remains of Mastodon and other 
extinct animals." 

•.Am. Nat., Dec., 1885, vol.19, pp.1208-i209, and 1888, vol. 22, pp. 345-346. 
2 Compare this fauna with that of Peace Creek, Florida. (See discussion of that State.) 
•U. S. Geol. Surv. Terr., 1873, vol.l, p. 24'-

Bull. 84-12 



CHAPTER III. 

GENERAL CONSIDERATIONS ON THE LATER ATLANTIC TERTI
ARIES. 

CORRELATION OF AMERICAN AND EXO'.riC NEOCENE. 

Having completed the historico-geologic summary of the epoch as
signed to us, in its relation to the political divisions of the eastern 
United States, it has seemed desirable to consider briefly the forma
tions, their genesis, and their relations to the present continent as a 
whole. 

It may be premised that our present knowledge of the N eocene 
faunas of North America is so far from being thorough or complete that 
it is entirely inadvisable to attempt in this place any correlation of 
American and European stratigraphical units in the Neocene. Car
penter 1 called attention to the relations which he believed to exist 
between the recent fauna of the Californian roast and that of the 
British Crag, and the writer, in common with Pourtales, Jeffreys, and 
others, has indicated 2 a certain community of species which exists be
tween the fauna of some of the Pliocene beds of southern Italy and that 
now living, off' shore, near our southern and southeastern coasts. In a 
general way it is supposed, though as yet hardly demonstrated, that 
the America:a invertebrate faunas exhibited in Cenozoic and especially 
post-Eocene strata lag behind those of the transatlantic region in their 
development up to a given stage. From this it would seem as if the 
strata called Pliocene in south Europe might be older than those de
nominated by the same term in America, at least in part, or at all 
events that it can not be reasonably assumed that they were wholly 
synchronous. 

CLASSIFICA'l'ION BY LYELL AND DESHA YES. 

The attempt of Lyell, following Deshayes, to classify the Cenozoic 
strata in three categories, according to the percentage of living forms 
represented in them by fossils, I have stated 3 to be at the present time 
on the face ,of it impracticable, illogical, and misleading. It was origi-

I Suppl. Rep. British ARsoc. , 1863, p. 682. 
2 Bull. Mus. Comp. Zool. Reports on the Molluska of the 11 Blake " Expedition~, by W. H. Dall; 1881, 

vol. 9, No.2, ancl1886, vols, 12, Nos. 6 ancl18, 1889. 
J.A_m. Jour. Sci., 3d ser., 1887, vol. 34, p.162. 
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nally a working hypothesis, based on the assumption that species are 
and always have been definite entities, about the individuality of which 
there could be no reasonable doubt in most cases, and which could 
therefore be appropriately used for numerical calculations. If this 
assumption were justified the rest would logically follow as a matter of 
course. There is no doubt that Lyell's hypothesis has been of great 
use in settling early N eo zoic nomenclature, and has generally hitherto 
been applied in a manner to which little exception could be taken. 
But the old conception of the mathematical individuality of SJH~eies bas 
passed away, never to return, and the numerical estimates based upon 
it are no longer practicable in the absence of any method of determin
ing the personal equation of di:fl'erent paleontologists in their estimates 
of what constitutes a species. 

That this personal equation is in some cases a very large one, aU 
workers are now well aware; and that it is subject to decided changes 
during the career of any single student is a matter of common observa
tion. Furthermore, the specific contents of the best known faunas are 
subject to material enlargement from time to time, and, no matter what 
estimate of spedfic limits be in use for the time, the percentages can 
not remain uniform. Tbe increase of our knowledge of geographical 
and bathymetrical distribution of organic beings has proved that dis
crepant faunas now exist simultaneously in closely adjacent regions, 
and that similar faunas are by no means necessarily synchronous. 

The Lyellian nomenclature has, however, become an integral part of 
geological literature and classification. There is no good reason, as yet, 
why it should be disturbed. The formations originally designated by 
it will continue to retain their names; not because of their alleged per
centages of living species, whether accurately determined or not, but 
because they are stratigraphic entities which have been so named and 
which are now recognized by those names and characterized by a recog
nizable assemblage of organisms. 

The classification retaining these names is no longer numerical, but 
stratigraphic and developmental, and the formations classified under a 
given name are, for the writer at least, not necessarily synchronous, 
except where stratigraphically continuous, or synchronic only in a very 
wide and general sense. 

It is believed that American geologists are well agreed that the minor 
subdivisions of the systems can not in America at present be subjected 
to any rigid parallelism with the minor subdivisions of other lands, and 
that the difficulty of correlation increases with the differences of lati
tude and distance. Concurring in this opinion, theoretically and prac
tically, no attempt at such correlation has been attempted by the writer 
within the geological limits assigned to him. 

The southeastern extremity of the United States, on the whole, pre
sents that serim; of Cenozoic deposits which appears to have been laid 
down with the least disturbance and local denudation and the greatest 
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vertical stratigraphic continuity of any within our geographic limits. 
For this reason, though our knowledge of it is still regretably imper
fect, I have used the geological succession of this region as a provis
ional type or standard by which that of more distant portions of the 
country might be measured and discussed. The provisional nature of 
this standard must be emphasized; it is a working hypothesis, nothing 
more, though based upon facts more or less certainly determined. 

GROWTH OF THE CONTINENTAL BORDER. 

The growth of the borders of the continent has been ably discussed 
by Alexander Agassiz, who gives1 conclusive reasons for supposing that 
in later Mesozoic time the Gulf of Mexico was connected with the Pa
Cific Ocean across the continental divide of the present day, and there
fore that Rome portion of the equatorial current of the Atlantic swept 
across wide regions now occupied by dry land and mingled its waters 
with those of the Pacific basin. 

That this connection persisted into Eocene time there is excellent 
paleontologic evidence, combined with indications that the connection 
became less and less intimate and perhaps terminated with the Eocene. 
Cleve has shown2 that powerful volcanic action was in progress in the 
West Indian region during the deposition of its Cretaceous strata, 
which are there the oldest fossiliferous rocks. To more or less syn-

·chronous disturbances of level, unaccompanied, however, by violent 
action of a Plutonic character, may be ascribed the unconformity, strat-

. igraphic and faunal, which serves as the bench mark for the beginning 
of Neozoic time along the greater part of our Atlantic border.· That 
in the Antilles these disturbances continued with less energy during 
the Eocene period, the Eocene strata, where they remain, bear evidence. 

By inspection of a general geological map of the eastern United 
States ;t will be observed that the coasts along which the early Ter
tiary sediments were laid down, with the exception of the peninsula of 
Florida and the deep l\lississippi gulf, reaching to southern Illinois, 
roughly approximate to those of the region at present, the discrep
ancy due to the existing belt of Tertiary rocks being least at their 
northeastern extreme, near the mouth of the Hudson, and greatest on 
those shores confronting the Gulf of Mexico. This generalization 
holds good if to the shore lines of the map we add the submarine areas 
necessary to fill out the true continental area, except that the region 
where the Tertiary belt is narrowest is then slightly further south, oft' 
Cape Hatteras, from which it gradually widens both northward and 
southward. 

Agassiz holds, very just'iy, that modern researches have shown that, 
to such an immensity of prolific life as existed in the sea in which the 
Eocene limestone of Vicksburg age was laid down, the presence of a 

J Three cruises of the Blake. Boston, 1888. I, Chapters Ill-VI. 

'K. Svensk. Vetensk. Akad. Handl., 1871, Bd. IX, No.12. 
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vigorous marine current, bringing food and fresh supplies of oxygen, 
must be regarded as necessary. In the greater freedom of the warm 
equatorial currents and the wider sweep of their branches possible at 
that epoch he finds the needed factors supplied. Judging by modern 
faunas we conclude that the water in which these limestones were 
deposited may not have been very deep; certainly similar organisms 
flourish at present in waters not exceeding 500 feet in depth, and often 
much less. There can be little doubt that the sea bottom gradually 
and quietly sank under its load, the bottom preserving an approxi
mately similar di8tance from the surface of the sea, rather than that 
these organisms were the means of filling up a dept.h of water originally 
equal to the final thickness of the deposit. 

THE EOCENE ISLAND OF FLORIDA. 

In the Floridian region the survey of the Rea bottom shows an im
mense triangular plateau which unites Florida, the Bahamas, and 
Cuba, and extends from the northern end of the Bahamas toward 
Hatteras, as another portion of the same platform dQes to the westward 
of Florida, with a breadth equal to that of the present peninsula. .Ar
tesian borings in western Florida leave little room for doubt that the 
mass of this g~reat platform (as well as of the similar plateau which in
cludes Yucatan and its reefs) was laid down during the" Vicksburg" 
period of the later Eocene; that the surface, in part now deeply sub
merged, was once more nearly level and covered with ·comparatively 
shoal water, and that the channels which now divide Florida from Cuba 
and the· Bahamas, though possibly initiated by fracture of the earth's 
crust, were chiefly cut out by a scouring process exerted by the ocean 
currents. Toward the end of the Eocene it is certain that the process 
of elevation had proceeded far enough to raise above the sea part of the 
summit of the western anticline of Florida, if not of both of the great 
Floridian anticlines, and that, during the deposition of the Nummulitic 
beds, this elevation (probably in the form of a chain of islets) had con
tinued long enough for these islets to acquire a land-shell fauna as far 
south as about latitude 29° north. The absence of the Nummulites 
·from the top rock of the Eocene beds farther north, between the soft 
Orbitoides limestone and the Chattahoochee group of rocks, is probably 
a purely faunal difference, as the Nummulitic beds appear to have an 
exact equivalent in the siliceous layers of the uppermost Georgia Eocene. 
Whether this be the case or not, it would seem as if in this region the 
Miocene was ushered in by a moderately evident stratigraphic change 
which is more vividly reflected in the discrepancies of the fauna than 
in unconformities of the rocks. The Nummulitic aud lVIiliolitic lime
stones of central Florida appear to be restricted to very limited areas, 
and perhaps represent purely local faunal conditions which promoted 
the multiplication of these foraminifera toward the close of the Vicks
burg epoch. The fact that nearly all the molluscan fossils of the typical 
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Vicksburg or Orbitoides limestone persist unchanged into the N ummu. 
litic, and that no stratigraphic break is known between them, makes 
strongly for this view. The existence in the Ocala Nummulitic beds 
of well developed pulmonate land shells, identical in species with those 
which abound in the upper part of the older Miocene of the same region, 
shows that a certain area of dry land had here appeared which was 
sufficiently elevated to be beyond the reach of the tide. It is now 
certain that the dry land of central Florida held toward the shore line 
of the main continent at that time much such a relation as the Baha
mas at present hold to Cuba and Florida. 

At the end of Eocene time the continental shoreline appears to lmve 
bordered the Atlantic in a generally northeast and southwest direction 
from the Hudson to the Chattahoochee. Omitting the North Caroli
nian projection and the Floridian peninsula, the present Atlantic coast 
retains a general parallelism with that which existed during the Eocene 
between these two rivers. There was a well marked indentation in 
southeastern Georgia, while from the vicinity of the Chattahoochee the 
shore rounded to the west, northwest, and north, forming the eastern 
coast of the great Gulf of Mississippi (as the embayment may for con
venience be denominated) which extended to the meeting of the Ohio 
a.nd Mississippi rivers in the region now constituting the southern ex
treme of the state of Illinois. From this vicinity the shore extended 
in a southwesterly direction, without striking irregularities, to the Rio 
Grande. At the culmination of the Eocene a movement of elevation 
seems to have taken place, which, without any destructive dislocation, 
raised this shore to an extent which gave the continental margin a 
notable addition to its area. In conformity with what would have 
been expected from the hypothesis of Prof. Agassiz, the most impor
tant additions in point of area were to the southwest and on the shores 
of the Gulf of Mississippi. The are.a between the central Florida banks 
and the mainland was not elevated above the sea, thottgh doubtless 
made much more shoal. Thence northeastward the dried Eocene border 
gradually narrowed, becoming a mere ribbon beyond North Carolina 
and reaching its vanishing point at the estuary of the Hudson. 

THE GREAT CAROLINA RIDGE. 

Broad off the chief mass of the southern App2Jachians, in the 
direction of the northwest-southeast axis of South Carolina, there 
exists an elevated ridge of perhaps very ancient origin, and whose ex
tension may be seen in the contou_rs of the sea bottom far off the coast. 
That it is fundamentally of pre-Tertiary rocks is probable from the fact 
that the power of the Gulf Stream has been insufficient to cut a passage 
through it, and that mighty current therefore pushes up and over it. 
That the ridge has long been elevated may be gathered from the fact 
that the base of the Eocene upon it is reached at Charleston, S. C., in 
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less than 400 feet below the present surface/ while to the south, at 
Lake Worth, on the t;astern edge of the central Floridian area, the base 
of the uppermost member of the Eocene has not been reached at 1,300 
feet. That the fluctuations of level of this ridge have been less than 
occurred either north or south of it may be inferred from the extreme 
thinness of the N eocene strata aud the relatively slight elevation of its 
quota of the Pleistocene Columbian perezoue, as reported by McGee. 

CONTACT OF EOCENE AND MIOCENE. 

The character of the contact at the surface of the Eocene and the 
Miocene is too obscure and insufficiently known, as yet, between Flor
ida and the Carolinas; too much denuded, as in South Carolina, or more 
or less remanie, as at some localities in North Carolina, to give clear 
evidence as to the conditions at the epoch of change. But we learn 
from Rogers 2 that in Virginia the Miocene Tertiary is separated from 
the Eocene below it by a band of pebbles or coarse sand, sometimes 
cemented into rock by iron peroxide. Excepting this thin band of 
comparatively coarse material (probably due to the acceleration of ero
sion by the slight elevation which closed the Eocene) there is no evi
dence of physical violence having intervened between the close of the 
Eocene and the commencement of the Miocene deposits. None of that 
trenched and channeled character of surface conspicuous on the pre
Eocene sandstones is here met with, but the smooth and unbroken level 
of the Eocene after receiving the pebbly band referred to was evenly 
covered by the successive Miocene strata. Yet the change in the fauna 
was almost complete, the Eocene species disappearing with perhaps 
only one or two exceptions, and a far greater variety of Miocene forms 
taking their place. · Rogers concludes that there can be no doubt that 
some important physical revolution intervened at the end of the Eocene, 
for the distinct evidence of which we are, perhaps, to look to other and 
more distant regions. 

The elevation of the ridge connecting North America and South 
America, if not so as to constitute an absolutely complete barrier, yet 
so as to turn the course of the equatorial current exclusively to the 
Atlantic, seems to furnish an abundantly sufficient cause and to be in 
harmony with the known facts, even if to be regarded as still insu:ffi· 
ciently established. 

In southwestern New Jersey an examination of the older Miocene 
marls shows them to have been laid down in a district subjected to the 
energetic and tumultuous action of conflicting currents, presenting 
almost exactly such a facies as does the material dredged off the simi
larly agitated area seaward from Cape Hatteras, North Carolina, at 
the present day. The meeting of northern currents with the Gulf 

1 Section of Charleston artesian well to accompany the report by Prof . .James Hall, in the City Year· 
book for 1884. 

2 Geol. of the Virginias, 1884, pp. 266-267. 
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Stream, which now takes place near Hatteras, may at that time have 
occurred between the Potomac and the Hudson. 

WARM AND COLD WATER MIOCENE. 

With the elevation which closed the Eocene and added so broad a 
margin to much of the continent, an acceleration of erosion over the 
whole area elevated was necessarily begun. The different branches of 
the equatorial current no longer able to escape in the direction of the 
Pacific must have been turned northeastward. In the deeper channels, 
as between the Floridian banks on the one hand and those of Cuba ou 
the other, a scour must have been inaugurated which cut a fair way 
for the waters through the loosely aggregated organic sediments of the 
Eocene epoch. - According to Cleve 1 the Miocene epoch in the southern 
and eastern Antilles was a time of continuous quiet and continuous 
gentle sedimentation with a profusion of animal life. On either side of 
Cuba, however, active submarine erosions must hav~ been in progress. 
North of the Floridian banks it was probable that the water was too 
shallow to admit of the passage of any considerable current. The 
character of the Miocene strata and their contained fossils bears evi. 
dence in favor of this supposition. The increased sedimentation of 
terrigenous matter in the Gulf of Mississippi wafted eastward by the 
northern branch of the equatorial current (analogous to that now known 
as the Gulf Stream) and deposited on these shallows is probably re
sponsible for the argillaceous character of the older Miocene beds of 
this region, which also, over a considerable region, carry a fauna ap
propriate to shallow and muddy waters. This fauna and that of the 
immediately succeeding beds in Florida is strongly Antillean in type, 
as might be anticipated on shores washed by strong currents from the 
West Indian region. A few Antillean species (e. g., Ournia woodii and 
various species of Volutidce) J)enetratecl the northern waters even as 
far as New Jersey. At no succeeding epoch do we find such tropical 
or semitropical littoral mollusks extending northward to such a dis
tance from their present range. This fact may authorize the suspicion 
that the newer leaf. beds of Greenlalld and other parts of the Arctic sea, 
indicating a time when walnuts ripened on shores which now support 
the burden of the Inland ice-sheet, if really Miocene as has been claimed, 
may have been.contemporaneous with the warm-water Old Miocene 
above described. 

It is not improbable that, with the increasing elevation of northern 
Florida, in the absence of the present southward extension of the pen
insula, and with the probable synchronous elevation of the Great Caro
linian ridge, above described, a change was inaugurated. In the 
presence of such modifications of the coast, necessarily involving a 
modification of the direction of its fiow, it may be surmised that the 

1 K. Svensk. V etensk. Handl., 1871; Bd. IX, N o.12; Agassiz: 'l'hrec cruises of the Blake, vol.l, p.l09. 
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course of the Gulf Stream in the main was gradually turned more off 
shore than before or at present, and that, concurrently, there arose a 
greater opportunity for the influx of a cooler northern current inshore 
in a southerly direction. To this may be ascribed the development of 
tbc succeeding newer Miocene fauna, characteristic of the beds of what 
has ueen called in this essay the Chesapeake group, chiefly developed 
in Virg-inia, Maryland, and North Carolina. The preceding Eocene 
fauna,, as well as the Old Miocene, was southern, or, at least, one which 
might nowadays be expected in fairly warm waters. The influx of 
colder northern waters, brought about as above suggested, might ex
terminate almost the whole of such a fauna by being too cool for the 
devdopment of the invertebrate embryos, even in so widespread and 
adaptal>le a creature as the common oyster. Brooks has shown that a 
fall of a few degrees in the temperature of the water at spawning time 
will prevent the survival of the embryos subjected to it.1 It is not 
necessary to postulate a very cold or Arctic current, only a current less 
warm by a certain amount than the antecedent sea temperatures. In 
this we might find an explanation of the phenomena no~ed by Rogers. 
This is the more likely because in the Floridian region, where the waters 
must have continued to be fairly warm, we find a very considerable 
percentage of Eocene species surviving into the Miocene beds. The 
change from clear sea water to that containing a considerable amount 
of clay and other sediments would induce much such a change in the 
fauna as we actually find in the northern Floridian region. 

The Chesapeake fauna seems to have crept gradually southward. 
Profusely developed in the Chesapeake region, it becomes more sparse 
as we follow the beds southward where the temperature of the water 
would be less rapidly and completely changed. The difference is notice
able in North Carolina and still more so in South Carolina, as pointed 
out by Tuomey, Heilprin, and others. 

The deposition of the older Miocene about the Florida islands or banks 
was accompanied by an increase in the area of land and a probably very 
slow and gentle elevation. With this was developed a profuse land
shell fauna, while the fresh-water lakes, which took the place of former 
marine lagoons, afforded a synchronous fresh-water fauna. 

Subsequently to this the extended islands of the Florida banks be
came the seat of enormous rookeries of birds, seals, and other animals. 
The fresh guano supplied by these, washed by the constant rains, pen
etrated the porous organic limestones of which the land was composed, 
and thus was secured that precious store of phosphoric acid which is 
now bringing wealth to the owners of Floridian lands. The reception 
of the guano must h~we been after the deposition and elevation of the 
old :Miocene strata, because they are the most generally and consist-

1 The adult animal flourishes well in San Francisco Bay in spite of the low temperature of the water, 
but no one has ever succeeded in propagating the eastern oyster there. This is an excellent example 
of the far-reachin~ effect on a fauna of small differences of temperature. 
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ently phosphatic of any of the Floridian strata. But the unuer·1V11111r 
Eocene rocks received their share, and when the latter, as in the most 
elevated places, formed the top rock, no Miocene intervened. From the 
rehandling of detritus from the Miocene and Pliocene beds is probably 
derived the minuter proportion of phosphate of lime which is occasion
ally found in the newest of Floridian limestones. 

At the end of the period of elevation, which characterized this epoch 
in Florida, an equally gentle and probably moderate depression followed. 
Over the area near Tampa, where the land shells had flourished, 15 or 
20 feet of marine limestone was laid down; though all the land was not 
submerged, for a few land shells, such as love sea beaches, are found 
in this limestone to the very top. The marine fauna is largely mingled 
with species common to the rocks of the period of elevation. On the 
northern border of the Gulf of Mexico then existing and the southern 
sea margin of Georgia, this period was marked by sediments of erosion; 
in the Floridian region by organic sediments faunally connected with 
those which had preceded them. This fact, with others which might be 
noted, points toward an oi·ographic independence of the central Florid
ian region, which is very noteworthy when contrasted with the inter
relations in orogenic growth of the continental beds, and their much 
greater vertical fluctuations which seem to be indisputable. 

Invasion of the Chesapeake fauna.-At the couclusion of the opera
tions by which the sediments of the Tampa group were laid down, a 
very marked change took place, analogous to the change 11oted by 
Rogers in Virginia between the Eocene and l\fiocene faunas. Whether 
the small depression noted in Florida was synchronous with a greater 
one northeastward, or whether some other factor must be invoked to 
account for the facts, it is, at all events, certain that the shores of 
Florida, east and west, those of the northeastern part of the Gulf of 
Mexico, and those of the Georgia embayment, whether still continuous 
with the gulf or not, experienced a wholesale invasion by the fauna of 
the Chesapeake group. This, in connection with the evidence of de
pression on the mainland shore of the gulf at the same period, indicates 
that the northern cooler inshore waters for a time were able to pene
trate even to the Gulf of Mexico, bringing the northern fauna with 
them. However brought about or explained, this change, from the 
older to the newer Miocene, is the most marked and extensive mutation 
which is traceable in the fossil invertebrate faunas of the Floridian 
and Gulf region, after the Eocene, in the whole of N eocene time. 

Our present information permits us to assert with positiveness that, 
after the end of the older Mioeene, the Floridian banks and their 
associated islands remained still insulated from the continent to the 
northward. All the facts that we have point toward such an insularity 
accentuated by orogenic independence. That an elevated region, from 
which detritus is constantly being transferred seaward to the base level 
of erosion, must submit to :fluctuations of level in the portions most 
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aftected by such transfers of material, seems almost certain. If to this 
be added occasional vigorous orogenic ac-5ion, then to distinguish in 
local stratigraphic records the changes due to general continental move
ment from those to be ascribed to more local causes, becomes very 
difficult. That more or less constant changes did take place on the 
continental border there is abundant evidence. 

On the other hand the broad and level Floridian banks, built of 
organic sediments, could not have been subjected to transferrence of 
large bodies of detritus in such a fashion. The peculiar character of 
the rocks, elsewhere more fully described, led to erosion by solution 
instead of attrition; and the whole surface, in a general way, suffered 
equally; so that the factors were wanting which would bring about 
changes like those occurring locally on the continental border. To this 
in great part may be ascribed the apparent freedom from minor fluctua
tions presented by central and southern Florida. To general continental 
movements the mass of the banks would seem to have responded in some 
degree, but much less energetically than the continental border nearer 
the centers of disturbance. In the Georgia embayment, at that time 
the Atlantic entrance of a broad and shallow 'strait connected more or 
less directly with the Gulf of Mexico, a considerable mass of sediments 
was laid down during the Chesapeake period. At Jacksonville, which 
represents a point toward the southeastern portion of the embayment, 
about 400 feet of Miocene limestone, apparently of this age, has been 
drilled through in artesian wells. This would seem to represent a 
deposit formed in only moderately deep water, while that on the west 
coast of the Floridian banks and the north shore of the Gulf of Mexico 
did not reach any such thickness. Farther south, at St. Augustine, 
the deposit reached less than 200 feet. On the continental shore, to 
the northward, 30 or 40 feet seems to be the extreme thickness yet 
observed there. 

It is notable that on the continental shore the bluish gray matrix 
and grayish white color of the fossils of the Newer Miocene agree 
exactly with those of the Chesapeake region, while the deposits contain
ing the same fauna on the insular Floridian area partake more of the 
color and texture of the other beds of which that area is composed. 

GRAND GULF PEREZONE. 

The drainage of tLe continent entering the Gulf of Mississippi then 
as now brought with it abundant sediment, clay, sand, and gravel. 
These would have contributed not merely to the general shallowing of 
the gulf but also to a deposit along the neutral zone where the tides 
and currents of the Gulf of Mexico, dominated by the Gulf Stream, in
troduced a disturbing factor into the circulation and dispersion of 
the brackish and muddy waters of the estuary. The termination of 
the Chesapeake invasion, through changes of level accompa11ied by 
changes of water temperature, which seems probable, if accompanied 
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by an upward movement on the south, would harmonize well with 
formation of a brackh;h wttter perezone at the time indicated. 

The estuarine sands and clays doubtless began to be laid down at 
much earlier time and through the Chesapeake period served as a bar
rier to westward migration of the Chesapeake fauna. The elevation 
which terminated the deposition of the Chesapeake beds on the shores 
of the Gulf of Mexico was probably that which definitely united 
Florida banks with the continental margin adjacent to them, and may 
have begun while those beds were still forming, as seems to have been 
the case in part of the region included iu Central America. A ~triking 
illustration of the elevation which terminated the Miocene is afforded 
by the little state of Costa Rica, aR described by the late Dr. William 
M. Gabb, who sayR: 

The geology of Costa Rica is extremely simple, the formations being few and the 
structure with but few complications. The greater part of the rocks arc sedimentary, 
of Tertiary age, the remainder being eruptive, of comparatively recent origin. The 
oldest setlimentary rock, that which makes up nearly all of the interior mountain 
chains and in all probability underlies all of the great plains, is of Miocene age. It 
is pushed up into steep dips in the mountains of Talamanca by an intrusion of gran· 
itic l'ocks, which have been laid ·bare by denuuation, falls into gentle undulations in 
the lower hills and becomes level on the flat ground. Bordering this on the coast 
are small deposits of later age. Near Moen,on the railroad, between there and Limon, 
there is a deposit of clay of Pliocene age, aboumli11g in fossils. 

The granitic rocks are confined to an irregularly shaped, long, narrow mass, which 
has been intruded after the deposition of the Miocene, forcing the central portio11 up 
to a height of nearly 12,000 feet, the lowest exposure of the granite being no less 
than 3,000 feet above the sea. 

Volcanic rocks form a prominent feature of the geology of Costa Rica, breaking 
through and often covering the Miocene sedimentary beds. Dikes of porphyritic 
material are common. A large part of the mountainous region is of volcanic origin. 

The communication between the Atlantic and Pacific in the region of Costa Rica 
was interrupted in the Pliocene or subsequent to the deposition of the mass of the 
Miocene strata.1 

On the Chattahoochee we have, overlying the Ecphora bed, a thin 
stratum of lignite-bearing sand with impressions of palmetto leaves. 
Within 50 miles westward from this river, in au area still geologically 
unexplored, we have the eastern termination of the formation known as 
the Grand Gulf group, characterized by clayey and sandy or siliceous 
sediments bearing fossil wood and particles of lignite, a few oysters 
and other brackish or fresh-water shells, and impressions of palms or 
palmettos. Whether the lignitic sand of Alum Bluff represents the 
thinned-out easter~1 margin of the Grand Gulf beds or not, it is not im
probable that it may. The definite cutting off of any exit for the 
currents from the Gulf of Mexico north of the main body of the 
Florida banks must have confined those waters to much such a field as 
they at present occupy. It is therefore by no accidental coincidence 
that we find the modern terrigenous deposits of the Mississippi drain-

J Gabb, W. M.: MS. Report on the Geology of Costa Rica, iu archives of the U. S. Geological Survey. 
See also Am. Jour. Sci., 3d ser., 1875, vol. 9, pp. 198,320. 
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age, on the northern floor of the gulf, parallel to and coinciding in east 
and west extension with the Grand Gulf perezone. 

The elevation which brought these beds to the surface and insured 
the silting up of the Gulf of Mississippi was not necessarily very great 
in vertical extent. It perhaps coincided with some depression to the 
north, since there we find beds representing Grand Gulf silts laid down 
upon a basis of fragmentary limestone derived from Vicksburg Eocene 
beds below 1 and with no trace of the Miocene which, to the southward, 
intervenes between them. 

That the formation of the .Altamaha grits of the Chesapeake beds 
and of the Grand Gulf beds was to some extent synchronous can hardly 
be doubted and would accord with the fact that over both the latter in 
the gulf region and over the Chesapeake beds in Virginia is laid down, 
according to McGee, Johnson, Hilgard, and other authorities, a single 
great perezonal formation. There is no doubt that directly in contact 
with the Grand Gulf beds in the Gulf States and with the Chesapeake 
group in Virginia lies the formation variously recognized under the 
names of Lafayette or Orange Sand of Hilgard, 2 Lagrange of Safford, 
or .Appomattox of McGee. If the Grand Gulf sedimentation went on 
for any great interval of time after the conclusion of the Chesapeake 
beds it would seem inevitable that something should be found above 
the Chesapeake group in the north and below the Lafayette to corre
spond with that interval; which, so far as we are informed, is not the case. 

LAFAYETTE PEREZONE. 

The Lafayette from McGee's investigations, which are more compre
hensive than any antecedent studies of the formation, consists of sedi
ments of erosion derived chiefly from subjacent or closely adjacent rock 
masses. The distribution of these stdiments corresponds with the inner 
margin of the coastal plain from Virginia southward and around the 
southern end of the .Appalachian uplift, marginating the Gulf of Mis
sissippi. Though not yet traced in the field, it is undeniable that this 
formation must have traversed .Arkansas, Louisiana, and Texas in the 
same perezonal form as on the east of tbe Mississippi gulf. It or its 
remains will be found there on proper investigation. 

The formation is more or less colored with iron oxide, which charac
terizes it almost everywhere. It is uarrow in Virginia and North Car
olina, where it is said to reach ·between 100 and 200 feet in thickness . 
.As it traverses the region of the Great Uarolinian ridge it widens and 
doubles or trebles in thickness. To the south it becomes thinner again 
until it crosses the main axis of the .Appalachian uplift, where again it 
is said by McGee to reach a thickness of 450 to 550 feet, thus present
ing the peculiarity of being thicker over the ridges and thinner along 

J L. C . .Johnson in Am. Jonr. Sci., 3d ser., 1889, vol. 38, p. 213. 
2 Barring some not very important subtraction of Tuscaloosa beds. 
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the flanks of the _highlands. It has few fossils, except those derived 
from other formations. Such as are autogenous are chiefly like those of 
the Grand Gulf beds, fragments of lignite and leaf impressions. Its 
material is largely cross-bedded or obscurely stratified, and consists 
chiefly of sands and clays with occasional stream gravels. Its lower
most portion is not greatly elevated above the sea; on the authority of 
L. C. Johnson it is said to reach tidewater in Mobile Bay; while in the 
Gulf of Mississippi and on a large part of the Atlantic coast it is sup
posed to average 25 to 50 feet above the level of the tide, reaching an 
extreme basal elevation of 150 feet at some localities in Virginia and 
the Carolinas. 

The immense mass of material which would seem to constitute this 
formation must, to some extent, have been laid down in water. The 
relation of the local beds to the local older beds show that the erosion 
was not violent, though it may have been long continued. The charac
teristics assigned to it would seem to necessitate a subsidence of some 
500 or 600 feet of the whole continental Atlantic and gulf border, the 
reconstitution of the Gulf of Mississippi, and a long-continued period of 
moderate erosive processes. To account for the absence of a marine 
fauna in any part of it would seem difficult, unless it be assumed that 
the subsidence and sedimentation were synchronous and practically so 
equal as to keep this sandy perezone in the condition of a fresh or 
brackish water estuarine formation from its inception to the succeeding 
period of elevation. 

The Floridian region south of the Suwanee strait still seems to 
have been exempt from the experiences of the region north of it, to 
which view the close approximation of the Lafayette to the sea level 
on the northern shores of the gulf would seem to lend a further 
shade of probability. The organic limestone of the peninsula at 
any rate would afford no such sediments as constitute the Lafayette 
beds, and even if erosion took place it would assume a different 
form and the results would possess none of the continental charac
teristics. If the northern part of Florida was during Lafayette time 
again depressed it may be that a part of the arenaceous covering 
which now envelops it was recmved at that time, affording material 
for subsequent rehandling up to the present moment. In any case in 
Florida the depression was moderate in amount and gentle in its prog
ress and reaction, so far as we can judge from the recorded data in 
the region concerned. The continuity of the marine fauna of the coasts 
was not greatly interrupted. The bulk of the Chesapeake fauna had 
disappeared, but many forms had become permanently acclimated and 
still persist. This is especially the case with a number of the largest 
bivalves, which would be particularly liable to extinction by any sud
den elevation of the coast, even if it were of but moderate vertical ex
tent. With this evidence we may safely conclude that the change of 
level was gradual. Whether the disappearance of the newer Miocene 
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beds from a large part of the Carolinian region was due to causes con
nected with this period of elevation, or to those of a subsequent epoch 
we are not in a position to decide. Perhaps the latter is the most 
probable surmise. The changes which followed the Lafayette sedimen
tation can not yet be clearly discerned except in special details. 

It is certain that the elevation which resulted in or followed the end 
of the operations connected with the formation of the Lafayette, added 
considerably to the area of southwestern Florida and probably dried 
out the Gulf of Mississippi and the Georgian embayment. 

PLIOCENE DEPOSITS. 

The marine Pliocene fauna which succeeded the Chesapeake Miocene, 
was of a more tropical character than that of the latter, and its mem
bers indicate clearer water and a greater abundance of food. The 
presence of numerous corals lead to the inference that the motion of 
these waters, perhaps part of the Gulf Stream, was felt more strongly; 
as it might be if by the elevation itsexit-wayhad becomemore straight
ened. 

This fauna, as I have elsewhere urged, reached South Carolina and 
perhaps even to the southeastern extreme of Virginia, but nowhere do 
the deposits containing it seem to have reached more than a few feet of 
thickness. In South Carolina it would seem as if a subsequent de
nudation had removed the greater part of the little which was deposited. 

In Florida the accessible eviuence points toward an extensive devel
opment of fresh-water ponds or lagoons in which species of Planorbis, 
Physa, and Vivipara multiplied to a remarkable degree. The evidence 
of a certain proportion of such ponds in close proximity to the sea, 
from a very early period in the marine Pliocene, is definitely estab
lished. The gradual change in the character of the marine fossils from 
below upward in the beds shows that a gradual shoaling of the water 
took place, probably from a slight motion in elevation of the land, until 
the species proper to a moderate depth were replaced by those charac
teristic of muddy shallows and tidal flats, and finally by an exclusively 
fresh-water fauna. The latter condition was not attained without some 
trifling fluctuations, which may, however, merely represent temporary 
inroads of the sea after exceptional storms upon lagoons which, under 
ordinary circumstances, were filled with fresh water. 

It seems reasonable to associate the epoch of the Planorbis rock of 
southwestern Florida with that of the great Lake De Soto or the several 
large lakes which seem to have occupied the medium syncline of the 
peninsula a little to the northward. The last evidences of the Pliocene 
are comprised in the relics of the _lakes and the silicification of the 
Planorbis rock. 

Before the termination of the marine Pliocene deposits the perma
nent connection of the peninsula with the continent was accomplished 
and the lowlands invaded by a host of large vertebrates. The rhinoc-
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eros, the wild horse, the llama, the Columbian elephant, the mastodon, 
the glyptodon, and various enormous tortoises wandered along· the 
shores of the lakes and through the marshes, while the saber-toothed tiger 
lay in wait. To what extent, if any, this fauna was affected by the 
glacial epoch of the north is unknown, but there would seem to be no 
reason why these animals should not continue to flourish in the warm 
marshes of Florida, notwithstanding the presence of an inland ice sheet 
in Pennsylvania and the Ohio valley. The subsequent depression of 
much of the continental border, during which the Columbia sands of 
McGee were laid down, may perhaps be as fairly regarded as a reac
tion corresponding to a northern rise after a melting of the first ice 
sheet has relieved the north from its weight as in any other way. But 
here we are wandering, so far as the southern Atlantic border is con
cerned, in a maze of hypothesis. 

What we know is that before the deposition of the marine Pliocene 
strata of south Florida was ended (whether synchronous with other 
strata elsewhere called Pliocene or not) the invasion of these verte
brates began; that their remains lie below marine Pliocene strata as 
well as under the whole belt of superficial sands (in Florida and infer
entially also in South Carolina), imbedded in the Alachua clays or 
associated with remnants of older phosphatic rocks in the Peace Creek 
phosphate beds and the Carolinian marls; that at a later time a gen
eral, though slight, depression of the peninsula began, without any 
obvious change of plane from the previous general horizontality, or any 
general change of fauna among the invertebrates, except the extinction 
of a number of the largest and most striking species of mollusks, chiefly 
gastropods. The great lakes perhaps were emptied; but their trough 
was apparently not filled with salt water, which encroached chiefly on 
the seaward margins of the peninsula and of the Atlantic coast north
ward. In Florida beds of incoherent marl and sand were deposited 
containing nothing but recent species. Farther north the discrepancy 
in vertical motion during such changes, when compared with that of 
Florida, is again manifested; on the whole increasingly so, as we go 
northward, excepting over the great Carolinian ridge. 

At last the reaction came,.. and Florida rose again apparently about 
as much as it had been depressed, 'but with indications of a slight tilt
ing or inequality which elevated the Atlantic border with its reefs more 
than the gulf shores. Since then the work of geologic forces has been 
chiefly exerted in the building of coquina and vermetus rock, in the 
solidification of ooolian sandstone and battered coral reef, in the forma
tion of modern oolitic rock, and the slow cementation of loose material 
by iron oxides. Waste has gone on in the old way by the slow and 
gentle processes which lead to solution and decay; and growth, chiefly 
by chemical precipitation of dissolved lime carbonate, by organic sedi
ments and by wind-blown or sea-tossed sands. 
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The details of these processes, briefly and in many cases but provi
~ionally indicated here, are for the future. Perhaps in no way ·better 
than by such an attempt to sketch their broader outlines can be made 
plain the imperfections of tbe record and of our knowledge of it. 

TAHLE SHOWING Till~ VERTICAL RANGE OF TilE NEOCENE FORMATIONS Ol!' THE 
ATLA...""TIC COAST. 

Eo- Miocene. cene. Pliocene. P.P. Formations. 

L I M u L M u 
-- .Alachua clays. 

_ I_ .A.ltamaha grit. 
- .Alum Bluff beds. 

-- -1 .Appomattox formation. 
- -- .Arcadia marL 

- -- -- --- -- -- -- .Atlantic group. 
- - Caloosahatchie beds. 

1- - Carolinian. 
--1 Ccrithinm rock. 

-=1- Chattahoochee group. 
Chattahoochee limestone. 

-- Chesateake group. 
--- Chipo a beds. 

- Cbipola marl. 
- -- De Soto beds. 

- Ecphora be(L 
-- Fayette beds. 

- Ferru~inous gravel. 
-- -- -- Floridian. 

- -1 Gay Head series. 
- Gnathodon bed. 

1--- Grand Gulf group. 
- Grand Gulf sandstone. 

- - - - - - - - ~~~tt~~~-beds. --
- Infusorial earth. 

1--- Infusorial stratum. 
- Jacksonville limestone. 

-- I,agrange group. 
1--- Marylandian. 

-~--
-- Mississippi clays. 

-1 Nashaquitsa series. 
1--1 Naushon series. 

- _ I_ Ochesee beds. 

- 8~thft~I!~1~f.oup. 
- Oyster marl. 

-1 Patuxent beds. 
-- Peace Creek bone bed. 

-- Perna beds. 
- Planorbis rock. 

- Shiloh marls. 
-- Sopchoppy limestone. 

__!_-=~---.--
St. Mar_y's beds. 

_\-==- 1 Sumter beds. 
Tampa beds. 
Tampa group. 

-- Tampa limestone. 
-- Turritella marL 

- Venus cancellata bed. 
-- ~~j~ifo~ation. -

-1 Weyquosque series. 
-- Wh'ite Beach sand rock. 

I 1- - Yellow sand. 

-----
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CHAPTER IV • . · 

SUMMARY OF OUR KNOWLEDGE OF THE NEOCENE OF THE PA
CIFIC COAST OF THE UNITED STATES AND CANADA, CONSIDERED 
BY STATES. 

CALIFORNIA. 

The geology of the State of California is still very imperfectly known, 
so much so that a general view of it i~ at present impracticable. The 
details here given are gathered from various sources; the most impor· 
tant of which are the reports published by Prof. J. D. Whitney, late 
State geologist, and those associated with him on the survey of the 
State; and subsequent researches by various members of the U. S. Geo· 
logical Survey. The State mining bureau has recently issued a petro
graphic and geologic map of California, which, however, presents but 
little that had not been previously made known. The earlier reports by 
Trask, Antisell, and others were chiefly economic, and much of their 
information is of a general character, but they have been occasionally 
referred to in default of more specific data. · The compilation which fol
lows is derived almost exclusively from the literature, and for the rea
sons above given it can not appear otherwise than fragmentary.1 There 
is some reason to suspect that much of the fossil fauna referred to as 
Pleistocene by Gabb, in his Paleontology of California, may prove from 
the number of extinct species included in it, analogous rather to what 
has been regarded as Pliocene on the Atlantic border, or that, as at 
Santa Barbara, species from two horizons have been confounded. It 
will be understood that in referring to various formations, as Miocene 
or Pliocene, the compilers accept no responsibility beyond that of correct 
statement of what has been recorded by others, except where otherwise 
indicated. 

THE GREAT VALLEY OF CALIFORNIA. 

California west of the one hundred and eighteenth meridian west 
from Greenwich, consists essentially of a great valley extending 450 · 
miles northwest and southeast, with an average width of about 50 miles, 

1 It is known that the same type of geologic structure extends for some distance south of the bound
ary between the United States and the Mexican territory of Lower California. In the vicinity of Todos 
Santos Bay 50 miles south of the boundary, Cretaceous, Miocene and Pleistocene fossils have been col
lected, but nothing referable to the Eocene. The Miocene fossils are largely silicified, appear on the 
surface not far above the sea level, and belong to the same epoch, apparently, as those which have been 
collected in the vicinity of Sa.n Diego, California. Cerros Island also affords Miocene fossils, in a sand· 
atone. 
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walled in on the east by the high and rugged Sierra Nevada, on the 
north by the Siskiyou Mountains, and on the west by the less elevated 
Coast ranges which at the south recurve toward the southwestern spurs 
of the Sierra. The valley of California, drained by the Sacramento 
and San Joaquin rivers, has a single outlet, the Golden Gate, the en
trance of San Francisco Bay. This divides the Coast ranges into two 
groups, which are most conveniently taken up separately. The Coast 
Range, composed of a large number of small folds having a trend gen
erally parallel with the coast, incloses here and there a number of small 
valleys, reproducing in miniature the topographic type of the great val
ley. Along much of the coast the mountains come close to the shore, 
and the sea is bold-to, so that there are neither harbors nor even land
ings. 

The region east of the one hundred and eighteenth meridian is largely 
arid and partakes, except near the coast, of the character of the adja
cent desert or semidesert region of Arizona and Nevada. 

Recent changes of level.-All the evidence indicates that this region 
has undergone remarkable changes of level and orogenic activity at a 
very recent geologic period. There is no doubt that since the end of 
the Pliocene, part of the coast of San Diego County, for instance, has 
been at a level 600 feet lower than at present.• Farther north much 
greater fluctuations are reported. The Santa Barbara Channel sepa
rates by 25 miles from the mainland, a group of islands which in early 
Pleistocene times were connected with the mainland and afforded pas
turage for the mammoth. Since man :first made his appearance in this 
region the whole topography of the country has suffered material 
change to an extent unparalleled, so far as known, in any other part of 
the world. In spite of all this the submarine topography is so abrupt, 
immediately off the coast, that the continuity of the invertebrate fauna 
has been relatively but little interrupted by these violent physical 
changes, a,nd quite as large a number of recent species appear in the 
Miocene fauna as one would expect to :find in regions of very much less 
disturbance. 

Before proceeding to take up the highlands in their order, a few' notes 
may be recorded in regard to the great interior valley. They are de
rived from the experience of Mr. Jerome Hawes, of Stockton, Califor
nia, whose specialty has been for many years the boring of artesian 
wells for water, oil, or natural gas. No one else has so thorough a 
knowledge of the underground conditions of the valley of California . 

.According to Mr.Hawes,2 in boring in the valley aw~y from the foot
hills, the strata exhibit great uniformity everywhere. They consist of 
clays ana sands, tbe beds of clay becoming thicker as one bores deeper, 
and the beds of sand, usually 6 to 8 feet, remaining unchanged, so 
that the proportion of clay gradualJy increases, sometimes reaching 100 

1 Dall, Proc. U.S. Nat. Mus., 1878, vol. 1, p. 3. 
2 Verba1 communication toW. H. Dall, in .A.uguat,1890. 
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feet without a break in the bed. The layers appear perfectly horizon
tal. Gravel is rare. In the city of Stockton, in the very <enter of the 
valley, at a depth of about 100 feet, there is a layer of which the peb
bles reaeh the size of cobbles. .At the well in the yard of the court
house, in the center of the city, this layer is 58 feet thick, and also at 
the Hawes gas weR; but, laterally from a line drawn between these two 
it diminishes in thickness and runs out to a few feet at a distance of a 
few blocks from this axis. From this down to about 1t400 feet there 
are merely alternating layers of clay and coarse sand. .At about 1,400 
feet there is more gravel with rounded pebbles, usually not exceeding 
2~ inches in diameter, mostly quartz or clay porphyry, and often with a 
thin black coating of iron oxide. The greatest depth yet bored is about 
2,100 feet, but no rock has been reached at that depth. .At 1,100 feet 
the water begins to be somewhat saline, and contains magnesia, sodium 
chloride, some borax, traces of petroleum, and bubbles of gas. At 
1,400 feet there is less salt, so that it is hardly perceptible to the taste, 
but there is more borax, and the water has a temperature of 90° or 
thereabouts. Below the gravel it becomes more saline again. It is not 
potable below 1,100 feet. Stockton, it may be stated, is but little above 
the level of the sea, the influence of the tide being felt there in the 
river daily. 

Twenty miles east from Stockton, at the edge of the foothills of the 
Sierra, at a depth of 200 feet the drill struck a layer of water worn 
granite cobblestones in.a volcanic matrix. .After boring through this 
over 100 feet, gravel and sand as in the valley were reached, and no 
more rock was found when dril1ing ceased at a depth of 900 feet . 

.According to Mr. Hawes the gravel is traceable to the Sierras. The 
sand and ~lay from the Sierra side is different in texture and color from 
that on the Coast Range or western side of the valley. But on the west, 
after boring through about 500 feet of Coast Range detritus the drill 
comes to Sierra gravel and thereafter continues in it, showing that the 
latter underlies the Coast Range talus . 

.At the southern end of the valley the :flow of water is purer, more 
powerful and more profuse than in the northern part. The decrease 
northward is so gradual that Mr. Hawes supposes the artesian water of 
the valley proceeds more from the south than from any other direction. 

No fossils have bee~ found in the valley borings and only once when 
boring at the edge of the hills. Small twigs and particles of wood are 
occasionally brought up, but no large pieces. The harder nodules of 
the clay are sometimes perforated with holes about \J.alf an inch in 
diameter like the tunnels of some animal. These sometimes have a 
limy coat internally. 

The indications of these data are that the valley as an estuary is 
older than the volcanic conglomerate and than the present elevation of 
the Coast ranges; that its bottom has been depressed below its orig
inal level either by mountain-building forces or by subsidence; that 
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deposition first from the Sierras and subsequently also from the Coast 
ranges has gone on continually and without any notable tilting: of the 
deposited material; that the ejection of the volcanic conglomerate did 
not interrupt the general detrital action which is still going on; and, 
lastly, that during this period the valley has for the most part main
tained a perezonal character, not supporting marine life nor affording 
favorable conditions for the existence of fresh water shells. Much of 
it is doubtless filled with deposits of Pliocene age, if not even older, 
though the superficial portion of course belongs to the most recent 
times. The sandy and gravelly layers are covered with a rich blackish 
loam in great part of vegetable origin and very fertile. This is most 
abundant and thickest away from the hills, near which it gradually dis
appears giving place to more barren detrital soil, or even to basaltic 
rock or volcanic conglomerate almost bare of soil. 

This valley in later Mesozoic time was occupied by an arm of the sea, 
and this condition was maintained to some extent at least as long as to 
the latter part of the Miocene. The marginal marine beds beginning 
with those referred to the Chico have been much broken up, eroded, and 
contorted, as a result of the physical changes which have taken place. 
At the northern end of the valley, where the Mesozoic sea washed the 
base of the Siskiyou schists of that epoch, something of the old state 
of things can be made out. 

Near Redding, along the line of the railroad between that town and 
the station called Middle Creek, the valley begins to widen, showing 
its floor to be composed of irregular edges of the upturned schists laid 
bare by the floods which annually pour down the canyon of the upper 
Sacramento. They are more or less covered by coar~e reddish gravel, 
containing many rather large cobbles. One-third of the ·way from 
Middle Creek station to Redding the schists come to an end and against 
them unconformably abut the somewhat crumpled sandstones of the 
Chico, mostly a good deal tilted, dipping to the south and west, and 
containing characteristic Upper Cretaceous fossils. 

Over these lie a 10 or 12 foot stratum of gray sand with enough 
clay in it to give the mass stability. This bed is certainly N eo zoic. It 
is remarkably uniform in texture, free from pebbles or other fragments, 
and shows no fossils. Though crumpled, it is less disturbed than the 
sandstones below it, and, on the whole, more horizontal. Half a mile 
of it is visible in the section. Conformably over it lie the same coarse 
gravels which farther north overlie the schists and which in some places 
have been incorporated with volcanic outflows, forming a sort of con
glomerate very common around the valley. The lava flows which have 
brought this about are probably to a large extent Pleistocene. 

The elevation of the Coast ranges has taken place to a certain degree 
since the beginning of the Miocene, but it is by no means probable that 
this was its first elevation. On the contrary, they are largely based 
upon schistose ridges, like the Siskiyous, which are_ of older origin, but 
which are still imperfectly known. 
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A large part of the Coast ranges is formed of fossiliferous Miocene 
sandstones more or less altered, contorted, and tilted up. On these at 
high altitudes are frequently found marine Pliocene and even Pleisto
cene fossils. The fluctuations and changes of level which have char
acterized the coast of this region since the beginning of the N eo zoic, as 
the fossils prove, can hardly be realized except by the observer in the 
field, and any attempt at description would read like vagaries of a 
vivid imagination. 

Notwithstanding their comparative youth, the valleys of the Coast 
ranges are no't unlike the great valley of California on a minor scale. 
A few notes on the Livermore valley 1 will serve to illustrate their gen
eral features. 

THE LIVERMORE VALLEY. 

The Livermore valley is the largest valley of the Coast Range north of 
Mount Hamilton, and unlike most of the valleys of this range is well 
watered, agriculture requiring no irrigation, the rainfall amounting to 
some 12 inches per annum. The entire watershed is discharged into 
SanFranciscoBaythroughNilesCanyon by the so-calledAlamedaCreek. 
Within the valley are a large number of branches of this creek, each 
draining a smaller valley or canyon of its own. 

Of these the southeasternmost is the Arroyo del Viaje, or Valle, which 
discharges by a permanent stream into a small rounded basin, from which 
there is a narrow passage into the Livermore valley proper. Here the 
hills are composed of gravelly strata covering Miocene sandstone. Th(! 
lower layers, near or in the bed of the creek, are composed of river 
pebbles, mixed with worn and broken Miocene fossils; oysters, Venus, 
Tapes, and other bivalves predominating, crushed together with many 
smoothly worn quartzite pebbles. The rock is very hard and the 
material obviously is the compacted result of the mixture of stream 
gravels with beach worn marine fragments. The strata are a good 
deal contorted, but those above lie conformably upon them. The dip 
is entirely variable, but preferentially eastward to some 30o. 

A mile or two up the canyon one meets contorted schists, much crushed 
and cut in every direction by larger and smaller veins of quartz and 
jasper. These veins furnish the pebbles found in the later sandstone 
and clayey strata, together with cobbles composed of the harder water
worn fragments of the metamorphic schists. The sandstones lie uncon
formably on and against the schists, somewhat as at Redding. Their 
lower layers as described are full of fragments of shell but none in their 
natural shape, condition, or position. The upper layers vary in compo
sition, but are more largely sandy and with numerous sanely concretions 
surrounded with thin layers of iron oxide and here and there traces of 
vegetable remains, but offering very few pebbles and practically desti
tute of fossils. The layers vary in thickness, yet the fluctuation~ appear 

I Made by W. H. Dall in September, 1890. 
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to succeed each other with something like regularity. The upper beds 
are frequently pale greenish or whitish where weathered, or a little blue 
internally. They weather easily, and fragments exposed to the air 
gradually slack up into loose sand. Here and there are clayey layers 
or lenticular masses which intercept the infiltrated iron and are often 
very hard. The uppermost beds as a rule seem rather more horY.zontal 
than those below, as if the series had been deposited while changes of 
level were in progress. 

Above the rocks, lying unconformably upon their eroded edges, is a 
layer (5 to 10 feet thick) of clayey soil full of pebbles of all sizes up to 
cobbles, mixed with weathered concretions from the underlying sand
stones. The beds of the brooks are full of gravel and pebbles which 
were first derivell from the schists, but which have been utilized more 
or less in all the subsequent strata and may have been washed out from 
any of them. 

The talus of the steep hills is often composed almost wholly of this 
gravel, the finer materials having been carried away. The above de
scription of the Miocene rocks of this particular locality will give a very 
fair idea of the Miocene beds as they appear in many places in the 
State; the differences chiefly arising from the greater or less amount 
of disturbance which the strata have suffered, or the more quiet and 
even sedimentation originally possible in some more favorable localities 
free from the influence of streams and surf. 

The more level floor of the valley away from its borders is largely 
composed of brown loam, derived trom the uppermost clayey layer above 
referred to, mixed with vegetable soil. Farther north there is in the 
valley and on many foothills a very deep layer of the so-called "black 
adobe," a black clayey loam, which is extremely fertile, but which in wet 
weather forms an almost impassable mire and in dry weather shrinks, 
forming deep vertical cracks running in all directions. 

The Miocene sandstones of this vicinity attained a thiekness of sev
eral hundred feet. Near the mouth of the Tessajara Canyon the stream 
cuts deeply into the level plain, affording a good section. The material 
derived from the adjacent hills is deposited in nearly horizontal layers 
covered with 5 to 10 feet of black adobe. Worn fossils derived from the 
adjacent sandstones are sparsely scattered through the alluvium. As 
the traveler goes from the hills toward the middle of the valley the land 
is seen to be more and more fertile. ..As he approaches the schists it 
becomes less and less fertile, until it is practically barren. 

The ..Arroyo Mocbo is next northeast from the ..Arroyo del Valle, and 
most of the rocks are tilted sandstones; but about D miles from Liver
more, on the crest of the ridge, as the road runs, the schists make their 
appearance at an elevation of about 1,800 feet. They are much contorted, 
and graduate upward into a clayey rock containing much iron, which 
has been ground for paint. The mineral springs of ..Agua Vida, 10 
miles from Livermore and 1, 750 feet above the sea, issue from the schists. 
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The above notes will convey some idea of the character of the California 
valleys, and it now remains to recapitulate the information we have 
been able to compile in relation to the distribution of the N eocene rocks. 

For this purpose it is necessary to take up the various sections of the 
State in some regular order, and the following arrangement has been 
adopted: The coast ranges are divided into those north and those south 
of the Golden Gate, and the different short ranges which make up this 
assembly are successively referred to, passing in a general way from 
north southward. 

Then follow notes on the southern border of the State and the Santa 
Barbara Islands, and lastly the Sierras with their foothills and the region 
of the Auriferous gravels, Death Valley, and the rest of the desert 
region to the south and east. • 

STRATIGRAPHY-COAST RANGES, 

DIVISION NORTH OF THE GOLDEN GATE. 

But little is known respecting the distribution of the Tertiary series 
on the western side of this range to the north of San Francisco Bay. It 
appears that the most northern outcrops of marine N eocene rocks have 
been found in Humboldt County; Cooper1 has catalogued various mol
luscan species from Eagle Prairie, Danger Creek, and Eel River in this 
county, and has assigned them a Pliocene age. At Eagle Prairie, near 
the town of Rio Dell, both Miocene and Pliocene are reported. Still 
less is known regarding the geology of Mendocino County, though the 
existence of Tertiary deposits here may be inferred from Whitney's gen
eral statement: " The great bituminous slate formation, of Tertiary age, 
extends through California, from Los Angeles as far north as Cape 
Mendocino." 2 

Farther to the south, i'n Sonoma County, Gabb3 cites several mollus
can forms as coming from "Russian River" and "Santa Rosa," while 
Whitney generalizes on these localities as follows: 4 

The valley of Petaluma extends through to Russian River, being separated from 
that of Santa Rosa Creek by hills so low that the divide can hardly be recognized. 
This valley is in the direct line with the Tertiary strata of the Contra Costa hills, 
and is prouably an excavation in that belt, with metamorphic Cretaceous and erup· 
tive rocks on both sides. 

Between Petaluma and the entrance of Tomales Bay the surface is 
generally depressed. The rocks exposed are mainly metamorphic, upon 
which her·e and there in mere patches rest, unconformably, sandstones 
of Tertiary age. The latter are well exposed at Estero San Antonio/ 
about 3 miles north of Tomales. Here the sandstone is soft yellow, 
with some hard, blue, calcareous nodules, and forms a bluff 250 or 300 
------------------------------------------------------------~ 

lJ, G. Cooper, M.D., 7th Ann. Rep. Cal. St.ate Min. Bureau, 1888, pp. 223-30S, 
2J, D. Whitney, GeoL Survey Cal., Geol.,1865, vol.l, p.l17. 
•Gabb, W. M. : GeoL Survey Cal., Pal., 1869, vol. 2, pp. 69-tlO. 
•Whitney, J.D.: Geol. Survey Cal., Geol., 1865, vol. 1, p. lOS. 
I Ibid., pp. 83--Si. 
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feet high. Fossils are numerous and are classified by Gabb as Mio
cene. 

To the west and south of Tomales Bay, in Marin County, beds of 
sandstone, presumably of this age, occur, resting nearly horizontally 
upon granite.1 At White's Gulch the sandstone is overlain by white 
argillaceous slates, resembling the bituminous and infusorial strata of 
Santa Cruz and Monterey. 

Near Suscol, 2 Napa County, the prevailing Cretaceous rocks are often 
hidden by volcanic material. Between the two, especially at the place 
just mentioned, sedimentary Tertiary rocks intervene, whose distribu
tion is as yet but little known. 

Finally, near the head of Pleasant Valley, the Cretaceous rocks are 
frequently covered by layers of volcanic ash, interstratified with gravel, 
conformable throughout, with a slight dip to the east. "They appear 
to be of Pliocene age, and identical in most respects with the sedi
mentary-volcanic beds to the north of Kirker's Pass.3 

Of one area, that north of the Napa Valley and east of the Mayacmas 
Range, at an elevation of 1,310 feet above the sea, we are fortunate 
enough to have a special geological study by Dr. George F. Becker, of 
the U. S. Geological Survey.4 

No Miocene strata have been detected in this region, and Dr. Becker 
inclines to the belief that during the Miocene this was a land area. 

Cache Lake beds.-An extensive area, of which the limits have not 
been precisely ascertained, is occupied by fresh-water sediments, to 
which the name above cited has been applied. The body of water in 
which these were laid down overlapped the area at present occupied 
by Clear Lake, with which Dr. Becker shows its geologic history has 
been continuous. 

These beds consist, first, of conglomerates carrying pebbles of metamorphic rock 
identical with that which underlies them, and of pyroxene andesite, which can not 
be discriminated from that of the adjacent "Chalk Mountain;" secondly, of sand 
beds, and, thiraly, of argillaceous and calcareous deposits. For the most part, the 
strata are little compacted and may be reduced to powder in the hand, but there are 
frequently nodular masses which are consolidated to fum rock. * * * Occasion
ally considerable· areas of sandstone fully solidified are met with. The impression 
conveyed by the prevalent distribution of the more extended and irregular hardened 

· masses is that they represent the local action of cold calcareous or siliceous waters 
upon the surrounding rock, an action which if sufficiently prolonged would result 
in the complete petrifaction of the whole series of beds. 

The Cache Lake beds have been subjected to comparatively little disturbance. 
They are tilted at angles varying from about 10° to about 40°, but the inclination 
seldom changes rapidly, and there is very rarely anything which can be regarded 
as contortion. Within the area of the map, too, no faulting was traced, though 
more or less important disturbances of this nature occur near Chalk Mountain and 

I Whitney, Geol., 1865, vol. 1, p. M. 
2Jbid., pp. 102-3. 
IJbid., p. 106. 
4Monographs of the U.S. Geological Survey, vol. XIII, Geology of the quicksilver deposits of the 

Pa<.:ifie slope, Washington, the Survey, 1888, 486 VO·· 4°; and atlas, folio, cf., pp. 233-290. 
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on the north fork of Cache Creek, east of the map limit. The thickness indicated 
by measuring the Rtrata, perpendicularly to the planes of stratification, is very 
great-some thousands of feet. I confess myself unable either to comprehend this 
or to ignore its significance. There is certainly no confusion between these beds and 
others of marine origin, since fresh-water shells were found in them at widely sep
arated horizons; but the accumulation of several thousand feet of sediment in any 
lake except one of vast dimensions seems an impossibility. .A. careful search was 
made for faults without finding any. The probabilities, however, seem to me in 
favor of the supposition that these really exist, but thus far have escaped detection. 
Even on this assumption I believe it impossible to reduce the estimate of this de
posit below 1,000 feet.l 

The fossils found in these deposits comprise some vegetable remains, 
fresh-water shells identical with species now common to the region, and 
a few bones referred by Prof. 0. C. Marsh to the horse, camel, and 
elephant or mastodon. Prof. Marsh's report seems to show conclu
sively that they are not Pleistocene, and they must therefore represent 
the close of the Pliocene. 

The beds are extensively eroded, and near Cache Creek have be~n 
terraced. On and near the north fork of the creek they are covered 
unconformably by a deposit of gravel usually 50 feet or less in thickness. 

This is somewhat obscurely stratified, unconsolidated and has been tilted, though 
less than the underlying lake beds. It presents no strata in which there would be 
any hope of finding fossils, and its origin is not certain. It may possibly represent 
the very last stages of Cache Lake, or, as seems to me more probable, the earliest 
river deposits after the close of the Cacho Lake epoch.2 

These beds are to a considerable extent overlain byandesitic eruptives 
and basalt. The former lie conformably upon the lake beds and the 
latter have been more or less metamorphosed, apparently rather through 
the action of hot water or springs than by any direct contact with 
heated lava. Similar results are noticeable where the basalt has come 
in contact with the lake beds. The metamorphosed deposits yield a 
red soil full of white masses of calcareous material which is said to bo 
very fertile. 

The later andesite overlies the Cache Lake deposits and also under
lies the Clear Lake sediments. As previously noted, the vertebrates 
of the lake beds are Pliocene, while the amount of erosion and relation 
to the modern sediments show they are upper or later Pliocene. The 
date of the eruption is thus fixed at about the close of the Pliocene 
epoch. 

The eruptions of basalt of the Clear Lake region were greatly in
ferior in volume to those of andesite, even more so than would appear 
from an inspection of the map, as owing to the :fluidity of these lavas 
the layers are thinner. These rocks are regarded by Becker as entirely 
Pleistocene, resting as they do unconformably upon the uplifted Cache 
Lake beds. 

J Becker, op. cit., pp. 239 etseq. 
•Op. cit., p. 241. 
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Valley of San Francisco Bay.-In volume VI of the Pacific Railroad 
reports Prof. Newberryt gives the following section, obtained somewhere 
along the southern shore of San l)ablo Bay, though its exact location 
is unfortunately not stated: 

a.a.. Stratz:/ted, t:utas. b. San.il..stone anil S/uile.s. c .Fossi.literous strata _, d .5andJ"t:one 
ee, Oy.sterslwlls. 

FIG. 31.-Section along southern shore of San Pablo Bay, California. 

The fossiliferous strata are said to contain Pecten pabloensis Con., 
Pecten nevadensis, a Mactra, Natica, Nu.culc~, and Tellina. All have an 
eastern clip of from 30o to 35o. 

This is probably the same locality referred to by Whitney 2 in discuss
ing the post-Tertiary deposit about Benicia. He sayR: 

Similar beds, with oysters, were oh~'>ervecl OII San Pablo Bay between Point Pinole 
and the Embarcadero; at this locality the beds containing oysters, which rest hori
zoiitally on upturned strata of the Tertiary, are elevated twenty-five feet above the 
level of the water in the bay. 

In another place the same author states3 that the Rodeo Valley marks 
the limit of the Cretaceous, going west from Martinez, and that here it 
is succeeded by comformable Tertiary strata, all clipping southwest. 

Southeast from San Pablo Bay, a series of elevations, commonly known 
as the Contra Costa Hills, extends into Alameda County, where it blends 
into the Monte Diablo Range. Its northern portion is made up for the 
most part of Miocene sandstone, often highly fossiliferous, 3 and along 
its s~uthwestern margin more or less thoroughly metamorphosed. The 
dip of the str~ta in this region is to the northeast. The localities most 
frequently quoted by Gabb4 as furnishing molluscan remains are "Wal
nut Creek" and" San Pablo," though one specimen at le~t"st is cited 
" from the hills back of Oakland." 

A short distance south of the pass between Oakland and Lafayette, 
rocks of uncertain age5 occur, and. form the central part at least, of 
this series of elevations until it merges into the Mount Diablo Range. 
Whitney is inclined to refer these to the" Cretaceous" 6 from the fossilif-

. erous contents of bowlders apparently derived from them. 

1 Explor. R. R. route from Sacramento Valley to Columbia River; Pacific R. R. reports, 1855, vol. 6, 
part 2, pp.13-14. 

z Whitney Geol. Survey Cal., Geol., 1865, vol. 1, p. 102. 
3 Ibi£1., p. 12. 
4 Geol. Survey Cal., Pal., 1869, vol. 2. 
s Geol. Survey Cal., Geol., 1865, vol. 1, p. 17. 
I Ibid.,, P· 18. 
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To the southeast of Martinez, Gabb found the "Cretaceous" and 
"Tertiary" formations occupying a syncline, as follows: 

Mount Diablo Range.-About 15 miles south 
from Martinez is the lofty summit of Mount Di
ablo. The central portion of this eminence is 
composed of metamorphic, probably Cretaceous, 
rock, while :flanking it on all sides rest unaltered 
stratified deposits. These are tilted, but other
wise little disturbed. To the north both Creta
ceous and Tertiary beds appear (according to the 
California Geological Survey) and present no 
marked unconformability. 

The Miocene series consists chiefly of beds of 
sandstone heavy bedded at base, resting upon sili
ceous deposits of uncertain age, and grading up
ward with apparently no interruption into thin
ner and more fossiliferous deposits, referred by 
Gabb. to the Pliocene. The latter are particu
larly well exposed near the east end of Kirkers 
Pass, whence so many Pliocene forms have been 
cited.1 

Resting upon these are beds of stratified vol
canic materials several hundred feet thick to the 
west of this pass, often dipping at angles of 25o, 
30°, or even 50°. To the southeast they form a 
series of rounded and bare hills, stretching along 
near the edge of the San Joaquin plains. 

A special study of the geology of the viQinity 
of this mountain has recently been published by 
Mr. H. W. Turner 2 of the U. S. Geological Sur
vey. 

According to Mr. Turner, the Miocene beds 
are largely coarse gray sandstone containing Os
trea titan Con., with Pectens, and Echinoderms 
and conglomerates containing pebbles of rhyolite, 
quartz, and metamorphic rocks. The Pliocene 
strata of the same region contain marine fossils 
and also fossil leaves, silicified wood, and horn

blende-andesite tufa and pebbles. The marine fossils have been col
lected at three localities, viz, Kirkers Pass on the north, the Rail
road ranch reservoir on the south, and Corral Hollow, about 25 miles 
southeast of the mountain. 

In the finer layers at Kirkers Pass there are also numbers of fossil 
leaves, wood, etc., which have been described (Proc. U.S. Nat. Mus., 

1 Geol. Survey Cal., Pal., 1869, vol. 2; Geol., 1865, vol. 1, p. 32. 
2 The Geology of Mount Diablo, CalifQrnia. Bull. Geol. Soc. of Am., March, 1891, vol. 2, p. 383-414, pl. 

15. Rochester, the Society, 8°, with a supplement on the Chemistry of the Mount Diabl9 Rocks, bJ 
W. H. Melville. 
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vol. 1, p. 35, 1889) by Lesquereux, who considered them Pliocene. 
Leaves from Corral Hollow were referred to the Miocene by Lesquereux, 
but were regarded as Pliocene by Prof. Whitney, in which opinion 
Turner concurs on stratigraphical evidence. 

The Tertiary strata discussed by Turner are regarded by him as 
conformable with each other and with the Chico beds of the same region, 
though the Pleistocene deposits are thought to be unconformable. 

The Tertiary rocks are greatly tilted, and in some places reversed so 
that, as in a section east from Tessajara Creek to Lone Tree Valley the 
Tejon and Chico beds overlie the Miocene. 

South of Mount Diablo, the Miocene forms a high ridge some miles 
in extent, which subsides toward the south, giving place to the Ama
dor and Livermore valleys.1 Connecting the latter with the valley of 
California is the Livermore pass, which crosses the Monte Diablo range 
at right angles. The rocks here exposed are soft Tertiary sandstone, 
dipping to the west of the ridge in a southwestern direction, while on 
the opposite side this dip is reversed. 

From this pass southward along the Monte Diablo range, these Ter
tiary deposits extend apparently without interruption as far at least as 
Corral Hollow; they extend to altitudes of 2,400 to 2,500 feet above the 
sea, are often much dislocated, and in some places contain the large Os
trea titan 2• North of" Camp 61" impressions of leaves and silicified wood 
have been noted in beds referred by Whitney to the Pliocene. For 
some distance to the south of this ''hollow" Cretaceous rocks give an 
abruptness of outline along these hills to near the mouth of Orestimba 
Canyon, where they fall away and are overlain by more yielding N eo zoic 
deposits. The latter near the eastern end of the canyon appear to lie 
conformably upon the Cretaceous, and to dip eastward toward the San 
Joaquin at an angle of 45°.3 From this point southward along the 
eastern slope of the Monte Diablo range very little is known regarding 
the character and distribution of the N eo zoic series till the vicinity of 
New Idria is reached. 

Nevertheless, it seems to be generally agreed that such deposits do 
exist, 4 though to what extent is unknown, owing to the development of 
overlying Quaternary deposits, and the limited number or entire lack 
of observations. Near New Idria, Gabb 5 identified several molluscan 
species and referre.d them to the Miocene. 

Whitney 6 states in this connection: 
The road from Griswold's to New Idria keeps along pretty near the line between 

the Tertiary unaltered rocks and the metamorphic Cretaceous. Large masses of the 
former are seen in the hills on the eastern side dipping at an angle of 45° to the 

1 Geol., Survey Cal., Geol., 1865, vol. 1, p. 33. 
'Ibid., p. as.• 
I Ibid., p. ,4. 
4 See Pac. R. R. Rept., vol. 7, pt. 2, Geol. by Thos. Antisell, pl. I, fig. I. and map at the end of pt. 2; 

also vol. 5, pt. 2, Geol., by Wm. P. Blakfl, map at end. See also Trask's Rept. for 1854, pp. 28-29. 
•Geol. Survey Cal., Pnl.,1869, vol. 2, and Geol., 1865, vol. 1, p. 57. 
& Geol. Survey Cal., Geol.,1865, vol. 1, p. 57. 



206 THE NEOCENE OF NORTH AMERICA. (BULL.84, 

north and northeast. • * * Everything indicates a considerable widening of the 
Tertiary belt, forming the eastern edge of the chain, as we proceed southward, and 
the mass of these sandstones appear to dip toward the plain of the San Joaquin. 

Hilgard reports abundant well preserved marine (Pliocene?) fossils 
in unconsolidated sand on the eastern slope of the range alop.g the road 
leading from Bakersfield to San Luis Obispo. 

Having traced the N eo zoic deposits along the eastern slope of the 
Monte Diablo Range, a few words must be added in reference to similar 
deposits upon the opposite side. Beginning, therefore,-at the locality 
where this range merges into the Contra Costa hills, whose geology has 
already been discussed, we find here. as farther to the northwest, a 
ridge of more or leEs metamorphosed Miocene sandstone1 extending 
along the eastern border of the valley of San Francisco Bay. Its 
southeastern extension has been traced some distance beyond the lati
tude of San Jose mission; its dip is toward the northeast, often at a 
high angle; it is often thoroughly metamorphosed in one locality and 
entirely unaltered close by it; its fossils, though numerous, are in a 
bad state of preservation. 

Farther to the south, in the river valley above Tres Pinos, immense 
detrital deposits have been noted by Whitney which may belong to the 
Pliocene.2 They fill the valley for 10 or 12 miles, are unconsolidated 
and nnfossiliferous. 

Santa Cruz Range.--'fhis range has been but little explored from a. 
geological standpoint; but its general structural features have been 
ascertained, and may be stated as follows: 

From the Golden Gate, metamorphic beds, mostly Cretaceous, ex
tend to the southeast through northeastern San Mateo and south
western Santa Clara counties; in the latter they form a lofty ridge 
occasionally rising into such summits as Mounts Bielawski, U munhum, 
and Bache. Their northeastern slopes exhibit several patches of Neo
zoic rocks, of which material their southwestern slopes are almost 
wholly made up. 

The New Almaden district has been carefully studied by Dr. George 
F. Becker,3 of the U.S. Geological Survey. Here upon the metamor
phic rocks lie some areas of soft Miocene sandstones of a yellowish 
color and containing a good many poorly preserved fossils. They are 
considerably disturbed, lying unconformably on the metamorphic rocks, 
of which they contain fragments. There also exists along the border 
of the Santa Clara valley a small quantity of conglomerate, composed 
of metamorphic pebbles imbedded in an arenaceous matrix, which is 
similar to the Miocene sandstone: According to Becker (op. cit. p. 313) 
this rock may be a remnant of Miocene, but more probably represents 

I Geol. Survey Cal., Geol., 1865, vol. 1, p. 51-52. 
2 Ibid., p. 54. In his .Auriferous Gravels, Whitney states without a.ny qualifications that they are 

Pliocene; op. cit., 1879, p. 21. 
3 U. S. Geological Survey, Monograph, 1888, vol.13, Geology of the quicksilver deposits, chapterx, 

pp. 810-318. 
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Pliocene, though it would, in the absence of positive evidence, be rash 
to map it as such. 

A long and tolerably regular dike of rhyolite, a light yellow, tufa
like substance, hardly distinguishable at a distance from the sand
stones, was discovered in the northern part of the district by Dr. 
Becker. He regards this rock as certainly post-Miocene, for if it had 
been earlier it must have shown the effects of the post-Miocene uplift. 
As a rule the rhyolites of the Pacific slope are, as pointed out by Rich
thofen, younger than the andesites. If this rhyolite is younger than 
the andesites of Mount Diablo and Napa County, it is Pleistocene, but 
there is no direct evidence that this is the case. On the whole the 
probabilities are that it is recent or late Pliocene, but all that is certain 
is that it is not older than the Pliocene. All the quicksilver deposits 
of the district occur along a rather simple fissure system, which was 
probably formed at the time of the rhyolitic eruption, to which Becker 
also attributes the genesis of the ore. 

Farther to the west, a high range of granite hills 1 may be seen, be
ginning near Santa Cruz and stretching away to the northwest nearly 
to the Pescadero Creek. Still nearer the coast,2 extending from Santa 
Cruz to a point 3 miles northeast of Spanish Town is a bel~ of bitumi
nous slate, containing interstrati:fied beds of sandstone and narrowing 
rapidly in going northward. 

Going southward from San Francisco, the first deposits met with 
which are probably of Tertiary age are found along the seacoast from 
near Lake Merced to Mussel Rock.3 They consist of a bluish sandstone, 
resting unconformably on metamorphic strata below and overlain by 
unconformable Pleistocene deposits. Upon the evidence of the fossils 
they contain, these have been assigned to the Pliocene. Gabb, more
over, has mentioned several species from "near San Francisco" and 
"12-Mile House below San Francisco" as belonging to a Pliocene hori
zon.4 

Farther to the south, both Pliocene and Miocene forms are cit~d by 
this author from Half l\foon Bay. The regular belt, however, of bitu
minous Miocene shale, begins at a point 3 miles northeast of Spanish 
Town wbere it caps a mass of granite.5 No fossils of any particular 
value for determining the horizon of this bed were found here, yet from 
lithologic resemblance and structural position, they belong with little 
doubt to the Miocene belt well developed farther south. 

In a section from San Mateo to Half Moon Bay at Spanish Town, 
Whitney found 6 that west of the granitic axial ridge there is a low 
ridge of friable sandstone, dipping to the west at an angle of 40 degrees. 

1 Geol. Survey Cal., Geol., 1865, vol.l, p. 72-73. 
2Ibid., pp. 74 and 75. 
J Ibid., p. 79. 
• Gool. Survey Cal., Pal., 1869, vol. 2, p. 79. 
1 Geol. Survey Cal., Geol., 1865, vol.l, p. 74. 
• Ibid., p. 75. 
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Proceeding toward the coast, this dip is reversed, with a pitch of 50 
grees wlHch diminishes all the way toward Spanish Town, and fin 
it is nearly horizontal on the seashore. The character of the rock also 
changes, becoming more and more argillaceous toward the bay. These 
beds probably belong to the Miocene series, since they are in line with 
the bituminous shaly belt referred to above, though characteristic fos
sils have s9 fa~ been found only in the immediate vicinity of Half Moon 
Bay. Nevertheless, Whitney remarks, 1 "the fossils found in the strata 
show that they belong to the Miocene." 

The same formation has been seen well developed along the trail from 
Pescadero to Sears ville; near the latter place the occurrence of Ostrea 
t·itan has been noted among other molluscan forms.2 

At Pigeon Point a gray compact sandstone appears, which, upon pale
ontological evidence, has been referred to the Miocene.3 Another sand
stone occurs just north of New Year's Point ranch house, which, according 
to Gabb, should be referred to a Pliocene horizon.3 Bituminous shales 
have again been seen along Scott's Creek, 3 and again at Santa Cruz. 

Upon the northeastern flank of the metamorphic region, mentioned 
above, there are several local exposures of Cenozoic deposits, all of which 
have been classified as Miocene.4 Of these the more important are: 
(1) A patch on the ridge from Mine Hill to Mount U munhum, and (2) 
those in the vicinity of McCartyville. 

Gavilan Range.-This is in trend only a ~outheastern continuation of 
the Santa Cruz Range just described, being separated from it only by the 
valley of the Pajaro River. In its northern part it is well separated from 
the Monte Diablo Range, on the east by the San Juan and San Benito 
valleys, and from the Santa Lucia Mountains on the west by the Salinas.5 

In the valley of the Pajaro Whitney has observed the bituminous 
belt of shale 6 so frequently referred to, as well as Miocene sandstone. 
Antisell makes no reference to shales, but reports the "basal rock" to 
be "felspathic granite" upon which the sandstone rests, though their 
juncture has not been observed. These sandstones form in the vicinity 
low foothills of the Gavilan Range. In them Antisell notes the occur
rence7 of Venus pajaroana, described by Conrad and referred to the 
Miocene Tertiary. Whitney remarks: 

Portions of the formations are fossiliferous; but all the shells found were in such 
a bad state of preservation that little or nothing coul9. be made of them. There is 
not much doubt, however, that these rocks form a part of the Miocene Tertiary, so 
extensively developed in the Coast ranges. 8 

' Geol. Survey Cal., Geol., 1865, vol. 1, p. 75. 
llbid., p. 72. 
•Ibid., p. 73. 
4 Ibid., p. 67-68. 
I Ibid. , p . 159. 
'Ibid., p: 165. 
7 Pac. R. R. Rept.,vol. S, pt. 2, p. 37. 
• Geol. Survey Cal., Geol., 1865, vol. 1, pp. 159-160, 
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To the south, near the trail from Canyon San Juan to Natividad 
ranch, these rocks become metamorphic. Finally, Antisell has given 
a somewhat hypothetical section, 1 extending due east from Point Pinos 
to San Joaquin Valley, which, of necessity, crosses this range still far
ther to the south. The Gavilian Range is here represented as being made 
up of (1) a central axis of " orthose granite," flanked on either side by 
(2) metamorphic limestone, which in turn is overlain by (3) "Dosinia 
sandstone." 

Little is known regarding the geography or geology of this range 
along its southern extension; it is assumed, however, to blend into the 
1\rlonte Diablo Range in the vicinity of San Lorenzo. The foothills that 
are found along its western margin, just to the east of the Salinas River, 
are said by AntiseH to extend southeastward to the mission of San 
Miguel, making their entire length 80 or 90 miles. Their lithological 
character and stratigraphic relations are the same throughout as rep
resented in the section referred to above. 

Finally, molluscan forms have been collected in the Estrella Valley, 
which Conrad referred to the Miocene-an opinion in which Gabb con
curs. 

Sierra de Salinas.-This chain of hills, so named on the Pacific Rail
road maps, begins a little northwest of Monterey and extends in a 
southeasterly direction to the confluence of the San Antonio and Sa
linas rivers. Its structural features are given very.differently by Whit
ney and Antisell in their respective reports, while the statements of 
Trask and Marcou are too general to be of service here, the former 
designating it as "an.extensive group of the serpentine formations." 2 

Whitney 3 has described at considerable length the geology of the 
immediate vicinity of Monterey in his report of 1865 (pp. 160 et seq.).4 

Suffice it to say that this region shows an stages of metamorphism in its 
rocky material, and that the junctions of the granitic masses with the 
1\iiocene slates and conglomerates are well exposed. 

Extending east from Monterey, and flanking the Palo Escrito Hills 
(such being the name applied to the northern part of the Sierra de Salinas) 
on the north is a series of sandstones and conglomerates several hundred 
feet in thickness, which dip more or less to the north and northeast, 
and in plaees are quite fossiliferous. " These rocks appear to belong 
to the upper division of the lVIiocene." Between the mission of Carmel 
and Monterey the Palo Escrito Hills consist of unaltered bituminous 
slate, light in texture and containing some fossil remains. 

By these Whitney 5 determined the age of this formation so exten
sively developed throughout the Sierra de Salinas. They belong to the 

1 Pac. R. R. Rept., 1857, YOl. 7, part 2, Geol., pl. 1, fig. 1. 
2.John B. Trask; .A.ssemb. Doc. No.9, 1854, "Rept. on Geol., etc." p. 21. 
3In Pac. R. R. Rept., 1856, vol. 5, part 2, pp. 180 et seq. Blake has also described this vicinity. 
4For description infusorial strata in this vicinity see Proc. Phila . .A.cad. &!i,, 185&, vol. 7, pp. 328-331. 
6 Gwl. SurYey Cal., Geol., 1865, vol. 1, p. 154. 

Bull. 84-14 
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Miocene. This confirms the speculations of Blake 1 and Conrad 
lished nine years before. 

Farther to the southeast, in the vicinity of mission Soledad, the rocks 
on the east side of this chain are nearly all metamorphic, " consisting 
chiefly of mica slate, in places interstrati:fied with gneiss, while the 
w~stern slope is made up partly of metamorphic rocks and partly 
unaltered bituminous slate." Still farther in the same direction, be
tween the San Antonio and the Salinas, the rocks consist almost ex
clusively of bituminous slate. 2 

In general it appears, from the remarks of Whitney, that these beds 
have on the whole a northeastern dip, though they are often much 
folded and broken and dip, locally, in various directions. 

Santa Lucia Mountains.-This chain of mountains rises suddenly from 
the ocean level at Point Carmel and extends in a southeasterly direction 
parallel to the coast for over 100 miles without a single break. Much 
of it rises abruptly from the sea. It has been very little explored. It 
is known, however, to have a granitic axis from the outcrops along the 
coast ~rom the point just mentioned to El Sur and from bowlders of 

FIG. 33.-Section near San Miguel, California. d, central 
axis, felspathic granite; a, b, c, sandstones (c, theDosinia 
bed); s, serpentine; t, dikes of felspathic (augitic) trap. 

this material washed down from its heights into the San Antonio and 
Nacimiento rivers. Resting on the granite is a Cenozoic sandstone 
(probably l\Iiocene) and very extensively metamorphosed. Stratigraph
ically above this, as may be seen on the Carmelo and the Arroyo Seco 
rivers, rest thick deposits of bituminous slate. These continue south
eastward and are well developed along the Nacimiento, some 6 or 8 
miles from its mouth. They in turn are here overlain by a group of 
rather soft sandstone, sometimes calcareous, with a thickness of over 
1,000 feet. These beds are fossilferous in places, containing species of 
Pecten in particular abundance. Among these the J.\Iiocene P . pabloen
sis is most common. 

This sandstone is probably the one referred to by Antisell in his 
"Section of Antonio Hills," from which Conrad describes four SIH\cies 
of Dosinia. "Unfortunately nothing more clefmite is given regal'ding 
the locality of this section than that it is "uear the mission San J\figuel." 
Such being the case it seems scarcely exact to apply to it the name 
"San Antonio Hills," since they, according to Whitney, are found only 

I Pac. R. R. Rept., 1856, vol. 5, part 2, p. 182, and Appendix, p. 317. 
2Geol. Survey Cal., Geol., 1865, vol. 1, p. 150. 
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at some distance below, viz, near the month of the San Antonio Hivcr. 
The section, however, iH given in Fig. 33. 

Fart,her to the south, in the Santa Marga- ~ 

rita Valley, a quartzitic sandstone has been :::; ~ 
~ ~ observed, which contains oysters and pectens, ~ ·

1 

and on Atascadero ranch the f(,ssils are sup- ~ ff 
posed to be Pliocene. ~- ~ 

(I) Deposits supposed to a': ~ 
~ belong to the bitnmi- ! [ 

nons slate formation ·~ ~ 
have also beenobservecl § §. 
here. Fig. 34: shows ~ ~ 
the structure of the ;~ 

c"'(l) 

SautaLuciaJ\Iouutains, 
between Santa Marga
rita Valley and 8au 
Luis Bay. 

.A.uother section ap
parently somewhat far
ther to the south iH 
given by Autisell. (See 
Fig. 35.) 

The continuity of this 
range to the southeast 
has not been traced with 
certainty far beyond 
San Luis Obispo, yet it 
may perhaps be regard
ed as blending into the 
Sierra San Hafael. 

To the east of this 
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range Autisell has de- § ~-
Hcribcd at some len e:th C: ~ 
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his " Sierra San Jose " 8 .g_ 
as extending from the ) .F 
Margarita Valley to the ~ ~ 
'' mot1ntain mass of Sa11 ~ S· 

p..~ 

Emidio. It has a gra- ~ ~ 
uitic axis, which is ~ 11~ 
fl.:mked with serpen- ~=>"' '-----~-..!.J 

~ tiue, slates, conglomerates sandstone," etc.1 

Along the western borders of the Santa Lucia 
Range, a series of so-called "buttes " 2 are found which are very sharp 
in outlines, being made up of trachyte and trachytic porphyry, as well 
as metamorphic sandstone and serpentine. 

1 Pac. R. R. Rcpt. , 1837, vol. 7, part 2, pp. 47 et seq. 
2 Geol. Survey Cal., Geol., .i.865, vol. 1, p. 139. 
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Southwest of the San I,uis Valley a lo'v chain of hillH separates 
the valley from the ocean. To this Whitney has given the name " San 
Luis Range.m Its structure may be seen in his section given above 
(Fig. 34). It often contains vast quantities of Ostrea titctn.' 

This region is one in which the influence of both the northwm;t-sonth
east trend of the mountain ranges already described, and the east-west 
trend of the ranges about to be described, are quite apparent. The re
sult is a general complication of the stratigraphy. 2 It is almost wholly 
uuk:vown. 

Santa Inez J-lountainB.-This iH a ·well defined mountain chain, geo
graphically speaking, and one whose structure is simple and fairly well 
known. It consists chiefly of Miocene sandstone aud shale, as do the 
rangeR of the San Hafael, Ouyames aud others in the region of compli· 
cate<l stratigraphy to the north. 

The following three sections will suffice to show the structure of this 
range: 

antral part. 

FIGS. 36,3 37,4 38,5-Sections acroRs the Santa Inez Mountains . 

The asphaltum and bituminous substances of such common occm·• 
renee along the shore of the Santa Barbara channel at the base of the 
Santa Inez Range, have received much attention from Dr . .A.ntisell, as 
may be seen from Chapter xvr, in volume vn of the Pacific H. R. 
Reports, as well as from his work on "Photogenic Oils." 

There is another interesting feature of the geology of the roast of this 
region, and that is the development in some localities, especially in the 
vicinity of Santa Barl>ara Mission,6 of Pliocene deposits which lir un
conformably upon the upturned edges of the bituminous slate series. 

1 Geol. Survey Cal., 1865, vol. 1, p. 140. 
2 Ibid., pp.llO, 111. 
3 Ibid., p.135. For a detailed description of Gaviot Pass, seevol. 7, Pac. R. R. Rep., pt. n , chap.10, pl. 4. 
4Ibid.,p.129. 
s Ibid., p. 128. 
6 Ibid., p.130. l!'or Conrad 's description of the Miocene and its fossils at this locality, vide Proc. Phila. 

Acad. Nat. Sci., 1855, vol. 7, pp. 267 and 441. 

.. 
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Distance about 3 miles. 

Tulare Valley.-Before proceeding further with remarks on the Neo
cene formations as they are found in the ranges and plains near the 
ocean, it seems well to refer briefly to some deposits r.:g ,._ 

8;>:>:;5 ;-,j 

of this age, found some distance to the northeast, at ~ g. ~ 
the head of Tnlare Valley. g: a ? 

t1 ct> I 
Between the eastern terminus of the Santa Inez ~ [ [ 

t:j 0 1-'• l\fountains and the Tulare valley, the geologic as well 
as geographic features are little known. A..ntisell's 
section (Fig. 6, Pl. rv, Pacific R. R. Reports, pt. 2, 
Vol. 7), from San Buenaventura to Canada de las 
Uvas,may perhaps serve to give a general idea of the 
stratigraphy along this line, yet allowance, must be 
made here as elsewhere for the tendency of this au
thor to classify among igneous rocks many wl~ich 
later surveys would lead us to regard as metamor
phic. 

San Ernidio Oanyon.-A..long San Emidio Canyon, 
to the north of Mount Pinos, Tertiary deposits are 
developed as follows: 1 

"The belt of Tertiary extends along the flanks of 
the mountains eastward for about 20 miles from San 
Emidio Canyon, passing out into the plain, and ter
minating in a range of hills to the northwest of the 
mouth of the Canada de las U vas." West and north-
west of this canyon "a wide belt of Tertiary rocks 
may be seen skirting the coast ranges and worn into 
rounded hills, which are generally barren." ''A spur 
runs out into the plain to the west and northwest of 
Buena vista Lake, and widens out near Paso el Roble, 
extending down the valley as far as the eye can 
reach." 

Many of the sandstone beds, presumably Cenozoic, 
are nonfossiliferous, while others contain a great 
number of fossils, though generally in a poor state 
of preservation. The whole group must have con
sideraule thickness, since it is said to dip northward 
at an angle of 600 or 70o for about 2 miles. The up-

A Geol. Survey Cal., 1865, vol. 1, p. 189. 
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l1Cl' lllCLllbCl'H "COllSiRt of Samlstone and conglomerates, the latter ahund· 
ant and coarse, and appearing to be more recent than .l\Iiocene; they 

are probably of Pliocene ,....__...,..._, :S 
bf; and post-Pliocene abo·e. All 
§ 
H these are disturbed and up-
~ turned, to the very mouth 

Q) f ~.o o the canyon." 
~ Not far from the region 
~ under consideration, viz, 
.s near Canada de las Uvas, 
.g. the granitic axes of the 

Sierra Nevada and the 
@ Coast Range appear to 
i unite,1 and extend thence 
~ in a southeastern direction, 
~ forming the backbone of 
~ 
~ the San Gabriel, the San 
;a Jacinto, the subordinate 
j 
~ . ranges to the west of the 
ur ~ latter, and of the great San 
~.c] Bernardino Range to the o:=o 

~.,.. east. It should be borne 
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~n mind, however, that 
these minor granite up
heavals were not synchro
nous, so that they may rep
resent several djstinct pe
riods of djsturbance result
ing in the apparent blend
ing of the two more impor
tant ranges. 

San Gabriel Ra.nge.
Passing southeastward 
from the Canada de las 
Uvas,2 the first presum
ably N eocene deposits met 
with are found about the 
base of the San Gabriel 

Range.3 They consist of immense masses of sandstone and conglom
erate, penetrated in some instances by granite dikes, and often turned 
up at a very high angle in almost any direction. The metamorphic rocks 
of this range are referred by Whitney to the Cretaceous. 

1 From this locality southward into Lower California Antisell calls this range "The Cordilleras." 
Pac. R. R. Rept., vol. 7, pt. 2, p. 87, 1857. 

2 For a geological map of the region about these passes, see Blake, Pac. R. R. Rept. 1856, vol. 5, pt. 2 
p. 197. 

aGeol. Survey Cal., Geol., vol.l, pp.171 et seq. 
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The topography about this range is evidently little known, for the 
authorities give widely varying accounts of its relations to the different 
sierras in this region. Whitney regards it as continuous with the Santa 
Susanna and Santa Monica ranges on the west.1 

Santa Susanna and Santa Monica ranges.-The structural features 
of these two mountain ranges, especially the last mentioned, are fairly 
well known. The main characteristics are shown in the sections given 
in Figs. 44 and 45. The first, after Whitney,2 is across their eastern 
portio.n, while the second, taken from Antisell,3 is farther to the west, 
extending northward from Point Dumel. 

These sandstones and shales belong for the most part to the Miocene. 
Gabb, however, has referred a certain deposit, north of·the east end of 
the San Fernando valley, to the Pliocene.4 To this age also are referred 
certain conglomerates at the opposite or western end of the valley. 
Here a low transverse range of hills seems to connect the Santa Su
sanna and tJ?.e Santa Monica ranges. They are made up for the most 
part of Miocene shales and sandstones, some of which are highly meta
morphosed, while on the hills north of Cayeugas ranch there are beds 
of light colored sandstone containing numerous Pliocene fossils. In and 
around the Sa.n Buenaventura or Santa Clara valleys the light colored, 
bituminous shales are extensively exposed. These and the region 
about Los Angeles have been studied with some care by Antisell in 
reference to the "bituminous effusions" already referred to. 5 The 
geology about Los Angeles is briefly described oy Whitney. 

Gordilleras.-Under the head of "Geology of the Cordilleras," Anti
sell has given a few g·eneral remarks on the geology of the graniti~ 
range under consideration, between the San Gabriel Mountains and the 
Lower California boundary line. None, however, materially assist in 
working out the character and extent of the Cenozoic deposits of this 
region. Whitney has devoted several pages to Santa Ana and Temes
cal ranges in the first volume of his report. Both these ranges are 
found to have axes of granite, with more or less metamorphic material, 
referable, perhaps, to the Cretaceous; and near the Santa Ana River 
thick deposits of coarse sandstone and conglomerates are found, with 
imperfect Tertiary shells supposed to be Miocene. 

A geological map of the coast range, from the San Gabriel Moun
tains south to the boundary line of Lower California,. is given by Blake 
in his report on the geology 6 for 1855. This shows the distribution of 
''Tertiary and detritus" about the borders of the Colorado desert and 

J Geol. Survey Cal., Geol., 1865, vol. 1, p. 171. 
2 Ibid., p. 121. 
BPac. R. R. Rept. 1857, vol. 7, part 2, Geol., pl. iv, fig. 5. 
• Geol. Survey Cal., Geol., 1865, vol.l, p.121. (Is this the locality whence Gabb cites so many Plio· 

cene specimens 1 See Pal., vol. 2.) 
6 Pac. R. R. Rept., 1857, vol. 7, pt. 2, Geol., chapter xvi, and "Photogenic Oil." 
6 Rept. P.R. R. Exped., 1856, vol. 5, pt. 2, map opp. p. 228. 
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along the western slope of the range in question, i. e., between it 
the Pacific Ocean. 

San Diego t·egion.-From specimens collected at San Diego by 
expedition, Conrad was led to infer 1 that some phase of the 1UIOC(m6.· 

series may here be represented. In a subsequent volume 2 he 
the same impression, though making it perhaps slightly more U.VJU.LUUV•.' 

Iu1874, W. H. Dall published in the proceedings of the Cal· 
Academy of Sciences 3 a list of 69 molluscan forms, which were Ouuu.J.u" ... . 

from a depth of 140 to 160 feet in a well sunk at San Diego. Concern
ing these forms he remarks: 

On an examinatj.on of the list it will be seen that of 69 species only three are 
strictly Miocene, while many are reported by Gabb as extending from the Miocene 
to the present epoch. * * * 'l'he age of the deposit, in general terms, may be 
taken as Pliocene. 

From various localities in this vicinity, as Pacific Beach, False Bay, 
Ocean Beach, and Roseville, Orcutt 4 has given lists of "Tertiary fossils" 
without further attempt at correlation. 

On the eastern slope of these mountains a very fossiliferous bed has 
been found, occupying the upper part of a sedimentary deposit which 
is found along Carrizo Creek. The whole bed is largely made up of 
the shells 5 of Ost'i'ea vespertina, 0. heennani, Anomia subcostata, and 
Pecten dese'i'ti, all of which were described by Conrad, and assigned to 
the Miocene/ though Gabb 7 regards these fossil oysters as Pliocene 
species. Orcutt is inclined 8 to regard them as Cretaceous. This com
pletes the available data on the geology of the Coast Range; but, 
before taking up the Sierra Nevada we may consider the islands off the 
coast of Santa Barbara. 

Santa B(u·bara Islands.-There are several small islands near San 
Pedro which have afforded a good many well preserved fossils. These 
have been referred en masse by some authors to the Pleistocene or l\Iio
ceRe, but recent observations by M. B. Williamson indicate that some 
confusion has occurred, a view which is supported by the character of 
the fossils. It appears that on Deadman Island, near Point Fermin, 
at least three distinguishable strata appear, the uppermost of which is 
certainly Pleistocene, while the others are Neocene, and the middle 
layer probably Pliocene. 

The western portion of Anacapa is supposed 9 by Yates to consist 'in 
part of sandstone similar to the late Tertiary beds on Santa Rosa. 

1 Pac. R. R. Rept., 1856, vol. 5, pt. 2, art. 2, app. p. 317. 
2 Vol. 7, pt. 2, p. 188. 
8 Vol. 5, pp. 296-299. 
'The West American Scientist, July, 1889, vol. 6, pp. 70, 71. 
5 Pac. R. R. Rcpt., 1856, vol. 5, pt. 2, p. 122. 
& Ibid., p. 235. 
1 Geol. Survey of Cal., Pal., 1869, vol. 2, p. 107. 
8 Tenth Ann. Rep. State Mineralogist Cal., 5, 1890 p. 91. 
'Lorenzo G. Yates: 9th Ann. Rept. Cal. State Mining Buroau, 1890, pp.172, 173. 
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On Santa Cruz, bits of slate and asphalt have been noted by Good
year1 in several places; at one locality, near Smugglers Cove, "un
mistakHble bituminous shale" has been observed. 

On Santa Hosa various rleposits have been observed by Yates, which 
~re referred by him to the Tertiary. 

In the Smithsonian Report for 1877 2 will be found a few notes on the 
geology of this island, fi.'om the obsm vations of Yates. Among the 
stratified deposits he fitHls (1) a barren sandstone; (2) impure limestone 
containing Ostrea titanj (3) a fossil-bearing deposit beneath the Pleis
tocene on tlle northern part of the island, and ( 4) Pleistocene fossilifer
ous bells. 

Mr. "\V. G. Blunt found an elephant's tooth aud tusk on this island, the 
former of which was presented to the California Academy of Sciences, 3 

and, more reeently, Voy has collected other remains 4 of Elephas here. 
Dr. Yate: report::s having found the following species in the sandstones 
of this isbnd: llinnites giganteus, Turritella ineziana, Neverrita callosa, 
Pecten pltbloensis, Liropecten est'relll~n~ts, Venus kennerlyi and T'ltrbinelltt 
crestus.5 

Catalina Island is largely composed of metamorphic schists, with 
ser1wntiue and steatite. It is believed that CeHozoic sandstones also 
exist, though largely removed by erosion. Pleistocene gravels are found 
sparsely around tbe borders of the island. 

The island of San J\IigueJ is also partly schistose, with beds of gravel 
masking the underlying rock, and the presence of sandstone is inferred 
from fragments fou])(l on the beach. 

This island, within historic times, was inhabited by Indians, and was 
covered with a coating of turf and vegetable soil. The introduction of 
sheep, after the expuh;ion of the natives, has had the effect of gradu
ally killing the vegetation, which prevented tbc inroads of the beach 
sands. The latter are spreading over the island of San J.VIiguel, as well 
as the other oil:'-shore islands, and already cover to a considerable depth 
on the lower part of it the dead remains of the former turf, while on the 
hills the sheep are gradually destroying the remainder. With the 
destruction of the protective coating the erosive forces will begin to 
operate in a somewhat different. and more energetic manner, and the 
whole series of operations offers an instructive instance of the modifica
tions due to human interference, which may affect geologic action. 

THE SIERRA NEVADA. 

In this area will be included that portion of the State lying to the 
east of the Cascade Range, the Sacramento and San Joaquin rivers, 
aml the Cordilleras. 

1 IV. A. Goodyear: 9th Ann. Ropt. Cal. State Mining Bureau, 1890, p. 159. 
2 See also .A.m. Geol. , 1890, vol. 5, p. 49. 
3Proceedings, vol. 5, p. 152. 
'Now in the cabinet of tho State University at Berkeley. 
6 Ninth ..A.:an. Rept. Cal. State Min. Bw·., 1890, p. 173. 
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Colorado desert.-Blake suspects that some of this area, esr1ema111 
about its periphery, is underlain by Tertiary deposits. 1 The map 
companying his report on this region is so colored as to give his idea 
the distribution of these beds. 

Death Valley.--:Gabb cites at least one species, Natica recluziaoo, 
from this region, and refers it to the Miocene.3 

Foothills of the Sierras.-It will be recalled that in discussing 
Coast Range, attention was called to the extensive Miocene beds in 
vicinity of San Emidio Cauyon, which extend eastward nearly to 
mouth of the Canada de las U vas. From this point eastward, if 
exist at all, they must pass beneath the Quaternary deposits of the plain 
until the vicinity of Kern River is reached. Here extensive deposits 
of soft, friable sandstones may be seen, forming rounded hills from 200 
to 600 feet high which rest upon upturned edges of the granitic and 
metamorphic beds of the Sierra. This sandstone extends continuously 
as far to the north as White Creek, but is best developed and has been 
most thoroughly studied in the vicinity of Pose or Ocoya Creek. Blake 
has devoted several pages in his report 4 to this district. The fossil mol
lusca, which exist ouly in the form of casts, were submitted to T. A. 
Conrad, while the shark's teeth were sent to Agassiz. Both these au
thorities concluded the horizon represented was doubtless Miocene, a 
view confirmed by the researches of the California Geological Survey.5 

The general features of this formation will be found in the following 
section, compiled by Blake,6 near "Dupont camp," on the south side of 
the creek: 

Feet. 
n. Gray sand, with layers of pebbles................................ 20 
m. Gravel and pebbles, with sand .... .... .... .... .. .... .... .... .... . 1 

l. Sand, with clay nodules...... .. .. .. .. .. .. . .. . . . .. .. .. .. .. .. .. . .. . 20 
k. White clay and fine sand........................... .. .. .. .. .. .. .. 2 
j. Pumice sand or volcanic ashes, very fine and white in thin strata.. 15 
i. Fine white sand, derived from pumice stone, 'vith intercalated lay-

ers of pumice in nodules and in powder.... .. .. .. .. . .. .. . .. . .. . . 25 
Fine sand, with small spherical and ellipsoidal masses of white 

pumice stone. Thin layers of charcoal, in fragments ..... _. _.. . 0 ·6 
h. Fine sand, with curved layers of oxide of iron .... _... . . . . . . . . . . . . 4 
g. Argillaceous sand, filled with small nodular masses of clay, from 

one-fourth of an inch to three inches in diameter................ 1 
f. Fine gray sand, with an occasional layer of pebbles (this stratum is 

partly hid).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
e. Fine gray sand, cro~ stratification distinct, contains nodules of 

clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
d. Casts and molds of fossil shells in sesquioxicle of iron, gravel, and 

sand, layers oblique............................................ 1•4 

I Pac. R. R. Ropt., 1856, vol. 5, pt. 2, pp. 234-235; map opp. p. 238 aud section sheet 6. 
2Geol. Survey Cal., Pal., 1869, vol. 2, p. 77 
1King regards the immense series of upturned fresh-water G.eposits in the vicinity of Cajon Pass as 

Miocene: Explor. 40th Parallel, System. Geol., vol.l, 1878, p. 413. 
4 Pac. R. R. Rept., 1856, vol. 5, pt. 2, pp.164-173. 
• Geol. Survey Cal., Geol., 1865, vol. 1, p. 203. 
spao, R. R. Rept., vol. 5, pt.3, p.167. 
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:Foot. 
c. Sand, stained with irou, includes a thin layer of Jlebblcs . . . • • • . • . . 2 

Gravel and saml, inclosing casts of fossils, obliquely stratified, and 
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all strongly cemented with sesquioxide of iron...... . . . . . . . • . . . . 0 ·7 
b. Sand, in thin layers, stained with oxide of iron . . . . . . . . . . . . . . . . . . . 0 ·6 
a. Fine, friable, gray sand, stained with lines of oxide of iron, and in

closing nodules of various sizes encased in oxide of iron..... . • • • 2 
Level of Pose Creek. 

North of White Creek this or a similar formation extends along the 
base of the Sierra, forming low detached foothills as far north perhaps as 
San Joaquin County, though this portion of their extension has been 
little studied. 

THE AURIFEROUS GRAVELS. 

Beds of incoherent Pliocene sands and gravels have already been re
ferred to in connection with our description of the Coast ranges. They 
have as a rule been found to lie nearly horizontally upon the upturned 
strata of the Miocene or earlier date, and are usually unfossiliferous. 

On the western flank of the Sierra Nevada, extending from Maripo8.11 
to Plumas County, a distance of 175 miles, is a district containing 
numerous patches of sands, clays, and gravels, which, on account of the 
gold they contain and their generally coarse materials, have usually 
been termed "Auriferous gravels." Their mode of occurrence, their 
fossil contents, their probable geological age, etc., were noted with 
some care in the first volume published by Whitney on the geology of 
California, but have since been elaborately discussed by the same 
author,1 and the able paleobotanist, Leo Lesquereux,z in volume VI 
of the Memoirs of the Museum of Comparative Zoology at Harvard 
College, 1878-'80. It accordingly seems unnecessary to go into details 
here regarding the geology of the gravels. The State Mining Bureau 
of California has been collecting material regarding these gravels for 
the last ten years, and this has been published in the annual reports of 
the State mineralogist. It relates ab1~.ost entirely to economic matters, 
so that for general geological and paleontological features of these 
deposits reference must be had to the works of Whitn~:y and Lesquereux. 

N eocene lake beds.-Farther north, however, in Plumas, Lassen, 
Shasta, and Tehama counties, the researches of J. S. Diller have 
brought to light the existence of various beds of volcani<; detrital and 
ordinary fresh-water sedimentation, which in some instanc~s are aurif
erous, and doubtless are synchronous with the "Auriferous gravels" to 
the south. In discussing these deposits Mr. Diller 3 subdivides them 
into " Miocene" and "Pliocene," though on a local map, includl!)g the 
Lassens Peak district, he colors them all as "N eocene" without iis
tinction. This author says: 

1 J.D. Whitney: The Auriferous Gravels of the Sierra Nevada of California. Memoir, etc., vol. 6 
No.1, pt.l, 1879. Same, part 2, 1880. 

2 Leo Lesquereux, Rept. on the Foss. Plants, Aurif. Grav. Deposits, etc. Memoir, vol. 6, No.2, 1878. 
8 8th Ann. Rept. U.S. Geol. Surv., 1889, pt.l, pp. 413, 422. 
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During tho Miocene the northern portion of the Sacramento Valley was 
by an extensive fresh-water lake, which stretched far to the northeastward 
Lassen Strait, that marks the limit between the northern terminus of the Sierras 
the Coast R<.Lnge and is now occupied by the volcanic uplift of Lassen Peak. A 
lar body of water existed northeast of Indian Valley, in the country now occupietl 
the very crest of the Sierras, northwest of Honey Lake, at an elevation of 
7,000 feet. From the fact that the lacustrine deposits on both sides of Lassens 
pass beneath its lavas," it is believed that they are continuous and were all 
down in the same lake, which at that time covered a large portion of what is 
the northern end of the Sierras and extended from the Sacramento valley far 
Oregon. Clarence King 1 has called attention to the wide distribution of 
lacustrine deposits in that region, extending from beyond the Columbia River south, 
through Oregon into Nevada and California, and it may now be added that they 
passed, through the gap separating the north end of the Sierras from the Coast range, 
into the northern portion of the Sacramento Valley. To the large body of fresh 
water in which these sediments were found King gave the name of Pah Ute or Piute 
Lake. The Pinto Lake deposits reach much higher up on the. Sierras than the littoral 
deposits of the Chico epoch: indicating clearly that between the close of the Chico 
epoch and the beginning of the Miocene there was a change in the relative elevation 
of tho Sacramento valley and the Sierra region. ·TJiis change was effected by the 
elevation of at least part of the region of the Coast Range, and apparently also of the 
Cascade Range, so that the oceanic waters were excluded and the formation of 
Piute Lake was rendered possible. That this elevation occurred at the close of the 
Cretaceous is rendered altogether probable by the fact that the Tejon group has not 
yet been recoguiz~d within the Piute Lake region. Perhaps we may yet find in the 
earlier deposits of that lake the fresh-water equivalents of the Tejon group of western 
Oregon and southern California.2 

In this Miocene lake there were deposited, at least within the Lassen 
Peak district, :first, shales and sandstones, and afterwards conglomer
ates. A typical exposure of these beds is found on Little Cow Creek, in 
Shasta County, at an elevation of about 2,900 feet. At one place a :fine 
shaly bed is intercalated between the sandstone, and contains fossil 
leaves, some of which have been identified by Lesquereux and by him 
referred to the Miocene. With these was found Anodonta nuttalliana, 
according to the identification of Dr. R. E. C. Stearns. 

The whole thickness of the JVIiocene here exposed is not less than 
500 feet. Its contact with the Chico beds has not been seen, but the 
relative positions of two at adjacent exposures indicate that they are 
slightly unconformable. 

The prominent ridge between Bear Creek and the south fork of Cow Creek affords 
an unusually interesting exposure of the upper portion of the Miocene. At the 
very base of the hill, in the beds of both streams, Chico fossils have been found, so 
that the hill undoubtedly rests on the Cretaceous. Above the fossiliferous beds is a 
considerable thickness of sandstone capped by a heavy layer of conglomerate, anrl. 
overlying this is usually found a remarkable flow of tufaceous rhyolitic lava. 
The conglomerate at this point shows apparently a greater development than any
where . else within the district. It has been mined for gold, but without marked 
success. * * * 

South of Bear Creek the Miocene is not so extensively developed nor so well ex
posed. 3 

I U.S. Geol. Explor. of the -lOth Parallel, vol.1, 1878, pp. 451-454. 
2 Ann.llept. U.S. Geol. Surv., 1880, pp. 420-421. 
a Ibid., pp. ~4, 415. 
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Similar deposits have been seen in the vicinity of Mountain J\:Ieadows 
and Light Canyon. Near the former, a few fossil leaves have been 
found, and likewise auriferous gravels. 

A short distance north of the road, where it crosses the summit between Light 
Canyon and Susanville, at the head of a stream which ttows into Susan Creek, the 
gravel is cemented into a firm conglomerate. It is about 350 feet thick and dips 
slightly to the eastward. 1 

Some fossil leaves were found here in lenticular. masses of shale im
bedded in the consolidated gravels. Others were found in a clayey 
stratum in the Monte Christo mine, accompanied by a species of fresh
water fish. All these plants have been identified by Leo Lesquereux, 
who states that "by the presence of a large number of La'nrinem the 
flora becomes related in its general characters to that of a region analo
gous in atmospheric circumstances to Florida. With this view Prof. 
Lester F. Ward also fully agrees." 

Within the Lassens Peak districts deposit of Pliocene age have not been defi
nitely distinguished from those of the Miocene, but their presence is rendered alto
gether probable by several considerations. The auriferous gravels were regarded by 
Prof. Whitney as accumulating upon the western slope of the Sierras throughout the 
whole of the Tertiary, reaching their culmination in the Pliocene. This view is very 
probable, indeed, for although the mass of the gravels of the gold belt are Pliocene, 
it appears to be evident that other portions, especially that at Cherokee as well as 
about Mountain Meadows and near the head of Light Canyon, belong to the Miocene. !1 

The tufa of which the Pliocene is composed is often distinctly strat
ified, clearly indicating that its deposition took place in water. 

In the canyon of Mill Creek and also in that of Deer Creek, near the mountains, 
where the tufa has a thickness of nearly 1,000 feet, it is roughly divisible into three 
parts, as indicated in Fig. 17. The upper and lower portions are agglomerate, and 
between them the stratified arrangement of the tufa is clearly discernible. In all 
parts the sediments are essentially the same, being composed largely and perhaps 
chiefly of fragmental material ejected from volcanoes. 

It is apparent that the water body about the northern terminus of the Sierras dur
ing the Pliocene was shallower and more extensive than the Miocene lake, and dif
fered also in the character of its deposits. 3 

The small Pliocene area represented on the map some distance south
west of Honey Lake has recently been described by Mr. Turner before 
the Washington Philosophical Society. 

TheN eocene area represented on Klamath River is supposed by Diller 
to be continuous with that on Pit River, the intermediate development 
being wholly concealed by lava outflows. 

HUMAN REMAINS IN THE AURIFEROUS GR.A. VELS. 

It seems inadvisable to close this sketch of what is known of the 
Californian N eocene without some reference to the presence of the 
remains of man associated in the gravels with the bones of Pliocene 
mammals, fossil leaves, etc., of which a full account to date of publica
tion has been given by vVhitney in his work, already cited. 

•8th .A.nn. Rept. U.S. Geol. Surv., 1889, p. 417. 
'Ibid., p. 422 . 
• Ibid., p. *23. 
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Since the publication of that work other testimony has come to 
which leaves no valid reason to doubt the occurrence in the gravels 
human bones and articles of stone and shell of human handiwork, 
are of course as strong an evidence of man's presence as a 
would be. These remains are found under a basaltic layer covering 
gravels and of which large masses rem~in formiug "table moun . 
protected from erosion by their basal tic capping. The remainder 
the basalt and much other material has been carried away by ero 
leaving these mountains like islands, 1,000 to 2,000 feet above the 
vening valleys. As we have seen in the case of the Clear Lake b 
the eruptive rock is without doubt Pleistocene, and comparatively 
Pleistocene, if the term Pliocene be held to have the same meani11g 
Califoruia that it has hitherto had elsewhere. 

Cope has pointed out that among the vertebrates from these gravels 
(elotheriun") is not Pliocene nor even Upper 1\iiocene, but belongs to 
Eocene or lowest Miocene (White River group), while Mastodon o 
is Upper Miocene.2 So it is obvious that the gravels, even if man be 
left out of the question entirely, contain vertebrate remains belongiugto 
more than one epoch. It has been suggested by Becker that in Cali· 
fornia the Pliocene animals survived after glaciation in the northeastern 
part of the continent had resulted in extermination or migration ami, as 
in the case of Florida? there is nothing inherently improbable in this 
view. But that man was contemporaneous with them is a proposition 
as yet unsupported by direct evidence and a priori improbable. 

The really marvelous thing in the discovery of man in these gravels 
is the unimpeachable evidence of the enormous lapse of time since he 
wandered in the river valleys of Pleistocene California, which is afforded 
by the known fact::;;. This offers us no new idea, for geologists have long 
discussed periods of Pleistocene time which mount up into the tens or 
hundreds of thousands of years. But the vividness of the testimony 
offered by these discoveries lends a reality to the assumption which is 
startling in its emphasis and brings it home to us in a manner which no 
merely mathematical calculations can approach. 

It should not be forgotten that a somewhat similar association of flint 
implements with Pliocene vertebrate remains was discovered in Oregon/ 
though in this case the formation was not sealed from disturbance by 
an impermeable covering of lava such as fixes the authenticity of the 
assembly in the Californian gravels. 

I See George F. Becker, Am. Geologist, April, 1891, vol. 7, p. 258; also Bull. Geol. Soc. Am., l!,ob.1801, 
vol. 2, pp.189-200, ancl Geo. F. Wrip;ht, Atlantic Montl!ly, April, 1891, p. 501. 

2 Am. Naturalist, .Jan nary, 1880, vo1.14, p. 62. 
s Cf. CopP, .Am. Naturalist for 1878, p.125, and for 1880, p. 62. See also, U.S. Geol. SLuv. Torr., Bnll. No. 

4, p. 389, and No. 5, p. 48. 
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The fresh-water Tertiaries of eastern Oregon will be considered in 
chapter vr, where they naturally belong. 

Along the ocean border of this state three detached areas of N eocene 
deposits have thus far been recognized. 

The first, going northward from the California line, appears just north 
of Port Orford/ and is more or less continuous to Cape Blanco.2 It is 
an arenaceous deposit forming a narrow strip, and is said by Newberry 
to resemble closely the shales and sandstones of Astoria referred by 
Conrad to the Miocene. 

The second appears in the vicinity of Coos Bay, 3 eastward, inland 4 
or 5 miles from the ocean.4 Immediately upon the shore fossiliferous 
beds are exposed which, as Dr. White 5 has shown, belong without 
doubt to the Eocene. These dip eastward, presenting their upturned 
edges to the sea, the eastward slope being formed by the superincum
bent :Miocene. 

The third area of N eocene is exposed on the shore, a little tSOuth of 
Yaquina Bay, whence it is more or less continuous northward as far as 
the Columbia River, except where broken by recent lavas. In this sec
tion of the coast Prof. Condon states that no Eocene rocks appear to 
crop out. 

At Tillamook Head Dana 6 has noted the occurrence of an argilla
ceous cliff 900 feet in height. Its lower two-thirds appears dark and 
shaly, while above it is light and chalky. These beds doubtless belong 
to the same geological horizons as the series displayed at Astoria, to 
be described hereafter. It seems that Prof. Condon has obtained an 
Aturia ziczac from Tillamook, indicating the presence there of Eocene 
rocks. 

COLUMBIA IUVER. 

Three distinct formations along the Columbia have been referred by 
Dana to the Tertiary period. 

Astoria shales.-The first consists of clayey or sandy shales of various 
colors and various degrees of consolidation. On weathering they be
come soft and clayey, and so appear along the banks at Astoria. At 
the time of Dana's visit and until a few years ago numerous Eocene 
fossil remains were obtained at the water's edge by collectors in the 
town of Astoria. These came from a single very thin stratum below 
the 1\Iiocene shales. Owing, however, to the fact that the specimens 

1 Pac. R. R. Rep., 1857. vol. 6, pt. ii, p. 59, and Trans. Acad. Sci., St. Louis, 1860, vol.1, p. 120. 
'According to Prof. Thos. Conrlon , 1800. 
•Pac. R. R. Rep., 1857, vol. 6, pt. ii, p. 63, and Trans . .A.cad. Sci., St. Louis, 1860, vol.l, p.122. 
'.A.s verbally described by Prof. Condon, 1800. 
6 U.S. Geol. Survey, Bull, 1880, No. 51, p. 30. 
6 Wilkes's E:xpl. E:xped., Geology, by Dana, p. 653. 
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were contained in calcareous concretions, which, on account of 
scarcity of limestone in this region, have been carefully collected 
burned for lime, while the beach has been built over and entirely 
ered, this bed is no longer accessible, and the supply from this 
bas virtually been cut off. The same expedition al~::~o collected 
fossils from the beds above. Specimens inferior in preservation 
the superincumbent Miocene beds may still be seen in the banks 
Tongue Point at the Bluffs behind the schoolhouse, and at other 
ties about Astoria; yet the gradings, wharfage, buildings, etc., 
concealed to a considerable extent many of these exposures. C 
tions of molluscan remains were made in this region over forty 
ago by both l\Ir. J. K. Townsend 1 and the United States Exploring
pedition, under Captain Wilkes,2 and were turned over to Mr. T. 
Conrad. This authority did not hesitate to pronounce them all 
cene; not because he actually found known species of this age 
them, but because their nearest analogues were from the Miocene 
Virginia and England. 

Aturia bed.-Of late Dr. C. A. White has pointed out 3 the 
similarity between certain Chico-Tejon forms and those figured 
Conrad from the Townsend collection; the :l\fiocene character of 
fossils collected by the 'Vilkes expedition, except the Aturia, is 
called in question. At a later date collections were made by Prot 
Condon from both the Eocene and the :Miocene horizons at Astoria, 
and are still preserved in his collection at the State University and 
properly discriminated. The presence of Atui'ia ziczac and other appar
ently Eocene forms among those obtained at Astoria and referred hy 
Conrad to the Miocene bas led to the suspicion that the whole series 
of beds might really be of Eocene age, 4 but this evidence, for which we 
are indebted to Prof. Condon, explains the discrepancy which has been 
so long a mystery. 

Astoria sandstones.-'fhe second formation along the Columbia con
sists of a series of sandstones which occurs on both- sides of the river 
above Astoria, though best developed on the north or right bank, 
while the Astoria shales:; above described are most prominent on the 
left or south bank. The sandstones are granular, brittle, or friable, 
sometimes very compact and hard, usually of a brownish color. Dana 6 

regards the ~::~andstones as more recent than the shales, a view which 
is strengthened by the fact that fissures in the shales are still filled 
with sand resembling that of which the sandstones are composed. 

I Am. Jour. Sci., 2tl ser., 18!8, vol. 5, pp. 432-i33. 
2 Vvilkes Ex:pl. Expod., Geology by Dana, 18!fl, p. 65!). These were collcctetl at Astoria propL'r, as 

at present nn!lerstood, but the locality of Townsend's fossils is gi nm as "near Astoria." They wer& 
very 11robably from the north bank of the Columbia, opposite Astoria. 

au. S. Geol. Survey, Bull. No. 51, 188:J, p. 31. 
4Conracl himself at a later date inclinetl to this opinion antl r cfcrreu the Astoria bc(ls to the Eocene. 

Proc. Acad. Nat. ~ci., Phila. , for 1865, pp. 70- 71. 
5Named by Prof. Condon, Am. Naturalist, 1880, vol. 14, p. 457. 
s Geol., Expl. Wilkes E~ped., 1849, pp. 553-556. 
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Asto'ria grmtp.-The impression produced on the mind by an inspec
tion of these rocks, 1 though without the opportunity to examine any 
large district with care, was that the shales and sandstones form a part 
of a single series varying in the character of its beds or layers according 
to fluctuations in the sedimentation, the shales being more argillaceous, 
the sandstones more arenaceous, neither possessing an exclusive clmr
acter. the fossils appearing to be the same Miocene species in both. 
with 'a tendency to form concretions around them in the shale and to 
be represented by casts in the sandstones. The name of Astoria group 
is proposed to include them both, but not the subjacent Eocene .A.turia 
bed. 

As Astoria is a classical locality for the geology of this coast, it may 
be well to give a few descriptive notes taken by W. H. Dall on a recent 
visit for the purpose of examining these beds. 

The Aturia bed, as before explained, is no longer accessible, its out
crop having been close to the water's edge under the most elevated 
part of the (anticlinaH) high bluffs behind the town, which is strung 
along on a narrow talus or built out on piles over the river, there being 
hardly any levelland between the bluffs and the water. 

At Smiths Point, west of the town, the shales are very low, the ver
tical face not exceeding 15 feet. They dip about 16° in a southeasterly 
direction, and are composed of thin layers of chiefly bluish gray shale 
with numerous fractures lined with peroxide of iron which develop 
more numerously as the surface dries, while the iron causes the face to 
weather of a brownish color. The layers mostly contain a little sand; 
some do not show any. The fluctuations appear to succeed each other 
with a certain regularity. Here and there a little gravel is mixed in 
one of the layers, and in these gravelly layers are also 1:1mall fragments 
of bivalve shells, the most perfect and numerous being those of a small 
concentrically undulated Pecten of the section Pseudarnusiun~; Acila 
and Waldheimia were also observed. 

In the upper layers of the shale the clayey parts occasionally form 
lines of concretions along a bedding plane, partly fossiliferous. The 
most common fossil here is a species of Macmna. 

Above the shales at this point is a bed of 8 to 20 feet in thickness of a 
yellowish clayey sand with irregular, mostly rounded fragments of a 
harder sandstone, maculated with peroxide of iron with a few traces of 
marine fosRiis, and more or less gravel not regularly bedded, and pen
etratiug into fissures in the shaly rock below in the form of dikes. The 
beach in this vicinity is composed of the pebbles, nodules, and small 
bowlders of the hard sandstone washed out of this layer, and a few vol
canic fragments. Near Tongue Point, at the other end of the town, 2 
miles away, the same beds were recognized, but the gravelly layer 
seemed thicker aud the shale much broken up. The same beds seem to 
compose the bluffs between Tongue and Smiths points, though from 

1 Wm. II. Dall, in ..1\.ugust, 1890. 

Bull. 84--lS 
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the way the town is built they are difficult ·of access. 
their highest point near the high-school building rise perhaps 150 
Here a fine section shows 30 to 40 feet of the shales exposed at an 
of 450 to 6oo, dipping about 26° south southeast, though the dip is 
invariable. The yellowish sandstone gravel overlies the shales 
equal thickness and descends into them in dikes here and there. 
upper margin of the shales is sometimes indistinguishable, the 
and sandy layers merging into one another and being similar in 
It is notable that in the upper part of tbe shales some of the shells 
to have been fossilized in a sandstone, washed out and reim 
the clays. Between the valves, or on one side of a single valve 
a bivalve shell, there will be a soft coarse sandstone, while the fossil 
otherwise entirely imbedded in a dark waxy clay shale. 

Tongue Point itself is a basaltic mass, and on the ridge behind 
town, according to Prof. Condon, there is an extensive layer of 
tocene basalt, fragments of which appear on the beaches. On 
south side of the street from the Union Pacific dock and one block 
a fire had destroyed some buildings and a part of the planking of 
roadway, revealing a fine solid basaltic rock 10 or 12 feet square and 
feet high. The original beach at its base was abundantly strewn 
fragments of the same material. 

These shales and sandstones have much general similarity to those 
California and Alaska of l\Iiocene age. A similar rock exists on the_ 
coast of Vancouver Island, British Columbia. containing some of 
same species which appear at Astoria, specimens of which have 
been received by the geological survey of the Dominion of Canada. 

From a point a few miles south of Oregon City, Clackamas 'VV'LI.uu." 

Shumaru1 has described a Miocene Leda under the name of L. ,.,,.,,,,.,.,IL_ 

The Aturia bed and the ')uperincumbent Miocene of the 
group appear on the north bank of the Columbia in a good many places, 
apparently more elevated than on the Oregon side. 

The third deposit regarded by Dana as Tertiary consists of a basaltic 
conglomerate, which is found on this river high up at the Cascades and 
even beyond. It will be referred to later. 

WILLAMETTE RIVER. 

Both Dana2 and Newberry3 inform us that a sandstone formation ex
tends up the Willamette valley with but slight Interruptions at least as 
far as the Calapooya Mountains. Both note its intrusions of trap, its 
more or less disturbed condition, its apparent want of fossil remains, its 
eroded condition, and its lithological resemblance to the various Ter
tiary sandstones so well developed in California and Oregon. 

In 1885 Dr. C. A. White4 published from information received from 

1 Trani!. St. Louis Acad. Sci., Yol. 1, 1860, p. 121. 
2 \Vilkes Exploring Expecl., Gool. hy Da,na, pp. 651 et seq. 
1 Pacific R. R. Rep., vol. 6, pt. 2., 1857, pp. 58, 59. 
• Bull. U.S. Geol. Survey, No. 18. 
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Prof. Thomas Condon an account of the occurrence of Oardita planicos ta 
at Albany, Oregon, and remarks incidentally that "strata which bear 
characteristic Miocene fossils are found in the valley of the Willamette 
only a few miles away." 

During the summer of 1890 Wm. H. Dall collected at several of these 
Miocene localities, and by the assistance of Prof. Condon has been able 
to note a wider distribution of the Eocene than has heretofore been 
recognized in this State. 

Miocene rocks are well exposed at Smith's quarry, 1 mile east of 
Eugene City, and at Springfield bridge, 2 miles farther east. At the 
former locality the rocks consist of grayish hard sandstone weathering 
to a yellowish color, irregularly bedded above, but massive below, dip
ping about Go southeast, with a total exposure of about 37 feet. The 
fossils-Jl'lytil'lts, Modiola, Mactra, Solen1, Natica, Neverita, P'ltrp'w·a, 
and Liroj'ltsus-are crowded or crushed together along certain lines or 
layers, and are usually in form of molds recrystallized into ~par. 

The second locality, or that near Springfield, affords an excellent ex
posure of nearly a mile in length, extending southward from the abut
ment of the new bridge. The rocks have an easterly dip of from 50 to 
so and form a total perpendicular exposure of about 160 feet; they are 
overlain unconformably by 5 or 10 feet of alluvial matter which lies on 
their eroded edges. In the hilly regions, according to the observations 
of Prof. Condon, they are capped with basalt. 

A basaltic conglomerate has already been referred to as occurring in 
the Cascade Range along the Columbia. In southern Oregon, in the 
"Boundary l~ange," according to Dana,Z this conglomerate graduates 
into Tertiary sandstone containing fossil remains. The latter Dr. 
White has recently referred to the Chico division of his Chico-Tejon 
series.3 

It is stated in the American Naturalist4, from Prof. Condon's manu
script notes, that the backbone of the Coast Range consists of argil
laceous Miocene shale, which contains fish remains and invertebrate 
fossils. These Prof. Condon identifies with the outcrops at Astoria, 
and names the Astoria shales. Above these lie extensive Miocene 
beds, rich in fossils, which Prof. Condon calls " Solen bedl3." On the 
flanks of the highlands there are also Pliocene deposits containing some 
of the fossils of the Equus beds. 

W .A.SHINGTON. 

The little that is known regarding the Neocene geology of this State 
can be most conveniently considered under two heads, viz, (1) geology 

1 It was probably on acc01mt of the presence of this genus in rather unusual abundance that Prof. 
Condon has applied to the chief Miocene fossiliferous bed of the \Villamette Valley the nmue ot 
"Solen bed." It is not improbable that it may be found to constitute one of the series of beds w hic}J 
are above designated as the Astoria sandstones. Their upper surface is always eroded. 

2Wilkes Expl. Expecl., Geol. by Dana, 1849, pp. 646, 653, 
3Bull. U.S. Geol. Survey, No. 51,1889, p. 29. 
'VoL 1,, 1880, p. 457. 
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of the Pacific border and (2) geology of the central basin. 
inferences may be drawn from King's works regarding the 
and probable Neocene age of certain voleanic materials in the 
ranges of this State, yet it is not deemed advisable to indn1ge in 
speculations, and this brief notice will be restricted to what is 
known respecting the sedimentary N eocene deposits. 

PACIFIC BORDER. 

Siliceous casts of molluscan fossils have 
points on Shoalwater Bay,1 which show a synchronism of the 
iu which they are found with both the Eocene and the Miocene 
shales of Astoria. The Aturia bed crops out at Bruceport and 
where. A Pliocene deposit has been observed by Dr. Condon in 
vicinity, which, from its most characteristic fossil, may be cal1ed 
Mytilus bed. It furnished specimens of Buccinurn cyaneurn, · 
condoni,2 Qrepid~tla, Pecten, and Panopma; this is immediately 
by a Pleistocene formation, the level of which is from 30 to 40 feet 
the sea. 

CENTUAL BASIN. 3 

Lignite bcds.-In Dana's geology of the Wilkes Exploring 
clition 4 reference is made to the similarity of structure of the 
valley and the Willamette. A coal deposit is also noted aud an an 
sis of the coal is given.5 Newberry also speaks of the parallelism 
various west coast river basins, and adds that the " lignite" is found 
the mouth of the Uowlitz, implying also that the accompanymg stra 
are sandstone and shale.6 

Farther to the north1 along the Nisquallyand Chehalis rivers, "l>1nffs 
of soft sandstone and crumblir~g clay" were reported by a Mr. Eld to 
Dana while on the Wilkes Exploring Expedition. 7 

The extensive coal and lignitic deposits about Pugct Sound have 
been referred by Newberry 8 and White 9 to a group transitional from 
C~·etaceous to Eocene, or to the Laramie or Puget group (Ohieo'!). 
Still farther to the north, on the Dwamish River, the depot:iits belong 
without doubt to a higher horizon, for none but proper Tejon ssils are 
represented. Mr. Willis,10 by purely stratigraphic study, arrived at the 
same conclusion. 

J Dr. LAidy figm·es in the U.S. Geol. Surv. Terr., "Fossil Vert.," vol. 1, pl. 33, fig. 19, an npper 
molar tooth from the "lignite beds of Shoalwater, ;, which is "undistinguishal.Jle from the correspond· 
ing part of the domestic horse," op. cit., p. 246. 

2 Nan til us, Dec., 1890, vol. 4, pp. 88, 89; notes by Wm. H. Dall. 
3 In addition to the geological facts given under this head, Cope describes Taxidea sulca,/a from the 

Pliocene of Washington Ter., but gives no definite locality. Proc. Am. Phil. Soc., vol. 17, 1877, p. :27. 
4 Op. cit., 1849, pp. 616-621, 626. 
o Ibid., p. 658. 
;; Pac. 1{. 1{. Rep., 1857, vol. 6, pt. 2, p. 57. 
• Op. cit., p. 628. 

' BBull. U.S. Geol. Surv., No. 61, 1889, p. 51, 
9 Ibid., pp. 49 et seq. 
JO Il.Jid., P· 56. 
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Certain deposits in the vicinity of Bellingham Bay were long- ago 
referred by Leo Lesquereux 1 upon paleontological evidence to the 1\fio
cene. In this interpretation both Heer 2 andNewberry 3 concur. They 
may, however, be referable to the Kenai group. 

From a manuscript report of Lieut. W. P. Trowbridge, Blake4 gives 
the following description of the coal beds. 

The coal strata exposed to view on Bellingham Ba.y are situated in latitude 48° 
4~', and occur in a series of stratified rocks, which dip at an angle of 70° from the 
horizon, and strike E. 15° N., the thickness of the series being about 2,000 feet. 
The coal beds enter the bank at right angles to the shore line, and rise with a gradual 
slope to the height of about 350 feet, at the distance of half a mile from the shore, 
where they are broken in a direction oblique to that of the beds, and fall off in 
abrupt ledges to their original level. 

The total thickness of the coal strata . was estimated by Trowbridge 
as being 116 feet. Blake, however, was inclined to suspect that some 
of the beds may have been duplicated by dislocation. 

But few invertebrate fossils have been observed at this locality. 
Blake mentions having seen "two well preserved shells of the genus 
Pecten 5 " in a sandstone block shown him by Lieut. Trowbridge. Dall 
was informed that an Aturia ziczac had been collected here, though the 
specimen was not accessible. Both the Aturia bed of the Eocene and 
the :Miocene shales will probably be found represented at Bellingham 
Bay as at Astoria. 

P.uget gro~tp.-During the progress of the Northwest boundary sur
veys (1858-1862) various naturalists and geologists visited the Puget 
Sound region. Among them was Dr. Hector, who reported to Col. 
Palliser on the geology.6 l\fr. Richardson, Dr. Dawson, and others 
have visited this region for geological researches, and from the sum 
total of available information, published or otherwise, the latter has 
prepared a geological map including, in addition to the geology of the 
British Columbian region just north of the State, a considerable part 
of Washington. On this map, issued by the Dominion Geological Sur
vey in 1884, 1e marine Miocene is represented as forming a border 
along the ocean coast, the shore of Fuca Strait, and the western half of 
Pnget Sound, inclosing the mass of the Olympic l\Iouutains and the 
coast ranges north of the Columbia. The shores of Puget Sound east
ward as far as the bight on which Tacoma is situated, and at the North 
Whidbey Island and the shore east and southeast from it, and hence 
northward to Bellingham Bay, Birch Bay, and the international boun
dary, are i?-clicated as marine Miocene on this map. This may, perhaps, 
be regarded as covering all post-Cretaceous strata in an approximate 
way, for it is certain that within the area thus broadly indicated a 

l.A.m . .Tour. Sci., vol. 27, 185!J,pp. 359 et seq. 
2Jbid., vol. 28, 1859, pp. 85 et seq. 
s Boston .Tour. Nat. Hist., 1860, vol. 7, pt. 2, p. 509. 
4 Pac. R. R. Hep. 1856, vol. 5, pt. 2, p. 285. 
6 Ibid., p. 287. 
'Proc. Geol. Society, in Quart . .Tour. Geol. Soc., vol.17, pp. 388-445, and plate xiii. See page 435. 
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considerable part must be referred to post-glaeial deposits, while 
presenee of Eoeene roc.ks has already been indieated. 

It may be added that on the map referred to nearly the whole 
eastern Washington, including the Cascade Mountains and the 
region east of them and south from the Wenatchee, Columbia, 
Spokane rivers, is represented as occupied by volcanic rocks of · 
age. The determination of the age of these beds can not be said, 
ever, to be conclusive, in view of what is known of the very 
origin of analagous eruptives in California, but at present we are 
in a position to discuss the question on account of the paucity of 
'nformation. 

BRITISH COL UMBI.A.. 

1\TEOCENE OF THE COAST. 

But little relating to the Neocene on the coast 
has been put on record. .As previously stated, a clayey sandstone 
with fossils of the Astoria group has been collected on the west 
of Vancouver Island. Doubtless the same rocks occur at various points 
along the coast of British Columbia and the adjacent islands, though 
the glaeiation and violent changes of level to which this ·region has 
been subjected in Pleistoeene time have probably resulted in the ero
sion and disappearance of most of the softer N eo zoic beds which were 
deposited along its shores. 

One locality of marine Miocene beds is that near Sooke, on the west 
coast of Vancouver Island, in about west longitude 124o from Green
wich. The area is small. .A larger area appears in the northern part 
of the Queen Charlotte Islands, forming that part of Graham Island 
east of Masset Inlet and north of Skidegate Inlet. West of this Graham 
Island. is largely composed of volcanic rocks, which on the geolog~al 
map of the Geological Survey of the Dominion of Cauada1 are eolored 
as belonging to the Miocene, and which overlie sandstones or shales and 
hard clays with lignites. .At a single locality near the north end of 
Graham Island beds with numerous marine fossils occur. 

These, in so far as they admit of specific determination, represent shells found in the 
later Tertiary deposits of California, some of which are still living on the northwest 
coast; and the assemblage it:! not such as to indicate any marked difference of 
climate from that now obtaining. * * * The Tertiary rocks of the coast are not 
anywhere much disturbed or altered. The relative level of sea and land must have 
been nearly as at present when they were formed, and it is probable that they were 
originally spread much more widely, the preservation of such an area as that of 
Graham Island being due to the protective capping of volcanic rocks. The beds be
long evidently to the more recent Tertiary, and though the paleontological evidence 
is scanty, it appears probable from this and by comparison with the other parts of 
the west coast that they should be called Miocene. 2 

I Descriptive sketch of the Physical Geography and Geology of the Dominion of Canada, by A.. R. C. 
Selwyn, director, and G. M. Dawson, Dr. Sci., associate. Montreal, Dawson Bros., 1884. 55 pp., 8•, and 
large map in two sl1eets geologically colored. See Part II, by Dr. G. M. Dawson, p:p. 52-55. 

2 Dawson, op. cit., 1884, p. 53. 
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Tertiary rocks also occupy a considerable area about the mouth of 
the Fraser River, extendi11g northward from the 49th parallel, forming 
the boundary to Burrard Inlet, where thin layers of lignite occur, but 
in seams too thin to have much value. Fossil plants from Burrard In
let are described 1 by New berry and Lesquereux in connection with those 
from Bellingham Bay, Washington, and are supposed to indicate a 
Miocene age for the beds. 

NEOCENE OF THE REGION EAST FROM THE COAST RANGES. 

East from the Coast ranges Tertiary rocks, according to Dawson, 2 

are very extensively developed. They have not, however, yielded any 
marine fossils and 

They appear to have been formed in an extensive lake or series of lakes which may 
at one time have submerged nearly the entire area of the region known as the in
terior plateau. The Tertiary lake or lakes may not improbably have been produced 
by the interruption of the drainage of the region by a renewed elevation of the coast 
mountains proceeding in advance of the power of the rivers of the periou to lower 
their beds; the movement culminating in a profound disturbance leading to a very 
extensive volcanic action. The lower beds are sandstones, clays, and shales generally 
pale grayish or yellowish in color, except when darkened by carbonaceous matter. 
They frequently hold lignite, coal, and in some even true bitmujnous coal occurs. 
These sedimentary bods rest generally on a very irregular surface, anu consequently 
vary much in thickness and character in different parts of the extensive area over 
which they occur. The lignites appear in some places to rest on true "underclays," 
representing the soil on which the vegetation producing them has grown, while in 
others, as at Quesnel, they seem to be composed of driftwood, and show much clay 
and sand inter laminated ~ith the coaly matter. 

In the northern p01·tion of the interior the upper volcanic part of the Tertiary covers 
great areas, and is usually in beds nearly horizontal, or at least not extensively or 
sharply folded. Basalts, dolerites, and allied rocks of modern aspect occur in sheets, 
broken only here and there by valleys of denudation; and acidic r~cks are seldom 
met with except in the immediate vicinity of the ancient volcanic vents. On the 
lower Nechacco, and on the Parsnip River, the lower seclimemtary rocks appear to 
be somewhat extensively developed without the overl~ing volcanic materials. The 
southern part of the interior plateau is more irregular and mountainous. The Tertiary 
rocks here c er less extensive areas, and are much more disturbed, and sometimes 
over wide districts, as on the Nicola, are found dipping at an average angle of about 
30 degrees. The volcanic materials are occasionally of great thickness, and the little 
disturbed basalts of the north are, for the most part, replaced by agglomerates and 
tufas, with trachytes, porphyrites, and other feldspathic rocks. It may, indeeu, be 
questioneu whether the character of these rocks does not indicate that they are of 

J Geol. Survey Dom. Canada, Rep. of Progress, 1876-'77, p. 190. 
2 These beds are obviously to be referred to the Kenai group, since they contain essentially the same 

fl.ora. Li1nncea, Phvsa, and Sphcerium have also been noticed at Vermilion Cliff. Localities for the 
occurrence of plant beds and lignites of the Kenai group in the southern part of British Columbia may 
be mentioned as follows: The vicinity of Okanagan Lake; the Coal Brook Indian reserve on the north 
Thompson River (p. 113); Kamloops Lake (p. 114); Vermilion Cliff 3 miles up the north fork of the 
Similkameen River (p. 130), and also the south fork (p. 132); on Ninemile Creek and Hat Creek (p. 
121); 20 miles north of Osoyoos Lake, where 3,000 feet of s_aiLdstones and shales have been ol.l
served (p.129); on Tenmile Creek coal is noted (p. 126), and also ·near the junction of Nicola and Cold
water rivers (p. 122); on the Fraser near Lillooet, and on the upper part of Kettle River (p. 160). Daw
son also notes the complete absence of marine Eocene beus (p. 167). 

See Dominion Geological Survey, Report of Progress for 1877-1878, Montreal, Canada, 1879; pp.1-188B, 
by Geo. M. Dawson (to which above page references refer) , including a list of Tertiary plants from 
various British Columbian localities, by J.lw. Dawson, LL. D., op cit. pp. 186-188B. 
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earlier date than those to the north, hut, as no direct paleontologie}ll evidenrc of 
has been obtaineu, it is presumed that tbeir. dHfercnt composition aml appearance 
due to uulike conditions of deposition all(l greater subsequent disturbance. 

No volcanic rocks or lava flows of post-Glacial age have (1884) been met 
though I believe that still farther to the northwest the rocks are of yet more 
origin than any of these here described, and I have even heard a tradition 
Indians of the Nasse River which relates that at some time very remote in 
history an eruption covering a wide tract of country with lavas was witnessed. 

The organic remains so far obtained from these Tertiary rocks of the interior 
sist of plants, insects, and a few fresh-water mollusks and fish-scales, the last 
the only indication of the vertebrate fauna of the period. The plants have 
collcctecl at a number of localities. They have been subjected to a preliminary 
amiuation by Principal Dawson and several lists of species published. While 
are certainly Tertiary and represent a temperate flora like .that elsewhere attrilm 
to the Miocene, they do not afford a very definite criterion of age, being derivecl from 
places which must have differed much in their physical surroundings at the time of 
the der>osition of the beds. 

Insect remains have been obtained in four localities. They have been examined 
by Mr. S. H. Scudder, who has contributed three papers on them in the Geological 
Reports, in which he describes forty species, all of which are considered new. None 
of the insects have been found to occur in more than a single locality, which causes 
Mr. Scnduer to observe that the deposits from which they came may either difl'er con
siderably in age, or, with the fa,ct that duplicates have seldom been found even in the 
same locality, evidence the existence of different surroundings and an exceedingly 
rich insect fauna. 

Though the interior plateau may at one time have been pretty uniformly covered 
with Tertiary rocks, it is evident that some regions have never been overspread by 
them, while, owing to denudation, they have since been almost altogetheT removed 
from other districts, and the modern river valleys often cut completely through them 
to the older rocks. The outlines of the Tertiary areas are, therefore, now irregular 
and complicated. 1 

ALASKA. 

As might be expected, the geology of this territory is most imper
fectly known, 2 but the little which has been recorded leads to the infer
ence that to a great extent ths operations of mountain-building forces 
an<l the deposition of sediments along the coast of Alaska, south of and 
inclu<ling the peninsula, were carried on in a similar and probably gen
erally synchronous manner from J\Iexico to Beriug Sea. 

So far we have not been able to find any record of the discovery of 
marine fossils belonging to the Eocene in Alaska, ttwugh of the Mio
cene marine and leaf-bearing beds with lignitic coal, etc., there are 
abun<lant instances. 

GENERAL NOTES ON THE ROCKS. 

In general, along the southeastern coast of Alaska, the sequence of 
the rocks where undisturbed appears to be about as follows in descend
ing order: 

1. Soil and Pleistocene beds. 

I For additional information on the Tertiary rocks of tho interior see Reports of Progress, Dominion 
Geol. Survey for 1871-'72, p. 56; for 1875-'76, pp. 70 and 225; fot 1876-'77, pp. 75 and 112B; Dawson, 
op. cit., pp. 53-55. 

2 Geological notes in this section, except whore otherwise stated, are from the UDlluulished observa· 
tions of W. H. Dall. -
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2. Hrow11 l\lioccnc sandstones with marine shells, cetacean bones and 
water-worn Teredo-bored fossil wood (Astoria group, Nulato sand
stone~, Orepidula bed). 
· 3. Beds of conglomerate, brown and iron-stained, alternating with 

gravelly and sandy layers, the finer beds containing fossil leaves of 
Sequoia and other vegetable remains (Kenai group, Unga beds). 

4. Bluish sandy slates and shales with a rich Miocene plant :flora, in
terstratiiied with beds of indurated gravel, fossil wood, and lignitic coal 
(Kenai group). 

5. :Th:Ietamorphic quartzites and slaty rocks, illustrating the geological 
series proba hly from the J urasaic to the upper Cretaceous, with per
haps part of the lower Eocene (Chico-Tejon). 

6. Granite and syenite in massive beds, usually without mica and 
apparently in most instances forming the " backbone" of the mountain 
riuges or islands, but occasionally occurring as intrusive masses, which 
have thrust up the metamorphic rocks above them into arches, cracking 
them and filling the fissures with the syenitic material (Shumagin 
granite). 

Intrusive granites.-Through all the Tertiary beds in various parts of 
the tenitory are found penetrating volcanic dikes and larger out:fiows, 
sometimes injected between sedimentary strata and sometimes over
:fiowing them, much as in California, Oregon, and elsewhya.·e in western 
America. The later eruptions, mostly Pliocene and Pleistocene, are 
generally of a basaltic character.1 

The occurrence of intrusive syenite later than the metamorphic rock~ 
and penetrating fissures in them is well exhibited at an arch of meta
morphic rock near the beach at Granite Point, on the south side of the 
entrance to Sanborn harbor, Nagai Island, in the Shumagin group, 
where it was noted by the writer while surveying the harbor in 1872. 
Inst<ctnces of the occurrence of the syenite as a massive body forming 
the fundamental rock are offered in many places, as the Diomedes 
lshmds,Bering Strait, and most of the mountain masses of the Siberian 
side of the same strait; the central ridge of the island of U nalaslm; 
t11e i~lands and hills of the easternShumagins, as Little Koniushi IRland, 
and of Port Altlwrp, Cross Sound, in the Alexander Archipelago. 

The age of the intrusive granites is yet undetermined, but in the caRe 
of the mass forming the celebrated Treadwell mine of Douglas Island, 
.near Juneau, Alaska, which is of this character, Dr. Dawson refers the 
slaty rocks through which it has broken to the Vancouver series of 
Triassic rocks,2 and the Shumagin quartzites may belo11g to the same 
group. At all events it is hardly likely to be Tertiary, and in this con
nection need not he considered further. 

Early obsm·va,tions on .Alaskan geology.-The Neozoic strata of south
ern Alaska were first noticed by Portlock and Dixon who, on their 

•see Dall, Note on .Alaska Tertiary De}Josits, .Am. Jom:. Sci., 3<1 sor., July, 1882, vol. 24, pp. G7, GS. 
2Notes on tho oro Jeposit of the '.rreaJwell mine, Alaska, Am. Geologist, August, 1889, pp. 84-93, 
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voyage to the northwest coast of .America in 1785, entered English Bay 
or Port Graham, Cooks Inlet, and named it Coal Bay, from the lignitic 
beds exposed in its shores. In the following year the marine Miocene 
was observed by the Laturalists of La Perouse's party, who collected in 
Lituya Bay at the height of 200 toises above the sea specimens of one 
of the large Miocene pectens. 1 The first general summary of existing 
knowledge of geology and geognosy of this region is comprised in the 
work of Grewingk,2 who enumerates the localities for the Tertiary 
rocks among others and illustrates and enumerates many of the fos
sils. The paleobotany of the region was subsequently treated of by 
Goppert 3 and Heer.4 Later, Eichwald 5 reviewed the subject and intro
duced a certain amount of confusion into the paleontological side of 
the question by referring to the Cretaceous (Turonian) all the marine 
Tertiary fossils described by Grewingk, many of which belonged to 
Miocene beds, but which Eichwald appears to have regarded as of the 
same age as the Tejon beds of California, which, following Gabb, in the 
Paleontology of California, he referred with the Chico to the Mesozoic 
eyoo~ . 

MIOCENE OF THE KENAI GROUP. 

The coal-bearing Miocene beds best exhibited on the shores of Kach
ekmak Bay, Kenai Peninsula, Cooks Inlet, but widely spread in Brit
ish Columbia and over the coast of Alaska and its adjacent islands, are 
regarded by Heer as the equivalent of the .Atane leaf beds of Greenland, 
the Spitzbergen Miocene plant beds, the Braunkohl of east Prussia and 
the lower Rhine provinces, and the lower Molasse of Switzerland. 

The Unga conglomerate.-On the island of Unga, Shumagin group, 
Alaska, they are conformably overlain by the brown conglomerates 
with Sequoia which are obviously younger and the result of a somewhat 
different series of conditions; though the sedimentation appears to 
have been measurably continuous. To these last I would give the 
name of the Unga conglomerate; but since in the present imperfect state 
of our knowledge we ~.re unable to specify the exact horizon of most of 
the leaf beds reported by various observers, the whole series will be 
treated here under one head. The coal beds of southern Alaska and of 
the Yukon Valley, so far as identified, all belong to the interbedded lig
nites of the Kenai series, yet it is quite probable that some older beds 
are included in the list. In the case of the coal of Kake Strait, .Admi-

J Cf. voy. La Perouse, vol.1, p. 395. 
2 Beitrag zur Kenntniss der orographischen und geognostischen Beschaffenheit der nord west Kiiste 

Amerikas; Verh. Min. Ges. zu St. Petersburg fiir 1S4S-'49, 351 pp., S0 • Separately issued by KarlKray, 
St. Petersburg, 1S50. 

a Abh. Schles. Ges. ftir Vaterl. Kultur., 1S61, 2, p. 201, and 1S67, p. 50. 
4 Flora fossilis Alaskana, Kongl. Svenska Vetensk. Akad. Handl. .Bd. S, No. 4, Stockholm, 1S69, 4, 

pp.41, 10 pl. 
6 Geogn. Pal. Bemerkungen iiber die Halbinsel Mangischlak und die Aleutischen Inseln, St. Peters· 

burg, Kais. Akad. Wiss., 1S71, S0 , pp. 200, pl. xx; cf. pp. SS-137. 
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ralty island, there appear, according to Newberry1 to be several species 
identical with those of Kenai. 

The most southern points which have been noted by us for the occur
rences of these sandstones depend for their location on the reports of 
prospectors and on specimens observed in the mineralogical collection 
of the Russian-American Company at Sitka in 1865, a duplicate of which 
is included in the Imperial Zoological Museum of St. Petersburg. The 
Sitka collection was scattered in 1868. 

Localities noted are as follows: The eastern arm of Whale Bay, Bar
anofl' Island, the west shore of Kuiu Island in about the same latitude, 
the northern shore of the Lindenberg Peninsula, Kupreanoff Island, 
the mainland opposite the last mentioned locality, St. Johns Bay, on 
Baran off Island north of Sitka, the southeastern extreme of Chichagoff 
Island on Chatham Strait, Kake Strait, Admiralty Island, and the shores 
of the northern part of Seymour Canal, Admiralty Island. These com
prise the localities in the Alexander Archipelago. The Russian gov
ernor, Furubjelm, upon whose collection in the main Heer's descriptions 
are based, visited a locality near Sitl{a, perhaps the one above men
tioned at St. J obns Bay, 2 one on Kake Strait, and a third on Kuin 
Island. Of the latter a description and section are given from Furuh-

/ jelm's notes by Heer. · 
Beds of J[uiu Island.-The outcrop is between tide marks and con

sists of a sandstone with remains of a Hazel ( Gorylus McQuarrii), dip
ping inland about 25° or 30°, which contain thin layers of blackish gray 
shale in pairs, inclosing in each pair a layer, varying from 6 inches to 
7! feet in thickness, of brown coal or lignite. The shale contains plants, 
especially conifers. Abave these and rising above high-water mark is 
a coarse grained sandstone overlain by a coarse conglomerate covered 
by about 15 feet of humus and turf. The whole section includes a belt 
of somewhat more than 200 feet wide, on the eroded surface of which 
are strewn numerous erratic blocks of granite. The section bas a good 
deal of resemblance to that exposed at Coal Bay, Unga Island, at least 
in the succession of the plant beds, coal and conglomerate. 

The shales from this locality afforded Sequoia langsdorjii, and species 
of Glyptostrobus, Pteris, and Castanea. The coal contained 16 per cent 
of water, about 3 per cent of ash, about 35 per cent of volatile, and 45 
per cent of fixed carbonaceous matter, according to Genth. 3 The oc
currence of lignite near Sitka is also noted by Erman 4 without precise 
identification of locality. 

Beds of Lit'uya Bay.-North of the Alexander Archipelago, Cenezoic 

I Brief descriptions of fossil plants, chiefly Tertiary, from western North America, by Dr . .J. S. 
Newberry, :Proc. U.S. Nat. Mus. vol. 5, pp. 502-514; :February, 1883. The author describes five species 
from Cooks Inlet, two from Admiralty Island, Seymour Canal and one from Kake Strait, near Kootz
nahoo, Alaska. 

2 St<e report on the Geology of Alaska, House Ex. Doc. 177, Fortieth Congress, second session, Feb
ruary, 1868, pp. 3H-325, by Theodore A. Blake. 

a K. K. Geol. Reichsanstalt, Wien, 1868, p. 397; Heer, op. cit., p. '· 
4 Reise um die Erde, 3, p. 213. 
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strata arc first reported from Lituya Bay, where they were obRerved, 
and a fossil Pecten collected at a height of 200 toises by the naturalists 
of La Perouse's party. In May, 187 4, while making a reconnaissance 
of the bay, W. H. Dall landed on Cenotaph Island, which appeared to 
be ehiefly compoHed of the ordinary marine Miocene sandstones, rather 
soft, but not at this point fossiliferous. This island lies directly in tlte 
trough of this extraordinary bay, and is remarkable in that it shows no 
evidences either by erosion or in the presence of erratics, of having been 
glaciated, which, if the bay had ever been filled with ice, must have 
happened. It would seem as if only a very small amount of erosion 
would have been Bufficieut to remove the whole of the relatively soft 
material of which this small and rather high islet is composed. The 
mass of the material on the beaches and brought down by the ice from 
the numerous enormous glaciers which discharge into the bay, appears 
to be schistose, or syenitic, the comparatively narrow strip of relatively 
I ow land and foot hills, in front of the main range parallel with the coast, 
probably containing aU the Cenozoic beds remaining there. On the main 
shores of Lituya Bay the basal rocks appeared to be massive syenite or 
granite overlain by stratified mica slates above which was clay slate 
with very obscure traces of fossils, and lastly coarse sandstone and con
glomerate probably of Miocene age, but from which no fossils were col
lected. The stratified rocks seem conformable with one another and 
dip to the northwest at angles of from 15o to 750, Their surfaces 
showed no traces of glaciation, though these, if ever present, might 
have been weathered away. 

Port Graham l'ignite beds.-Passing over temporarily the newer forma. 
tions observed in the vicinity of Yakutat Bay by Israel C. Russell (1890) 
and at Middleton Island by Dall (1874), the next locality in geographi
cal order where the J\fiocene plant beds have been explored, is on the 
eastern shore of Cook's Inlet, forming the western border of the Kenai 
Peninsula. Here at Port Graham or English Bay, fi.rst visited by Port
lock and Dixon in 1785, lignitic beds have long been known to exist, 
and for a time the coal was mined by the Russian American Compa,ny 
for use in their steamers. The beds at this locality are on the north 
side of the harbor, just within the entrance. HereFuruhjelm collected 
a large number of plant remains which formed the chief basis of Hem·'s' 
report.1 These beds lie unconformably in depressions in felsitic rock 
and greenstone, nearly horizontally as follows: 

1. Humus and turf. 
2. Sandstone with pebbles. 
3. Bluish sandy clay with pebbles. 
4. Plastic clay. 
5. Gray, fine grained sandstone, 5 to 7 inches thick. 
6. Lignite, 9 to 11 feet thick. 
7. Laminated clay shale, partly bituminous. 
8. Light gray, rather soft limestone, with few plants. 

1 Flora fossilis Alaskana, cf. ante. 



DALJ, ANDt 
HARRIS. 5 PORT GRAHAl\f-KACHEKMAK BAY. 

9. Laminated clay. 
10. Hard limestone, with many plant impressions. 
11. Brecciated porphyry and greenstone in limy matrix. 
12. Felsite and greenstone base. 
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The coal is black and brilliant, with conchoidal fracture, resembling 
that of Disco in Greenland. It contains occasional grains of honey
yellow amber rarely more than a centimeter in diameter. 

The plants are all terrestrial or fresh-water species. One of the most 
common is a species of Trapa represented by many of its fruit. With 
them were found Unio (Margwritana) onariotis Mayer, a species proba
bly related to Margaritana margaritifera L.; Ammicola abav,ia Mayer; 
and JJfelania ( Goniobasis ?) furulljelmi Mayer, together with elytra 
of a beetle described by Heer under the name of Ohrysomelites alas
Jcan~ts. Among tbe plants are both coniferoo and broad-leaved trees, 
the total rJumber of species amounting to forty-four. The deposit ap
pears to have been formed at the bottom of a lake. The leaf-bearing 
strata crop out below the level of the sea and are accessible only at 
extn ... me low water. ~rhey dip slightly to the northward. 

Kachekrnak Bay lignites.-Northward from Port Graham is the en
trance to a large inlet, Kachekmak Bay, on the southern side of which 
f()nr glaciers extend nearly to the sea level. The rocks on tllis side of 
the inlet, as observed by Dall in 1880, are schistose or crystalline, but 
the northern shore is of a different character. It is formed by the bold 
edge of a plateau which, in latitude 59° 42'; rises to about 1,800 feet at 
a distance of 2 miles from the shore . . At the shore near Coal Point (a 
low, sandy spit behind which an anchorage may be had), the bluffs 
rise abruptly about 200 feet. The line of bluffs extends north and east 
for some 30 miles and the Miocene plant beds crop out at many points. 
In some places the bluffs come down to the beach; in others there is a 
small talus between them and the water which is extremely shallow for 
some distance out. The lignite beds dip slightlY. to the northward 
and are intercalated between sandstones and shales with fossil plants 
remains, and conglomerates or coarser sandstones above. The largest 
sram of coal which was observed near Coal Point was about 7 feet 
thick, with a few thin streaks of shale in it. It is bright, clean to 
handle, light, and tends to break up in cubical fragments when dried. 
It resembles anthracite in appearance, but not in weight. Farther up 
the bay better outcrops were reported, and the coal was pronounced 
gooil by the engineers of Sir Thomas Hesketh's yacht, Lancashi're 
Witch, who used it for steaming purposes in 1880, and also fm~nd it 
to burn well in an open grate in the cabin. 

From this locality most of the plants described from Port Graham 
by Heer were identified from Dall's collection by Le::;quereux1 and also 
nine others, making fifty-three species. 

1 Contributions to the Miocene Flom of .Alaska, by Leo Lcsquereu •• Proc. V. S. Nat. fus., 1882, 
vol. 5, pp. 443-449, pl. vi-x. 
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Other Kenai beds.-If the indications of W ossnessenski (in Grewin 
are correct there would seem to be a succession of about four 
folds from Port Graham to Cape Kassilofl', a distance in a northerly 
direction of some 35 miles. The plateau previously referred to, repre
senting the western flank of the Kenai Peninsula, is thus composed 
chiefly of the marine sandstones, shales, and conglomerates, which make 
up the Kenai group. The lignite beds crop out at many places along 
the western shore of this area. At Anchor Cape (Kasnatchin) the 

· northern head of Kachekmak (or, as it is sometimes called, Chugachik) 
Bay the coal is under water, but rises northward with the flexure of 
the strata. At Anchor Cape Furuhjelm obtained fossil teredo-bored 
bituminous wood. At Cape N enilchik, near a small native settlement, 
the lignite beds are about 35 feet above the sea, and at one place burned 
for many years. From this locaUty also many fossil plants have been 
obtained. The leaves occur in a soft, pale gray clay slate, which can 
be cut with the knife, but which, where burned, becomes hard and red. 
Still farther north on the same shore, at Fort Kenai, Capt. Howard, of 
the revenue marine, obtained several fossil plants which have been de
scribed by Newberry.1 Five of these were new, which raises the num
ber of species actually obtained on the Kenai Peninsula to fifty-eight. 

At Cape Staritchko:ff two parallel beds of coal are visible for a long 
distance. The lower one is about 112 feet above the beach and is sep
arated by 9 to 12 feet of sand and clay from the upper coal bed, above 
which the bluff rises 40 to 70 feet higher. At Cape N enilchik the upper 
bed covers about 18 feet of fine yellow sand and is separated from the 
lower bed by about 20 feet of sand and clay. At this locality an .Ano
don (A. ctthlios :Mayer) was found in making Furuhjelm's collection. 

Deferring for the present any discussion in regard to their geological 
age, the other localities for the occurrence of this flora may be referred 
to. The Kenai beds, fi'om the number of their contained species and 
their excellent illustration by Heer, will always be regarded as typical 
for the group. 

Beds of Alaska Peninsula and Kadiak Island.-Along the shores of 
Alaska Peninsula~ west and south from Cook's Inlet, lignite be<ls, doubt
less associated with plant impressions, are not uncommon, but the ex
ploration of this shore has been very imperfect. On the main shore 
behind Takli Island (north latitude 58° 05') is a good anchorage accord
ing to the Russians, and here they report " good coal and plenty of it," 
·which would indicate the existence of the lignitic beds at this place. 

On the island of Kadiak marine .Miocene strata are found, and among 
the specimens brought back by Wossnessenski were clay ironstones 
containing plant remains referable to the Kenai group. These stones 
were used by the native women for reddening the inner surface of dressed 
skins, and the only indication of locality for them is that they came 
from the northern part of the island. About the middle of the island, 

1 Proc. U.S. Nat. Mus. vol. 5, pp. 502--5U, 1882. 
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surrounding U gak Bay, at the old settlement of Orlovsk, and on the 
northern shore of Miliuda Bay next southward, and on the opposite 
side of the island, part of the shores of U ganuk Bay and of U ganuk 
Island in the bay, sandstones with lignite in thin seams, overlain in 
places by marine sandstones like those of U nga, are reported on the 
authority of Kharitonoff and other Russians familiar with the island. 

On the south shore of the peninsula, in west longitude 157o 10', is a 
small bay called Yantarnie, near which, in the lignite-bearing beds, am
ber was found and traded by the natives of the peninsula with the 
Kadiak Eskimo. It may not be inappropriate to state here that in 
times preceding the Russian conquest amber was regarded of great 
value by t1te natives of this region, a very small bead of this substance 
being worth in native estimation forty or fifty sea-otter skins, equiva
lent at present values to some $10,000 of our money. Consequently 
the localities where it might be found were places of great interest to 
the aborigines, and the traditions still current are often useful in iden
tifying the presence of beds of this age. A few of these beads are 
still extant. The largest known is in the possession of W. H. Dall. It 
was obtained from a grave on the island of Kadiak, traditionally re
garded as that of a celebrated prehistoric chief of the tribe. It is 
about 2 inches long, ovate, roughly three-sided, and an inch in diame
ter. It has been bored for the passage of a suspensory thread, but 
otherwise is apparently in its original state. It is clear and of a rich 
wine color, resembling Levantine amber. The surface, though slightly 
irregular, is polished. Small grains of the same color, but too small 
for use as ornaments, are not rare in the lignite beds of this region. 

On the south side of Chignik Bay, a little to the westward of the 
southwestern headland, is a small anchorage surveyed by Dall in 187 4, 
situated in about latitude 56° 20' and west longitude 1580 24'. Here 
an outcrop of sandstone belonging to the Kenai group was observed, 
from which a number of fossil plants were collected. The bluffs here 
are about 500 feet high, consisting of a series of sandstone, slates, and 
conglomerates, with thin leaves of lignite, the whole nearly hocizontal 
and extending several miles to Tuliumnit Point. From the specimens 
obtained six species of plants were identified by Lesquereux.I 

A short distance southwestward (west longitude 1590) the leaf and 
lignite beds crop out again on the south shore of the peninsula at Coal 
Cape. Southwest of this cape lies the small group of Chiachi Islands, 
surveyed by Dall in 1874. Here the bedrock is syenite unconformably 
overlain in places by sandstones and conglomerates, the latter some
times of water-worn material and sometimes of sharp gravel, with vege
table remains. The sandstones are often altered by outbreaks of red
dish lava in large masses, and all the rocks at this locality appear much 
contorted and metamorphosed. 

l !'roc. U.S. Nat. Mus., 1882, vol. 5, pp. 44:Hl49, 
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Still farther west (west longitude 160° 35') the south coast of 
peninsula is indented by Portage Bay, at the head of which a 
stream comes in and a low divide affords a portage to Herendeen B 
branch of Port lVIoller, which indents the shore of the peninsula 
Bering Sea on the north. West of Portage Bay other inlets enter 
the south in the following order, namely, Beaver and Otter bays, 
nay, and Pavloff Bay, the latter connected by a very low divide with 
head of Herendeen Bay, and thus indirectly with Port Moller. 
vicinity in which these bays are found is of extreme geologic· 
From Port l\1ollerseveral active volcanoesareinview, among the 
flanks of which may be seen a number of glaciers. Hot springs 
into the bay from a small peninsula, on which are extensive shell 
indicating prehistoric occupation of the locality by a population of 
magnitude. Near the head of the bay Mesozoic fossiliferous strata 
down to the beach. On the east are Tertiary sandstones belonging 
ably to the Kenai group. Fragments of lignite and bituminous shale 
not rare on the beach. At the head of Portage Bay, a few miles 
lignite beds are reported by Veniaminoff, and, as the name indi 
they also exist at Coal Bay.1 On the portage between Pavloff Bay 
Herendeen Bay extensive beds of coal (one report says 4 feet of 
coal) are reported, and offer such advantages that a corporation in 
Francisco is actually building the :first railway in Alaska to transport 
product of the mine they have opened to the nearest point where 
sels can receive it. These beds are said to be cut by volcanic dikes in 
such a way as to form out of the lignite a natural coke, which promises 
to have commercial importance. The Pavlo:ff volcano is a high peak 
emitting smoke and occasional flames, and is situated on the west side 
of the bay. From the vicinity of the mountain Wossnessenski obtained 
" good stone coal" according to Grewingk ( op. cit., p. 57), and this is also 
one of the localities reported to afford amber. When visited in 1874 by 
the Coast Survey parties, the shores of Port Moller were inhabited by 
large numbers of brown bear and reindeer, the rivers were alive with 
salmoR, and hundreds of walrus sunned themselves on the sand bars 
near the sea. It will be seen that for the naturalist and geologist it 
would be bard to :find a place combining more interesting features. 

Ungct and Pop?/f Island bcds.-South of Portage Bay, across Unga 
Strait, lies the island of Unga, the principal island of the large Shumagin 
group, which extends some 50 miles to the south and east, and is noted 
for its cod and sea-otter :fisheries. The eastern ,islands are granitie; 
those in the middle of the group largely composed of metamorphic 
quartzites and schistose rocks. On the island of Unga a11d the adja
cent Popoff Island, Tertiary beds are well exposed. 

The principal exposure of the plant beds on the ishtnd of Unga is on 
the western shore of Zacharotf, Zakhareff8kaia, or Coal Bay, whieh 
indents the northern end of the island for about 3 miles. This locality 

1 See U.S. Coast Sm:vey Chart, No. 80G, by W. H. Dall, 188Z. 
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was visited by Dall in 1865 and also in 1871, 1872, and 1873. The 
earlier observations of W ossnessenski and others are enumerated by 
Grewingk ( op. cit., p. 97), but his details are very incomplete. 

The following section was obtained by Dall in 1872. The total height 
of the cliff is between 500 and 600 feet; two-thirds of it is precipitous, 
the rest more sloping; the crest is perhaps a third of a mile westward 
from the water's edge. The strata are somewhat waved in a north and 
south direction, and dip to the westward from 5° to 200: · 

Feet. 
1. Turf and soil .......... _ ...... _ ........ ___ ... ___ ........•.••••.... ·1 
2. Conglomerate of :fine pebbles ..................•....•.............. 
3. Conglomerate of larger bowlders .........•...•...•................ , 

. 4. Sandstone with marine fossils ~1 foot) .....................•........ > 200 
5. Thin friable sa~dy shales (6 inches) ................................ j' 
6. Conglomerate like No. 2 ......................................•.... 
7. Very coarse conglomerate (2feet) ....•......................•...... 
8. Sandy shale with indistinct plant remains . . . . . . . . . . . . . . . . . . . . . . . . • t 
9. Thin leaves of lignite aggregated into three series of 3 feet each, in

terstratifi.ed with beds of sand and gravel of variable thickness, 
with some pyrites and peroxide of iron, total about............... 40 

10. Soft sandstone and gravel without large pebbles and little indu-
rated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 

11. Another series similar to No.9, but with none of the coal more than 
8 inches in thickness, very pyritiferous. . . . . . . . . . . . . . . . . . . . . . . • . . . 200 

12. Clay ironstones with leaf impressions to the beach . . . . . . . . . . . . . . . . 4 

Below ordinary low water another seam of coal is said to exist. The 
best veins of coal in the cliff are about a foot thick, hard, clear, and 
black except where weathered. It slacks up on exposure into small 
cubical fragments. There are three of these foot veins, separated by 
about 10 feet of sand and gravel. Over the middle vein is very fria,ble 
blue shale, about 4 feet thick. Over the upper vein is a 4-iuch layer of 
sandy shale containing many plant impressions, from which the collec
tion submitted to Lesquereux was chiefly derived. 

The coarser conglomerate (Nos. 3 and 7) contains some iron and 
weathers black on the face of the cliff. In a section published in a 
prospectus of a coal-mimng company these black bands, which can be 
seen miles away on the face of the cliff, were indicated as coal veins; 
as in fact a distant observer would take them to be until otherwise in
formed. 

The species of plants collected at this locality were examined by Les
quereux, and proved to be identical with those from Cooks Inlet; ·eight 
species were identified. 

In the conglomerate (Nos. 6 and 7) many pieces of rolled silicified 
wood were found, some of which were bored by Teredo. These beds are 
evidently a beach formation, presaging the depression which followed 
in which the marine bed above them was laid down. I have called 
them the Unga conglomerates, and the marine stratum, which will be 
referred to later, from the great abundance of Orepidula prmrupta Con
rad, I have called the Crepidula bed. It conformably overlies the 

Bull. 84-16 
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other& and there can be no doubt of the continuity of the sedimen 
through the whole series of lignitic and marine strata in this ~vv., ..... .,·"' ·' 

Fossil wood, referred to Pinus pannonicus, has been obtained at 
laroff harbor, in the southern part of U nga, and some large pieces, 
collected on the beaches and forwarded to Dr. Newberry in 1873, 
stated to be apparently Cycadaceous. These may have been derived 
from adjacent Mesozoic strata. According to John Dix, a miner at the 
coal vein referred to, the mountains inland from the bay consist largely 
of simi] ar sandstones. 

The northeastern extremity of U nga Island and the northwestern 
part of Popoff Island are composed of sandstones and conglomerates 
similar to the upper part of the bluff in Zacharo:ff Bay, but they rise~ 
only about 50· to 7 5 feet above the sea, and are broken and cut by dikes 
and larger intrusions of basaltic lava and diorite, and near the con· 
tacts much altered and intersected by veins of chalcedonic quartz. 

On the western edge of Nagai similar rocks exist above the meta
morphic schists and quartzites, but they are gTeatly altered and con· 
torted and cover but a small area in comparison with underlying beds. 
It is probable that part of the island of Sannakh is composed of similar 
strata. 

LIGNITIC BEDS OF THE ALEUTIAN ISLANDS. 

In the chain of islands extending westward from the peninsula there 
ar~ many which are more or less volcanic, but the chain is older than 
the volcanoes and volcanic islands it contains, and many of the islands 
are composed of sedimentary or metamorphic rocks. The chain doubt. 
less marks a very ancient line of weakness or faulting in the earth's 
crust; and most of the volcanoes are relatively very modern develop
ments, due to geological changes which have been in progressive opera
tion since early Mesozoic time. 

Ahtn.-Proceeding westward, the first island upon which lignitic 
beds are reported is Akun, where Postels 1 states he was told that coal 
exists. 

Unalaska.-The northern part of the island of Unalaska is better 
known than the rest. The principal harbor, Captains Bay, is sur
rounded with massive beds of clay porphyry and some basaltic lava. 
But several localities in the interior of the island, according to tradition, 
afi'orded amber and consequently should possess liguitic deposits. In 
the autumn of 1871 Dall endeavored, with a small party and an Aleut 
guide, to · discover one of these so-called amber beds. The expedition 
reached tbe main ridge of the island some miles south from Captains 
Bay, and found the rocks to consist almost exclusively of syenite in 
mountain masses, overlain· in some places by thin beds of clay and sand, 
apparently the result of decomposition of the syenite itself. The amber 
lake of Aleut tradition is a small body of water connected with two 
others. Above the lake rose a precipitous crag of conglomerate, 2,000 

l Voy. S6niavine, 1836, vol. 3, p. 21. 
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feet in height by estimation, the horizontal layers very distinctly bedded, 
graduating toward the top into hard altered sandstone, very black and 
flinty. No fossils could be found in it, but the weather became so in
clement as to render it necessary to return without making an exhaust
ive search, and these beds ::nay eventually prove to belong to the leaf
bearing series. The Aleuts declare that the disintegrated sandstone in 
former times afforded occasional bits of amber, which were obtained 
from the gravel around the edge of the lake. 

Another locality for amber, and inferentially for lignit:rc strata, is 
reported by Veniaminoff, from statements by the Aleuts, to exist in the 
western part of the island in the mountains near the head of Makrofski 
Bay. Here there is said to be a lake containing an island of friable 
sandstone and unconsolidated gravel, out of which the Aleuts formerly 
obtained small pieces of amber . 

. Marine Miocene beds exist on MakushinBay, nearthenorth-northwest 
base of the volcano of the same name, but no leaf beds are reported at 
this place. On the eastern shore of Port Levashe:tf Wossnessenski ob
tained small fragments of lignite, which he supposed to have been 
brought down by streams from lignite beds in the interior of the island, 
the adjacent rocks being clay porphyry. 

Slate Point, 2i miles eastward from the entrance to Ohernoffski 
Harbor, is composed of a black stratified material, perhaps belonging to 
this series, but which has not been closely scrutinized. 

Umnalc.-On the northwestern end of the island of U mnak, the next 
westward in the chain, near Tulikskoi Volcano, is a lake overhung by a 
cliff of unconsolidated beds. The Aleuts were in the habit of stretching 
a seal hide between two kayaks and dislodging this earthy material, 
which would fall upon the hide, and was carefully washed for amber. 
Near Cape Yegorko:fl'ski, Eschscholtz and Ohamisso collected fossil dico
tyledonous wood from the bed of a lake which had been drained by 
~hanges due to an earthquake. 

Atka.-Westward from Umnak many of the smaller islands are vol
canic, and but little is'known of any of them until the island of Atka is 
reached (174P west longitude). On the western side of the north part of 
this island it is indented by Korovinski Bay, from which several small 
arms extend southward and northward. The north shores are com
posed chiefly of nearly horizontal layers of volcanic breccia dipping 
slightly to the northeast and rising to 1,000 feet, interstratified with beds. 
of ashes, cinders, and solfataric clays, in some of which marine Miocene 
fossil shells occur. On the south shore, especially on the east shore of • 
Sandy Bay, are found pieces of fossil wood of a gray color, which burn 
slowly, and other pieces which are silicified. They appear to lie under 
the soil, between the latter and a conglomerate resembling that of U nga, 
chiefly composed of rounded porphyritic pebbles, capped on the eastern 
portion with partly columnar basalt. 
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N azan Bay, on the east side of the island, opposite Korovinski Bay, 
and separated from it by a low isthmus, exhibits highly altered beds 
of conglomerate and volcanic breccia, nearly horizontal and dipping 
slightly to the northwest. A more compact, flinty, greenish metamor· 
phic rock, with a similar dip but more contorted and much intersected 
by dikes of basalt, is the material of which the south shore and the islets 
protecting the anchorage are composed. 

Adalch.-On the west side of the island of Adakh is a harbor called 
the Bay of ·Islands, the northern shores of which are composed of coarse 
sandstones like those of the Kenai group, dipping in general to the 
northeast. They are greatly altered by basaltic and frothy lavas, which 
have burned the sandstones overlaid by them to a red color. No fossils 
were found in them when examined by Dall in 1873. 

Amchitlca.-The island of Amchitka is notably low and level com
pared with mo~t of the Aleutians. At Constantine Harbor, on the 

·northeastern shore, the rocks forming its eastern coast are crystalline 
- and probably volcanic. The west side of the harbor appears to be com

posed of low bluffs, not exceeding 60 feet high, of a much-altered con
glomerate. Westward about a mile is Kiriloft' Bay, a small, rocky 
indentation, formerly the site of a village (1849), but now deserted. 
Here the conglomerate and sandstones are less altered, and specimens of 
lignite and fossil wood were collected by W ossnessenski. Still farther 
west small veins of lignitic coal with plant remains are reported by 
Shayeshnikoft: 

Kislca.-The island of Kiska has a :fine harbor (west longitude 1820 
30' ), which is protected on the east by the island of Little Kiska. The 
shore belonging to the. main island borders on the water in many places 
as steep bluft's to 200 feet high, composed of a coarse conglomerate, ot 
which the upper layers merge into a breccia of volcanic material but 
obviously arranged in water. These are broken through by eruptive 
clay porphyries of a greenish color, rising to 150 feet, and capped over 
all by a basaltic or coarsely crystalline syenitic rock, in some places 300 
feet thick. On the bluff of Little Kiska, facing the harbor, the porphy
rite appears toward the southwest unconformably over them, and dip
])ing northward are sandstones resembling those of the Kenai series, 
but in which, in 1873, Dall found no fossils. Covering those, and ex
tending to the northwest point of Little Kiska, is a magnificent cliff' of 
the crystalline eruptive rock before referred to, which here forms enor
mous prisms, :five-sided, from a foot to 20 inches in diameter, standing 
vertically in the cliff-like organ pipes, and sometimes continuous as a 
single prism to the length of more than 50 feet . 

.A.ttu.-The westernmost of the Aleutian chain is the island of Attu, 
which is destitute of modern volcanic rocks. The harb01~ of Chiragoff, 
at the northeastern end of the island, is surround~d chiefly by meta
morphic slates and quartzites, diorite, ~erpentine, and clay porphyry, 
probably Mesozoic, and much contorted. It was reported by the natives 
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that fossil wood was occasionally found on the beaches toward the wes
tern part of the island, but no Tertiary rocks or sandstones were ob
sen·eu by Dall's party. 

Nuni1xtlc IsZand.-Northward from the Alaskan Peninsula little is 
k11own of the geology until the island of Nunivak is reached. At th~ 
northeastern extreme of this island is an anchorage surveyed by Dall 
in 187 4. Here the shores, though abrupt, are low, and composed of much
altered sandstones, nearly horizontal and more or less overlain by re
cent basaltic lavas. In the interior small volcanic cones, or hills resem
b1ing volcanic cones, were observed and supposed to be the source of 
these lavas. From their appearance and relation to the lavas it is prob
able that these sandstones belong to the Kenai group. 

In the Yukon valley, and thence to the shores of Nor ton Sound, a large 
area is occupied by lignite and leaf-bearing sandstones of the Kenai 
group, a smaller portion of which are overlaid by the Nulato marine 
sandstolles analogous to the Crepidula bed of Unga in age, but contain
ing a different series of fossil shells. 

On the seacoast between U nalaklik and Tolstoi Point these strata are 
exposed, much contorted, and dipping generally at high angles. At 
Tolstoi Point they are met by the later basalts which southward form 
the shores of the sound, St. Michael and Stephens islands, and adjacent 
islets. In October, 1867, these exposures were examined by Dal1, from 
whose notes and sections made at the time the following description 
is condensed. 

Southward from the mouth of the Unalaklik River, along the seaslwre 
for 6 miles, stretches a low, level plain of sand, soil, and turf, horizontal 
and from 5 to 20 feet thick. Then the alluvial layer rises, and below it 
is visible bluish or yellowish clay, soft, but distinctly bedded and dipping 
north by east 28° to 45°. It is 30 to 40 feet thick, covered by about 3 
feet of soil. The lower layers of the clay contain fragments of silicified 
wood and lignite, sometimes preserving the original form of the trunk, 
but commonly broken. This continues a quarter of a mile to a small 
creek (No.1), on the farther side of which appear beds of indurated 
sandstone, overlain by the clay and soil and underlain by a blackish 
shale, the succession being as follows: 

Feet. 
1. Soil and clay, the latter sometimes absent . . . . . . . . . . .. . . .. . . . . .. .. .. 3 
2. Greenish sandstone, clipping north 35°-40° . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3. Blackish sandstone, dipping north 33°-40° . _ .. _. · ...... ___ ... _. _. . . . . 20 
4. Shale, dipping 30° easterly ______ ..... __ . .. . .. . .. . . . .. .. .. .. .. .. .. .. 10 

This series continues about 3 miles to Creek No. 2, along the shore, 
but the shale only comes up so as to be exposed for about 200 yards. 

From Creek No.2, along the shore, we find for half a mile blackish 
sandstone, with seams of shale 20 feet thick dipping southeast 80°, cov
ered with clay and soil. This is succeeded by a gray sandstone 30 to 
40 feet thick, with a northeast dip of 45° for nearly a mile, followed by 
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200 yards of the black sandstone, 40 feet thick, dipping southeast 650, 
Then a turreted bluff of gray sandstone, vertical,50 feetlligh,with seam8 
of quartz and layers of shale and fragments of carbonized vegetable 
matter. Under this the black sandstone shows again on a level with 
the beach, both dipping northwest 85° for half a mile. The clay and 
two kinds of sandstone continue to crop out, with occasional layers of 
dark colored shale and slaty rock dipping from north by east round to 
southeast 300 to 85o, to Tolstoi Point, the last 2 miles being formed of 
clear gray sandstone in bluffs 30 to 70 feet high, dipping northwest 70o 
to 80°, until the lava is reached at the point. 

Topanica beds of Norton Sound.-Creek No.2 is locally known as 
Topanica, and at its mouth is a camping place where the natives go to 
catch fish. 

Following Topanica Creek easterly into the hills the greenish and 
blackish sands dip more and more steeply to the east, interleaved with 
shaly layers containing leaves and vegetable remains, among which 
leaves of Platanus nobilis Newberry, a foot across, were collected in a 
fine state of preservation. 

Farther inland the same rocks become vertical and then dip toward 
the west, the beds resembling the radiating ribs of a fan. About 2,000 
feet of these beds are continuously exposed without faulting, with the 
same fossils at intervals all the way. These beds extend inland be
tween the sea and the Yukon River, where they appear again. 

mukak River beds.-Starting from U nalaklik up the river of the same 
name, a branch called the Ulukak, about 2 miles above the Indian 
village of Iktigalik, affords a fine exposure of these rocks, as follows, 
the whole series dipping conformably north-northwest 25° to 55°, the 
section beginning at the base: 

Feet. 

1. Argillaceous unfossiliferous slaty rock, the layers of which become 
progressively harder downward ________ .... . . . . . . . . . . . . . . . . . . . . . . 220 

2. Shale, with some lignite, showing black .............. _____ ..... . . . . 2 
3. Argillaceous shale, with leaves of Platanus .... _. _____ . ______ .... -.-. 15 
4. The same, without fossils __ ...................... _ ...... ______ . . . . . . 15 
5. White sandstone (probably marine) .... ------ ....................... 20 
6. Sancl and soil to surface ............................ ___ ........... - . 10 

This is the only locality on the river between UnaJaklik and the vil
lage of Ulukak (some 30 miles in a direct line, but GO by the river) where 
fossils were observed. The rocks, as on the coast, were more or less 
folded, and the dip is irregular. 

Lower Yukon valley outcrops.-The Yukon valley affords numerous 
exposures of the same group of sandstone along the right bank of the 
river. The first locality noted in ascending the river is just below .An
dreiffski fort, an old Russian trading post. High bluffs of black sand
stone come down to the river just above the fort and continue for 10 
miles, and just below the fort is the last small exposure, where a seam 
of bituminous shale about 6 inches thick was observed by Dall in 1868. 
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This had been worked a little for fuel by the Russians, but abandoned, 
as the material was too impure to burn well. It dips in a westerly di
rection. Ascending the river, the sandstones are next observed along 
a stretch of about a mile near the native village called by the Russians 
"Starry K wikhpak." Two miles and a half below Ikogmiut mission 
the sand.~tones along a strip of 3 or 4 miles alternate with older meta· 
morphic and later trachytic rocks. Some layers of the sandstones here 
weather of a whitish color, dipping in a northwest direction with more 
or less folding and alteration by the action of the eruptives. Similar 
exposures appear near Koserski village, and at Lofkas which is nearly 
in the same latitude as Tolstoi Point, N orto:o. Sound (previously de· 
scribed) the sandstones begin to form the main mass of the strata ex
posed along the river, though the quartzites appear here and there. 
The sandstones in general dip toward the northwest, at angles varying 
from 200 to 45°. A short distance below Kaltag a small seam of lignite 
occurs. 

Exposures on the Uppm· Yukon and at Nulato.-Above Kaltag the 
bluish sandstones of the Kenai group are overlain by brownish marine 
sandsto11es wllich are best exposed just above Nulato and hence have 
been named in Dall's notes the Nulato sandstones. They occur in suc
cessive waves or folds extending in a northwest and southeast directiou, 
and cut nearly at right angles by the river. At some points eruptive 
rocks have forced their way through, tilting the sedimentary rocks nearly 
vertical and altering them near the contact with the eruptives. The 
blue sandstones occasionally appear above the level of the water. 

About 7 miles below Nulato, on the south side of a level space or fiat, 
a small bluff appears, at the extreme end of which the sandstones are 
nearly vertical. Here, between two contorted layers of shaly rock, a 
small coal seam was examined in December, 1866. It has been squeezed 
out above and below, forming a mere pocket about 2 feet thick and not 
over 20 feet long on the exposed face. The shales contained obscure 
vegetable remains, but were much altered, probably by the heat evolved 
at the time they were folded. The average dip is north 45°. The coal 
is good, but there are apparently only a few tons of it. The shales are 
conformable with the brown sandstone, which, however, is a marine 
formation in which this deposit of lignite is a very exceptional incident. 

N~tlato marine sandstones.-Above Nulato appea.rs to be exposed the 
highest of these sandstones, which there form bluffs 60 to 100 feet high, 
and farther up the river reach to 200 feet. In May, 1866, Dall obtained 
from the upper part of these beds Modiola, Tellina, JJfytil1.ts, Gastrochccna, 
and M~Ja, with worm tracks and obscure vegetable remains. The gen
eral appearance indicated a littoral formation. 1 These sandstones extend 
along the river from Kaltag to the Koyukuk Mountain and westward to 
the Kuthlatno and Ulukak rivers and the eastern base of the Shaktolik 
Hills, fonni11g a sort of patch, approximately 90 wiles northeast and 

1 Cf. Dall in A.m. Jour. Soi., 2u ser., 1868, Yol. 45, pp. 97-98. 
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southwest and not more than 30 miles wide, lying on a much larger 
of Kenai sandstones. The latter form the mass of the hills between the 
Kutelno and Kuthlatno rivers and of the Shaktolik Hills. They ex
tend on the Yukon above the Koyukuk Mountain, which is apparently 
of intrusive crystalline rock, eastward on the north bank to the Melozi
kakat River. Above Nulato they first appear about 5 miles above the 
bluff' above mentioned as affording marine fossils, and there conformably 
underlie the marine sandstones and are themselves underlain by a hard 
~~~~ . 

Near Melozikakat the bluffs appear also on the left bank, which is 
rarely the case on the Yukon below the Ramparts. Russell 1 has also 
noted the leaf beds 15 or 20 miles below the mouth of the Melozikakat, 
on the right bank of the Yukon, in connection with an interesting se
ries of faults which they exhibit. 

Colville brown lignite.-In connection with this lignite-bearing series 
a note on another lignite deposit may be in place. The party com
manded by Lieut. Stoney, U. S. Navy, while exploring in the vicinity 
of the headwaters of the Colvile, the Noatak, and Kowak rivers, north 
of the Yukon, were obliged to traverse large areas of barren, treeless 
tundra, and here they found on the surface rather abundantly scat
tered masses of a brown lignitic material resembling powerfully com
pressed peat, recalling pitch in hardness and weight, but not brilliant 
nor disposed to melt with heat, but making a clean cut, like "plug" 
tobacco when whittled with a knife. This material was sufficiently in
flammable to ignite and burn with a steady flame on applying a match 
to a corner of it, so that in their cold and weary journey it formed a 
most welcome substitute for wood or other fuel for the campfire. The 
geological relations of this substance are unknown; it presented no 
traces of organic structure under an ordinary magnifier, but its nature 
and geographic location suggest that it may be connected with the lig
nite-bearing beds to the south of it, which we have just described. 

Kowak River lignites.-About 75miles above the mouth of the Kowak 
River, which empties into Kotzebue Sound through Hotham Inlet, exten
sive deposits of lignite, associated with sandstone, shale, and conglomer
ate, were discovered by Lieut. J. C. Cantwell, U. S. Revenue l\1arine, and 
party, while exploring under direction of the Treasury Department in 
1884. The coal belt on this river is about 30 miles wide, and passes 
through a series of high and partly timbered hills. It is often exposed 
along the river bank, and is frequently associated, as at Kenai, with 
beds of clay. It is soft, friable, and jet black in color. These beds lie 
directly in the trend, northwesterly from the main body of beds of the 
Kenai group north of the Yukon, and there can be little if any doubt 
that they belong to the same series. The opinions which would con
nect them with the beds of Paleozoic coal on the Arctic coast, near 
Cape Lisburne, are, of course, erroneous. It has been determined by 

• Bull. Geol. Soc. Am., 1890, vol.l, p.lOS. 
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the observations of Corwin party/ in 1885, that the coal beds of the 
Kowak do not extend to the valley of the Noatak, and can not, there
fore, be continuous with those at Cape Lisburne. 

CAPE BEAUFORT COAL MEASURES, 

In regard to these last it may be noted in passing that Silurian fos
sils, brachiopods, corals, and crinoids have been collected by Buckland, 
Fischer, Kupreanoff, and Dall at Cape Lisburne and the adjacent Cape 
Thompson. A few miles farther up the coast coal is found about a 
quarter of a mile away from the beach at Cape Beaufort. This coal is 
of a very different quality from the lignites of the southern part of 
Alaska, and from the presence of corals, apparently referable to the 
epoch of the Carbonifel'ous period, which were collected from the 
debris of the rocks adjacent, it has been assumed to be of that age. 
Similar coal crops out below low-water mark in many places north
ward to Point Belcher, and is pushed up on the beaches by the grounded 
ice:floes so that in some places nearly the whole of the beach gravel is 
made up of small fragments of coal. From this region Lesquereux 2 

has described Iritis alaslcana, collected at Cape Lisburne by Henry D. 
Woolfe, and Newberry 3 enumerates from the same locality and collector 
ten species which he regards as Neocomian, and which Prof. Ward? 
enumerating publications on .Alaskan Paleobotany, considers to indi
cate a Lower Cretaceous or possibly Upper Jurassic age. It seems tol
erably certain that strata covering a considerable range on the geologic 
column, beginning with the Silurian, are represented in the vicinity of 
Cape Lisburne, and that the coal-bearing strata may be Mesozoic 
rather than Paleozoic. 

While referring to the subject of Alaskan paleobotany, it may noted 
that a few species of fossil plants are enumerated 5 by Prof. Lesquereux 
as collected at Sitka by E. W. Nelson, but some doubt exists as to the 
correctness of this locality, though the specimens are doubtless Alaskan. 
J. Felix 6 has described a fossil wood (Pityoxylon incequa,le) from the 
"basalt mountain south of Danaaku," Alaska, a locality which I have 
not been able to identify. 

CORRELATION OF THE JtENAI SERIES, 

Having indicated the extent and position of beds in Alaska belong
ing to the Kenai groap, as far as our imperfect knowledge of them will 
permit, it is now in order to discuss their geological age upon the basis 
of the facts presented. This will of necessity be largely dependent 

1 Cruise of the Corwin in 1885, House Ex. Doc. No. 153, 49th Cong., 1st sess. Washlngton,1884; see 
p. 76. 

2 Proc. U. S. Nat. Mus., 1887, vol. 10, p. 36. 
3 Proc. U. S. Nat. Mus., 1888, vol. 11, pp. 31-33. 
4 Eighth Annual Report, U. S. Geol. Survey, 1889, pt. 2, pp. 924-926. 
6 Proc. U.S. Nat. Mus., 1887, vol. 10, pp. 35-37. 
G Zeitschr. Deutsch. Geol. Gesell., 1886, Bd. 38, pp. 483-484. Leipzig. 
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upon data other than the similarity of flora, which has been con 
sively shown to have little value as a test of synchrony between · 
separated geological deposits. Of the 54 species enumerated from t 
Kenai peninsula by Heer, 30 were previously known from 
strata in other parts of the world. Of those from Kuiu and U nga, 
species, 31 were previously known as Miocene. According to Heer, 
doubt can exist as to their Miocene age, in which conclusion Lesque. 
reux agrees, remarking: 

The plants described by Heer, representing 56 species, are of marked interest by 
their intimate relation with those of Atane in Greenland on one side and with those of 
Carbou in Wyoming and of the Bad Lands of Dakota on the other. They comprise 
a small group which suplllies an intermediate point of comparison for considering 
the march of the vegeta.tion during the Miocene period, from the Polar circle to the 
middle of the North American continent, or from the thirty-fifth or fortieth to the 
eightieth degree of latitude. The remarkable affinity of the Miocene types in their 
distribution from Spitzbergen and Greenland to the middle of Europe had already 
been manifested by the celebrated works of Heer. But the Alaska flora has fur this 
continent the great advantage of exposing in the Miocene period the predominance 
of vegetable types, which have continued to our time and are still present in the veg
etation of this continent. (Op. cit., p. 443.) 

In his later publication on the same subject Lesquereux 1 remarks: 
Alaska has 73 species, of which 13 are found in the Bad Lands, 4 at Carbon (Wyo

ming), and 2 in and the Chalk Bluffs (California). * * * Of the 13 species common 
to Alaska and the Bad Lands, 9 are Arctic, of these 6 ~re European also; and besides 
Populus latio1·, P. glandulifera, and ,Tuglans nigella are European, but not yet found 
in the Arctic flora. The Bad Lands group, therefore, is truly Miocene and shows 
scarcely any deviation from that of Alaska. The 3 species mentioned as not Arctic 
may be indicative of a somewhat warmer climate. * * * As the fossil floras of 
Carbon and the Bau Lands are related by 10 identical species, and those of the Bad 
Lands and Alaska by 13, these three groups apparently represent the same stage of 
the North American Miocene. The flora of Carbon has only 4 species identified in 
that of Alaska; but this lesser degree of affinity may be ascribed to difference in 
latitude.2 

Of the 73 species enumerated by I.esquereux from Alaska 21 are 
tabulated by him as common to Greenland and Spitzbergen also, and 
31 as common to the Miocene of Burope and Alaska. 

The term Miocene, as used by Heer, seems to have been based pri
marily on the stratigraphic nomenclature of Switzerland. His method 
of inferring the age of a given plant bed from the fact of its showing a 
number of equivalent species with those of any Swiss bed would in
variably lead to the conclusion that the possession of a flora in common 
is sufficient evidence of a general synchrony between the two forma
tions. But I am informed by Prof. L. F. Ward that the vertical range 
of many fossil plants is very great, and that such conclusions can not 
safely be reached except by the aid of corroborative evidence in addi
tion to a partial similarity of flora. 

J Contt·ibutions to the fossil flora of the western Territories, part 3 the Cretaceous and Tertiary 
Floras, Rep. U.S. Geol. Survey of the Terr. by F. V. Hayden, 1883, vol.8, Washington,4°,cf Miocene 
Flora, pp. 219-277. 

1 Op. cit., p. 276. 
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'fhe beds of Carbon, Wyoming, with which LeRqnereux compared the 
Kenai group, are by Dr. C. A. White, as he informs me, referred on 
stratigraphic grounds to the Laramie. Prof. Ward 1 agrees with this con
elusion, and in his tables places the Carbon beds between the typical 
Laramie and the Fort Union beds, all of which are included under the 
general term Laramie. 

The newer leaf beds in Greenland have lately been regarded as Eocene 
by Mr. J. Starkie Gardner, and as equivalent in the main to the flora 
of the Basaltic (Eocene) beds of Britain.2 The Spitzbergen beds would 
naturally follow those of Greenland. But the inferential reference of 
the plant remains of the Pliocene gravels of California to the Eocene 
by l\1r. Gardner somewhat weakens the force of his opinion on othe:r 
fossil floras, since it is impossible that the Californian plant remains 
can be Eocene. 

I have already pointed out the probability that, if Miocene at all, the 
leaf beds of Greenland referred to would be synchronous with that geo
logical epoch during which the old MIOcene warm-water invertebrate 
fauna of the Atlantic coast penetrated as far north as New Jersey. 

Since that time it is highly improbable that any temperate conditions, 
such as the flora would indicate for the Atane period, have obtained in 
the latitude of Greenland. In other words, the Greenland beds are not 
later than the Old Miocene, though this does not preclude a reference 
of tbem to an older horizon than the Miocene, for during the Eocene 
also the conditions in the extreme north might have been favorable to 
such a tlora. 

In Alaska, at Cook's Inlet, at Unga Island, at Atka, and at Nulato in 
the Yukon valley, we find the leaf beds of the Kenai group immediately 
and conformably overlain by marine beds containing fossil shells which 
are· common to the Miocene of Astoria, Oregon, and to middle and 
southern California. 

It is then certain that the Kenai leaf beds immediately preceded and 
their deposition terminated with the depression (probably moderate in 
vertical range) which enabled the marine Miocene fauna to spread over 
part of the antecedently dry land. Further researches along the Alas
kan coast will doubtless enable us to determine whether the leaf beds 
themselves are underlain by marine Eocene beds or not. We know 
that tbe Aucella beds underlie the Kenai series, but whether there are 
any beds representing the marine phase of the Eocene between them 
is yet uncertain, though very probable. Eichwald's references to the 
age of the Alaskan N eozoic marine fossils are more or less confused 
and should not be taken into account in any discussion of the ~?ubject, 
as he has referred most of them indiscriminately to the Cretaceous, by 
which he means Gabb's Chico-Tejon series. 

What may be considered as reasonably certain is that the period dnr· 

1 U. S. Geol. Survey, 6th Ann. Rep. for 1884-'85, p. 539. 
1Proc. Royal Society, 1884, pp .. 2~, 23. See also Nature, 1879, vol. 20, pp.l0-13. 
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iug which in the Arctic regions the last temperate flora flourished 
in a general way the same for all parts of the Arctic. It would 
highly improbable that a temperate climate should exist in ~PJLtzt1er2e11 
and not at the same time in Greenland and Alaska, or vice versa. 
Alaska was covered by the sea at this time we should find a teul11}e1ratA 

. marin~ fauna, if it was dry land a temperate flora, and so with 
other Arctic localities, and these indications should, it would 
represent an identical and synchronic phase of geological history in 
Arctic regions. 

The distribution and character of this group have been soJJne~rhal 

fu1ly discussed because, up to very recently, authorities were 
cally unanimous in referring it to the Miocene, a view which can 
yet be said to be definitely refuted. But when we consider how 
Eocene Aturia bed is immediately and conformably overlain at 
by shales and sandstones, undoubtedly equivalent to the ~~c~o•um., 

marine Miocene, and that the latter conformably and immediately 
like manner overlies the Kenai group, it must be conceded that the 
view that the latter is probably of Eocene age does not appear unrea
sonable. 

MIOCENE OF THE ASTORIA GROUP. 

The marine N eo zoic beds overlying the leaf beds and conglomerates 
of the Kenai group. appear indubitably referable to the Miocene series 
represented in the sandstones and shales of Astoria, though probably 
to the upper or newer portion of these beds. Eichwald 1 has con
founded the unquestionably Neocene species :figured by Grewingk with 
Cretaceous forms collected by Dr. Blaschke in Alaska, and referred the 
whole 'to the Turonian or Upper Chalk. The fact that nearly half of 
Grewingk's species are still found living is quite sufficient to estab
lish the correctness of his original reference of them to the Tertiary, 
while they are derived, as previously shown, from beds overlying the 
leaf beds referred by Eich wald himself to the Miocene. 

This does not conflict with the possibility that the Blaschke collec
tion, other than those described by Grewingk, may be referable to the 
Chico or other part of the Cretaceous, which is well known to occur in 
various parts of Alaska. It is possible that two of Grewingk's species, 
Nucula ermani and Tellina dilatata of Girard from Atka, may not belong 
to the same hor.izon as the others, though of this there is no proof, and 
the fossils themselves are not distinctive. 

The following table will indicate the known species and their rela
tions: 

l Geogn. Palaeont. Bemerk., St. Petersburg,1871, pp.l17-137. 
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It will be not~d that of the forty-six species known twelve belong to 
genera not now represented in such cold waters as those of Bering Sea, 
and. of these, two species may possibly survive in Californian waters, 
the remainder being presumably extinct. The nineteen species known 
to survive in the recent fauna are all forms which belong to northern 
waters, and are capable of surviving low temperatures, though some
times ranging farther south. We may then conclude that in Miocene 
times the waters of this region were warmer than at present, and that 
the stHl· colder epoch, near the end of the Pliocene or the beginniug of 
the Pleistocene, weeded out the more delicate forms. 

ENUMERATION OF SPECIAL LOCALl'fiES. 

The localities where this fauna has been noticed and the marine beds 
more or less certainly identified, will now be enumerated, beginning at 
the south. 

On the south side of Dixon's entrance at Skookum Point, near Mas
sett, Queen Charlotte Islands, Ron. J. G. Swan collected specimens, 
now in the National Museum, showing the presence of these beds. 

The occurrence of beds of this age at Lituya Bay has already been 
alluded to (p. 236). Cenotaph Island, in the bay, is chiefly composed of 
them, and Laman on collected a species of Pecten with other marine fos
sils from a height of 200 toises above the sea level. 

Kadialc.-On the island of Kadiak, north of Tonki Cape, on the south 
coast from the shores of Igatskoi Bay, Wossnessenski collected anum
ber of species of this fauna, which were imbedded in a volcanic tufa 
about 10 feet above the sea. On the opposite side of the island near 
the settlement of U ganak similar beds were folmd containing analo
gous fossils. 

On the portage from Katmai Bay, across the ridge of A1iaska Penin· 
sula, on the trail to Naknek Lake, the same beds occur, from which the 
same collector collected Buccinum plectrum. 

Orepidula bed of Unga and Popoff islands.-One of the most prolific 
and best known localities is situated ~t Zakharo:ff (sometimes called 
Coal) Bay on the northern end of the island of U nga, one of the Shuma
gin group. A section on the west shore of this bay has already been 
described in detail (p. 241) where the marine Miocene is represented in the 
upper part of the bluff by a layer of sandstone about a foot thick, 
densely crowded with specimens of Orepidula prrerupta Conrad, some
times referred to as 0. princeps Conrad, which has been erroneously 
identified with the recent 0. grandis Middendorf. From the vast num
ber of these shells of which the layer is made up the name of the Crep
idula bed is suggested for it. 

Thi~ layer appears at a much lower level on the northern shore of the 
northcaRtern part of Unga, east from Zakharoff Bay. The sandstones 
lie horizontally or nearly so, except where disturbed by intrusions of 
later basaltic lavas, which sometim~s overflow the sedimentary beds or 
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invade them vertically or laterally, altering the rock at contact and 
some distance beyond the lavas. 

On the shore of Popoff Island next eastward from U nga and 
from the latter by a narrow strait, the same bed is continued, with 
thickness varying from 6 inches to 2 feet, carrying oysters, 
Ohrysodomus, etc.; it is here separated from the conglomerates 
and'below by a layer 10 to 25 feet thick, of hardly consolidated 
The upper conglomerate is of variable thickness and much altered 
heat from a bed of lava and volcanic breccia 300 feet thick whi~h 
lies it. The special character of the igneous material varies 
from point to point horizontally and vertically. The lower part 
more like a cooked conglomerate of pieces of clay-porphyry in a 
matrix while the upper portion is composed in part of sharp ua,gwenq 

of porphyrite and dolerite cemented by a thin, glossy, vitreous 
The strata are roughly conformable and dip 100 to 150 to the P.ll,f~t.wll.m; 
The lowest bed visible in the section exposed appeared to ~o,~T'A!;;:.nl)·nri 
to layer No. 6 of the section p. 241. 

The fossiliferous layer here contained Ostrea veatchii, 0. r.n.tl.ll.n-.·uul,n.. 

Orepidula prcerupta, Galerus, Pecten, Modiola, Modiolaria, Drillia?, 
Ohrysodom~ts, all rather scarce except the oysters. The latter 
frequently bored by Oliona. The fossils were generally fairly well 
served, and mixed with fragments of silicified or carbonaceous 
table matter in the matrix of more or less argillaceous sandstone. 
cetacean vertebra was also found. 

Peninsula ofAliaska.-lt can hardly be doubted that these strata re. 
appear on the peninsula north of Shumagin Islands as the Kenai 
do. Grewingk. speaks (Geogn. Palaeont. Bemerk. p. 58, foot note) 
their existence on the shores of Portage Bay and at Port l\ioller, while 
at other points on the north shore of the peninsula in that vicinity, 
Postels 1 speaks of horizontal fossiliferous strata carrying many bivalve 
shells, reaching a thickness above the sea level of 300 feet. These are 
doubtless of the same age as the Crepidula bed of the Shumagin Islands. 
At Pavloff Bay, both on the flanks of the Pavloff volcano and near the 
settlement, W ossnessenski obtained a large number of fossil bivalves 
belonging to this fauna. 

Walrus Bay.-On Morzhowi or Walrus Bay, in the :first bluff eastward 
from Sannakh Strait (or Isanotski Strait, as it is also called), at 50 
toises above the level of the sea, lies a horizontal bed containing tho 
same species of fossil bivalves previously noted at Pavloff Bay. This 
layer is covered by about 50 toises more of sand and clay. The same 
layer is noted by Liitke (Partie nautique, p. 272) on the west shore of 
Cold Bay.2 

Unalaska.-On the island of Unalaska at the NNW. foot of the vol
cano of Makushin the same beds occur again, and from them the char-

1 Liitke, Voy. Seniavine, vol. 3, p. 27. 
2 Cf. Veniaminoff, t. i., pp. 222 and 236., 
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acteristic fossils have been collected by W ossnessenski, Kastalski and 
Dr. Stein.1 They are also reported to exist in one of the bays near 
Chernoffski, in the western part of the island. 

A.tka.-The most western point where they have been recognized in 
the Aleutian chain is on the western side of the island of Atka, on a 
small inlet known as Sand Bay, which extends from the northern part 
of Korovinski Bay. Here the beds are near the sea level, but near by, 
on the western slope of Koniushi volcano, they appear at an elevation 
of about 30 feet and .consist of hard argillaceous and indurated sandy 
layers with the usual fossil bivalve shells. 

Nushagalc.-Proceeding northward along the main land at the head 
of Bristol Bay, the Nushagak River enters an inlet some miles in extent. 
At the head of ship navigation is the location of the Russian trading 
post of other days called Fort Alexander. On the shore of the river 
in this vicinity, but of which we have no more precise information, a 
small collection of fossils in an indurated clayey matrix was obtained 
by the late C. W. McKay. They agree in every respect with those from 
the Pribiloff Islands, and add some species to our list. The presence 
of these beds at this place .is therefore definitely established, but noth
ing is known of their extent. 

Saint Paul Isla,nd.-N early due west from Bristol Bay, in the midst 
of Bering Sea, rises the Pribiloff group of islands, celebrated for their 
fur-seal :fisheries. The settlement on Saint Paul Island is situated on the 
neck of a small peninsula, on either side of which is a stretch of sand 
beach bounded by crags of basaltic rock and lava. On the east side of 
thi's peninsula, which forms the southeastern extreme of the island, is a 
bluff or crag known as Black Bluff, which, according to the observations 
of W ossnessenski in 184 7 -'48, is composed of horizontal layers of a hard 
claystone, with others in which lime preponderates, forming a pale gray, 
:fine grained, clayey limestone, or in which a conglomerate of pebbles of 
volcanic origin is bound together in a limy matrix.2 Over these are 
layers of black or brown volcanic breccia and vesicular lava. These 
bluffs rise abruptly to a height of 60 to 80 feet above the sea at their 
base. From the limestone and argillite marine fossils have been obtained 
by Wossnessenski, Elliott, Dall, W. Palmer, and C. H. Towns-end, of 
which a collection exists in the National Museum, enumera,ted in table 
on p. 253. About twenty-eight species are known from this locality, 
which is stated to be the only spot in the whole group where any fos
siliferous rocks occur, 3 the remainder of the islands being composed of 
volcanic rocks and alluvium of very recent origin. 

Recent observations by Mr. J. Stanley Brown, special agent of the 
Treasury Department, in 1891, convinced him that at present no dis
tinct trace of any limy stratum is perceptible in the Black Bluff. The 
fossils obtained by him were contained in rounded, app!l'rently water· 

-----------
1 Grewingk, op. cit. p.123; Trudi, Mineral. obst. St. Petersburg, 1830, pp. 382-383. 
2 Grewiugk, Beitrag, p. 190. 
3 Cf. H. W. Elliott, Condition of Affairs in Alaska, 1875, p. 70. 

Bull. 84-17 
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worn pebbles, which were indiscriminately included in a general 
of volcanic ashes and other eruptive matter of which the bluff 
formed. No extinct species appeared in the collection brought back 
Mr. Stanley Brown, while several are noted from the material of 
earlier collections. It would seem possible that pebbles of more 
one geological epoch may be included in the mass, or that the wear 
the waves for half a century has cut away enough of the bluff to hide 
destroy the limy stratum referred to by Grewingk, and which may ha 
been of limited extent. It is certain that, from an examination solely 
the material collected in 1891, the fossils might be referred to an age 
late as the post-Pliocene, which would not agree very well with 
fauna reported by Grewingk and others. The fossils collected 
Mr. Stanley Brown and not included in the earlier collections 
as follows: Buccinum tenue Gray~, B. polare Gray~, Admete cmtthouyi 
Jay~, Leda sp., Yoldia limatula Say, Lepton grande Dall, Cardium islan
dicum (very abundant), Macoma sabulosa Spengler, and a fragment 
sibly of a Panopea. All these occur living at moderate depths in the 
Bering Sea, immediately adjacent to the island, at present. Owing to 
the doubt as to their age they have not been included in the table 
fossils of the Astoria group (p. 253). 

Gomrnandm· Islands.-On the Commander Islands, west of the Aleu. 
tians, rocks of the same age probably occur, since on Bering Island 
Stejueger collected some specimens of a conglomerated hard gravel 
highly polished pebbles united by a limy cement, containing fragments 
of bivalves (Saxicava?) and a single piece of claystone with the imprint 
of a bivalve not yet identified. 

Other localitie~. -The islands northward from the Pribilof group do 
not appear to contain fossiliferous strata. St. Matthew and its adja
cent islets are composed of porphyritic, granitic, and volcanic rocks. 
Pinnacle Island is a volcanic chimney, still smoking. St. Lawrence is 
chiefly granitic, though slate is reported to exist at its southeastern ex
treme. The island as a whole is composed of reddish granitic domes 
united by stretches of debris, due to weathering alluvium and sea sand. 
The Diomedes are massive domes of a white or grayish syenite. The 
statement of Muir1 that they have been glaciated is without foundation 
in fact, and the same may be said of other islands to the south. 

Returning to the mainland, the last area in which rocks of the Astoria 
group are known to occur is that of the Nulato sandstones on the Yukon 
River between Kaltag and the Koyukuk Mountain. These have already 
been described in connection with the Kenai beds of the same region, 
and it seems unnecessary to recapitulate the data here.2 

It may be added here that there is every reason to believe, notwith
standing the imperfect data which are on record, that the Kenai group 

1 Cruise of the Corwin in 1881, Washington, Treasury Dept., 1884, 4°,147 pp. Treasury Dept. Doo. 
No. 601 ; see pp.140-142. 

2 See page 247. 
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and the Astoria group are both represented by analogous beds on the 
southern part of the peninsula of Kamchatka and on the northern 
shores of the Japanese island of Yesso, though the discussion of those 
exotic localities is outside of the limits of this essay. 

PLIOCENE. 

BEDS OF MARINE ORIGIN. 

Identifiable Pliocene appears to be remarkably rare north of Cali
fornia. The small patch noted by Dr. Condon at Shoalwater Bay, 
Washington, lying conformably between beds of marine Miocene and 
Pleistocene, appears to be the only locality for many miles. In com
mon with the more extended beds in California, its fauna indicates a 
colder water temperature than at present, and contains a large pro
portion of species which have since receded northward some hundreds 
of miles at least and now find a congenial habitat in the Aleutian chain 
and Sitkan archipelago. 

St. Elias Alps.-In his geological researches on the St. Elias Alps and 
the region westward from the Yakutat Bay, Mr. I. C. Russell has dis
covered fossiliferous rocks elevated to 5,000 feet above the sea, con
taining fossils which all belong to recent species, yet which, since they 
belong to a more northern fauna than at present is known to inhabit 
that locality, are probably referable to the Pliocene rather than the 
Pleistocene, a view which is to some extent supported by the enormous 
elevation to which they have been subjected. Our ideas of what shall 
constitute Pliocene on the Pacific coast are still rather vague and may 
be said to involve the idea of a marine fauna containing a certain pro
portion of extinct species. Hereafter we may be better able to define 
the period in terms of dynamic geology, but at present both the recent 
and fossil faunas are but approximately known, and all determinations 
of the age must be taken as provisional. It can not be safely assumed 
that either the supposed Pliocene or the glacial and postglacial epochs 
on the Pacific coast where wholly synchronous with those periods on 
the Atlantic coast, to which the same appellations have been assigned. 
We may, however, be not far wrong in assuming that the Pliocene 
epoch was intimately associated with those great movements of eleva
tion which have been more or less definitely recognized along the whole 
Pacific coast from California northward. 

JJfiddleton Island.-This small island lies broad off Prince William 
Sound on the continental shelf, at a distance of some 65 mHes from the 
main shore. It was visited by a Coast Survey party directed by W. H. 
Dall in 187 4. It is low and nearly flat, except that the table land 
formed by the southern half slopes northward to the northern extreme, 
which is hardly raised above the sea. The southern end of the island 
is about 2 miles wide and 100 feet high, very flat above, falling to the 
sea in a perpendicular cliff, at the foot of which in some places is a nar
row, steep beach of shingle or bowlders. The middle portion of the is-
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land i~ three-quarters of a mile wide, rather low near the beach, 
bluffs rising a few rods inland. On the table land are a few small 
seemingly dunes, now grassy. There are no trees, but the herbage 
extremely luxuriant. A single leaf of Symplocarpus measured 48 
long and 24 broad, with a stalk 4 inches in diameter; the same plant 
the mainland has leaves usually not exceeding 14 inches in 
The island is composed ofnearly horizontal layers of soft clayey 
containing many pebbles and even bowlders of syenite and qnl-I.T'T.'/.1T~ , 

some rounded and others of angular shape. Above the claystone is 
layer of gray sand covered with several feet of mold and turf. 
the sea level some of the rock appeared to be quartzite in place 
very hard. Whatever its nature, it extends in reefs and shoals to a dis
tance of several miles from the island in different directions. No fos
sils were found in the claystone, but from its character it was suspected 
to be post-Miocene and possibly Pliocene. 

THE GROUND ICE FORMATION, 

A remarkable formation has been recognized in many places in the 
northern part of Alaska, in which solid beds of ice of considerable 
thickness perform the functions of rock strata and are covered by beds 
of blue clay containing numerous remains of Pleistocene mammals, or 
by beds of alluvium which sustain a layer of turf, with ordinary profuse 
herbage of the region, or even small thickets of birch, alder and other 
small Arctic trees. 

Eschscholtz Bay ice cl~tfs.-This formation was first noticed by Kotze
bue, during his exploration of the sound which bears his uame, in the 
year 1816. 1 The remains of animals which were associated with the 
clays above the ice were described in his appendix on the natural his
tory by Esehscholtz.2 The locality at which the original discovery was 
made is known as Elephant Point, Eschscholtz Bay, the bay being an 
arm of Kotzebue Sound. 

This locality was visited by H. M.S. Blossom, Capt. F. W. Beechey, 
in 1826,3 and observations on the ice formation were made by Surgeon 
Collie of the expedition, which, with the vertebrate remains collected, 
were diseussed by Dean Buckland in the appendix to the narrative of 
the voyage. Kotzebue and Eschscholtz eorrectly described the forma
tion as interbedded ice. Beechey's party, deceived by the mantle of 
clay whieh at the time of their visit had fallen so as to mask the main 
body of the ice face, concluded that the ice was a superficial deposit. 
They noted similar deposits of elay more or less associated with ice at 
numerous other points on the Arctic coast. 

1 Kotzebue, Voy. of Discovery into the South Sea and .Bearing's Straits, London, Longmans, 1821. 
3 v., so. vol. 1, p. 220. 

20p. cit., vol. 3. 
3Narrative of a voyage to the Pacific and Bearing's strait, by F. W. Beechey, R. N., London, Col

burn & Bentley, 1831, 74-2 pp., 4°. Cf. Part 1, pp. 257-239, and for Buckland's discussion, see Appendix 
to the same, pp. 593-612; also Zoology of Capt . .Beechey's Voyage, London, H. G. Bohn, 1839,180 pp., 
4.0 , 46 pl. For Collie's geological notes on the ice cliffs, see Geology, pp. 169-173, and Pl. I. 
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In 1848 Capt. Kellett, in H. M. S. Herald, accompanied by Berthold 
Seemann and Dr. Goodridge, visited Kotzebue Sound and Elephant 
Point with the narratives of Kotzebue and Beechey in their hands, and 
fully confirmed the views expressed by Kotzebue and Rschscholtz as 
to the interstratified position of the ice and the relation to it of the 
bone-bearing clay. Their results were subsequently discussed at length 
by Edward Forbes and Sir John Richardson.1 The fossil mammals 
were fully described and illustrated in their publication. 

1 n 1880 \V. H. Dall, commanding the U.S. Coast Survey cutter Yukon, 
visited Kotzebue Sound, and carefully examined this classic locality. 
His report was subsequently printed by direction of the superintendent 
of the survey.2 As these notes give the fullest account of this forma
tion at its typical locality they will be cited verbatim: 

We lanued at a small low point [on the south shore of Eschscholtz Bay, west from 
Elephant Point]3 nea some old huts and procee1lcd along the beach for about a mile, 
the banks being chiefly composed of volcanic breccia or a slaty gneissoid rock. They 
rose 15 to 50 feet above the sea, rising inland to hilly slopes without peaks, and prob
ably not attaining more than 300 or 400 feet anywhere in the vicinity. 

As we passed eastward along the beach a change took place in the character of the 
banks. 'fhey became lower and the rise inland was less. From reddish volcanic 
rock they changed to a grayish clay, containing much vegetable matter, which in 
some places was in strata in the clay and in others indiscriminately mixed with it. 
Near the beginning of these clay banks, where they were quite low, not rising over 
20 feet above the shore, we noticed one layer of sphagnum (bog moss) containing 
fresh-water shells belonging to the genera Pisidiurn, Valt,ata, etc. This layer was 
about 6 inches thick. The clay was of a very tough consistency, and though wet 
did not stick to or yield much under our feet. The sea breaks against the foot of 
these banks and undermines them, causing them to fall down, and the rough irregular 
talus that results is mingled with turf and bushes from the surface above. A little 
farther on a perpendicular surface of ice was noticed in the face of the bank. It 
appeared to be solid and free from mixture of soil, except on the outside. The banks 
continue to increase slowly, but regularly, in height as we passed eastward. A little 
farther on another ice face presented itself on a larger scale. This continues about 
2t miles to Elephant Point, where the high land turns abruptly to the south and 
west, and we foJlo>yed it no farther. The point itself is boggy and low, and is con
tinued from the foot of the high land, perhaps half a mile to the eastward, forming 
the northwest headland to a shallow bay of considerable extent. 

To return to the "cliffs": These, for a considerable distance, were double; that 
is, there was an ice face exposed near the beach with a small talus in front of it, and 
covered with a coating of soil 2 or 3 feet thick, on which luxuriant vegetation was 
growing. All this might be 30 feet high. On climbing to the brow of the bank, the 
rise from that brow proved to be broken, hummocky, and full of crevices and holes; 
in fact, a second talus on a larger scale ascending to a second ice face, above which 
was a layer of soill to 3 feet thick covered with herbage. 

The brow of this second bluff we estimated at 80 feet or more above the sea. 
Thence the land rose slowly and gradually to a rounded ridge, reaching the height of 
300 or 400 feet only, at a distance of several miles from the sea, with its axis in a 
north and south direction, a low valley west from it, the shallow bay at Elephant 

1 Zoology of the voyage of the Herald, edited by Edward Forbes, Vertebrals by Sir John Richardeon, 
London, Lovell Reeve, 1854, 171 pp., 40, 33 pl. 

2 Notes on the vicinity of Bering Strait, Am. Jour. Sci., 1881, vol. 21, pp. 104-111. 
3 Phrases inclosed in brackets are now added for clearneas. 
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Point east from it, and its northern end abutting in the cliffs above described on 
southern shore of Eschscholtz Bay. 'l'here were no mountains or other high 
about this ridge in any direction; all the surface around was lower than the ridge 
itself. 

About half a mile from the sea, on the highest part of the ridge, perhaps 250 feet 
above high-water mark, at a depth of a foot, we came to a solidly frozen stratum, 
consisting chiefly of bog moss and vegetable mold, but containing good-sized lumps 
of clear ice. There seemed no reason to doubt that an extension of t he digging 
would have brought us to solid, clear ice, such as was visible at the face of the 
bluff below; that is to say, it appeared that the ridge itself, 2 miles wide and 250 feet 
high, was chiefly composed of solid ice overlaid with clay and vegetable mold. It 
was noticeable that there was much less clay over the top of the upper face than 
was vis1ble over the lower one, or over the single face when there was but one, and 
the lanu and the bluff were low near tl1e beach. There also seemed to be less vega
table matter. Near the beach six or eight feet of clay were observed in liOIDe places, 
without counting what might be considered as talus matter from further up the 
hillside. In one place only did we notice a little fine, reddish gravel, and nowhere 
in the talus or strata any stones. • 

The ice face near the beach was not uniform. In many places it was covered with 
clay to the water's edge. In others, where the bank was less than 10 feet high, the 
t urf has been bent without breaking after being undermined, and presented a mossy 
and herbaceous front, curving over quite to high-water mark. 

The ice in general had a semistrati:fied appearance, as if it still retained the hori
zontall)lane in which it originally congealed. The surface was always soiled by 
dirty water from the earth above. This dirt was, however, merely superficial. The 
outer inch or two of the ice seemed granular, like compacted hail, and was sometimes 
whitish . 'rhe inside was solid and transparent, or slightly yellow tinged, like peat 
water, but never greenish or bluish like glacier ice. But in many places the ice 
presented the aspect of immense cakes or fragments, irreglJlarly disposed, over which 
it appeared as if the clay, etc., had been deposited. Small pinnacles of ice ran up 
into the clay in some places, and, above, holes were seen in the face of the clay bank, 
where it looked as if a detached fragment of ice had been and had been melted out, 
leaving its mold in the clay quite perfect. 

In other places the ice was penetrated with deep holes, into which the clay and 
vegetable matter had been deposited in layers, and which (the ice melting away 
from around them) appeared as clay and muck cylinders on the ice face. Large 
rounded holes or excavations of irregular form had evidently existeu on the top of 
the ice before the cl:ty, etc., had been deposited. These were usually filled \Yith a 
finer grained deposit of clay, with less vegetable matter, and the layers were waved, 
as if the deposit had been affected by current action while going on. 

In these places were noticed, especially, the most unexpected fact connected with 
the whole formation, namely, a strong, peculiar smell, as of rotting animal matter, 
burnt leather, and stable manure combined. The odor was not confined to the spots 
a bovc mentioned, and was not quite the same in all places, but had the same general 
character wherever it was noticed. 1 A large part of the clay had no particularsmcll. 
At the places where the odor was strongest it was observed to emanate particularly 
from darker, pasty spots in the clay (though permeating elsewhere), leading to the 

1 This phenomenon was observed by Kotzebue, Beechey, and the Heralcl party, and lends furtl1er 
I>robal>ility to the view that the animals were mired in the clay and thus met their death. Since, if the 
clay contained merely the accummulated bones of animals which had died aml decayed on the surface 
of tl1c ground, it is unlikely that so much animal matter would have been hermetically sealed in the 
clay and kept on ice to offend the 110strils of later visitors. On the other ha.m1, if the ice had not been 
present and the temperature not kept so low it is unlikely, even in the clay, if animal matter could 
have been pn•servcd for such an enormous period of time in a condition to give out so ammoniacal a 
!tench. A.ll the circ·nmstances point toward the view that the ice preceded and subsequently coexisted 
with animals whose remains are now found in its vicinity. 
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supposition that these might be remains of the soft parts of the mammoth and 
other animals, whose bones are daily washed out by the sea from the clay talus. 

At or near these spots, where the odor was strongest, a rusty, red lichen, or lichen
like fungus, grew on the wet clay of the talus in extensive patches. Some of these, 
of the bad-smelling deposit, and as many bones of the mammoth, fossil buffalo, etc., 
as we could carry, were secured. These included a mammoth tusk, with both ends 
gone, bnt still5t feet long and 6 inches in diameter. Dwarf birches, alders, 7 or 8 
feet high, with stems 3 inches in diameter, and a luxuriant growth of herbage, in
cluding numerous very toothsome berries, grew with the roots less than a foot from 
perpetual solid iee. 

'l'he formation of the surrounding country shows no high land or rocky hills, from 
which a glacier might have been derived and then covered with debris from their 
sides. The continuity of the mossy surface shows that the ice must be quite destitute 
of motion, and the circumstances appear to point to one conclusion, that there is 
here a ritlge of solid ice, rising several hundred feet above the sea, and higher than 
any of the land about it, and older than the mammoth and fossil horse, this ice tak
ing upon itself the functions of a regular stratified rock. * * * Though many 
facts may remain to be investigated, and whatever be the conclusions as to its origin 
and mode of preservation, this formation certainly remains one of the most wonder
ful and 1_)Uzzling geological phenomena in existence. 

From the character of some of the bad-smelling deposit which was 
brought home and appeared to be exclusively composed of vegetable 
fiber finely comminuted, no doubt is felt that it represents dung of the 
mammoth or some other herbivorous animal which had been preserved 
in pockets on the surface of the ice where it was probably dropped, and 
and by its dark color attracting the rays of the sun had sunk in, as is 
usual with dark objects dropped on an exposed ice surface. It may be 
reiterated that the bones, as noted byprevious observers, are contained 
in the clay above the ice; never in the ice itself. They are exposed by 
the melting away of the ice face and the consequent fall of the super
incumbent clay, which is afterward disintegrated by the action of the 
waves, leaving the bones exposed on the broad, fiat, muddy beach. The 
remarkably fresh appearance of the bones is amply accounted for by 
the low temperature and dense character of the clay in which they are 
imbedded, in which the animals may have become mired and so perished. 

The report of Dr. Goodridge, which appears to have been prepared 
with great detail, was unfortunately not printed. In some extracts 
from it given by Richardson it is stated that at one of the ice cliff's a 
section was exposed showing 50 feet of pure, clear ice above, and behind 
it layers of drifted material, peat, covered with a thick bed of broken 
sticks and vegetable matter, over which lay a stratum of red river 
gravel, over which lay a bed of argillaceous earth capped by dry, friable 
mold and suTface peat, with the usual turf and herbage. The sticks 
were larger than any growing in the vicinity, but they may have beeu 
drifted from the wooded region of the interior. At another place the 
ice wall was 80 feet high. E. W. Nelson, who visited this locality in 
1881 with the U. S. S. Corwin, also observed such an ·accumulation of 
sticks, and noted that some of them had been gnawed by beavers. 'rhe 
following list of species is mainly extracted from Richardson's report, 
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those marked with an asterisk having been obtained by Dall in 
The nomenclature has been somewhat modernized. 

* Elephas p1·imigenius Blumenbach. 
Elephas coluntbi Falconer. 
Equus major De Kay. 
Aloes americanus Jardine=machlis Ogilby. 

* Rangifm· caribou Baird. 
*Ovibos moschatus Blainville. 
*Ovibos maximus Richardson= 0. cavijrons Leidy. 
If Bison cmssico1·nis Rich.= B. antiquus Leidy. 

Other localities.-Analogous beds of clay, sometimes with vertebrate 
remains, were observed by Beechey's party at the following localities: 1 

On the north shore of Eschscholtz Bay, and also on the west from it, 
on the south shore of Spafarieff Inlet and Good Hope Bay; at Shish
maref Inlet, west-southwest from Cape Span berg; Cape Blossom; north
ward from Kotzebue Sound, at Point Hope; at various points between 
Oape Beaufort and a point 20 miles east from Icy Cape; and near Point 
Belcher, in north latitude 71o. 

From information gathered from several masters of vessels in the 
whaling fleet and derived from experience gained in the effort to dig 
graves for seamen who have died aboard vess~ls on this shore from time 
to time during the last twenty years, it would appear that somewhat 
north of Cape Beaufort the land between the low hills and the sea is low 
and the soil chiefly a sort of gravel. ".At a depth of 2 feet is a stratum 
of pure ice (not frozen soil), of unknown depth. This formation extends, 
with occasional gaps, north to Point Barrow, and thence east to Return 
Reef, where the ice layer is about 6 feet above the level of the sea. It goes 
south at least as far as Icy Cape without any decided break, and is found 
in different localities as far south as Kotzebue Sound." .At Point Barrow, 
near the international station, under the direction of Lieut. P. H. Ray, 
U. S . .Army,2 a Rhaft was sunk to a depth of 37 feet 6 inches, which passed 
through successive layers of mud, sand, and fine gravel, with fragments of 
drift-wood and marine shells, showing here and there large fi'agments 
of pure fresh-water ice, but no continuous stratum of ice-. The forma
tion here was clearly a beach alluvium, and relatively modern, a pair 
of Eskimo wooden snow goggles with a sinew string still attached to 
them being found at a depth of 27-2- feet. The temperature of the earth 
varied from - 5° to + 17.5° F.; below the influence of the external air 
the temperature of the earth was quite steady at 12° F. for nine months. 
The earth was frozen and was extremely hard and tough. Blasts put 
into the side of the shaft blew out without shattering the frozen earth 
around the drill hole. It is probable that excavations farther inland 
might have revealed the ice layer, which at the locality of the station 
did not exist. 

Kowak River ice cliffs.-.After that at Elephant Point, the most r&· 

1 Op. cit. , p. 603. 
'Report of tho International Polar Expedit.ion to Point Barrow, . .Alaska. Washington. House Ex. 

Doc. No. 44, 48th Congr ., 2nd Sess., 1885, 4°; cf. pp. 24, 338, 339. 
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markable exhibition of the ground-ice formation which has yet been 
recognized is situated on the lower part of the Kowak River, which emp· 
ties into Hotham Inlet. The clifl's are situated along the bends of the 
river, which is extremely tortuous, almost exactly due north from Ele
phant Point near where a line drawn from Elephant Point to Deviation 
Peak cuts the Kowak River. They have been illustrated and briefly re
ferred to by Lieut. John C. Cantwell/U.S. Revenue Marine, who dis
covered them in 1884 and revisited them during the following year. 
They are composed of solid ice, covered by a layer of dark colored earth, 
uniformly about 6 feet thick, the whole rising to the height of 15 to 150 
feet, with trees 4 to 8 inches in diameter growing on the surface. Up 
to this point, and for some distance farther, not a stone or pebble was to 
be seen, the bluffs along the river appearing to be composed of clay 
or soft earth, which fell in large masses where undermined by the river. 

THE KOWAK CLAYS. 

At a point on the river in about west longitude 158°, a remarka· 
ble clay bluff, three-quarters of a- mile long and 150 feet high, was 
reached on the left bank of the river. Quantities of mammoth tusks 
were observed in this clay and its debris, where undermined by the 
stream. These clays were doubtless of the same age as those in which 
the mammoth remains are found at Elephant Point over the ice cliffs. 
Their position is significant, being near the lower end of a tract of open 
tundra, below the low divides leading northward to the Noatak River 
and southward to the Selawik Basin, and near where the Kowak River 
enters a defile which 1ater becomes a sort of canyon obstructed by 
rapids. 

Returning to the ice cliffs, during the explorations of 1885 it was 
observed that "for miles along the river in this portion of its course 
these icy cliffs appear and disappear at regular intervals, so that they 
recur in bends that are parallel with each other." An east northeast 
and west-southwest magnetic line drawn through one of the cliffs if 
prolonged will cut all the others as well as the analogous formation at 
Elephant Point far to the southward. "Climbing to the top of one if 
these ice cliff's" Messrs. Cantwell and Townsend pushed their way 
"through the dense thickets of willow and luxuriant growth of grass 
into the interior for about 1 mile where we found a shallow lake about 
a mile in diameter." If the travelers stood still on the peaty soil for 
any length of time "the spongy moss became saturated and soon a pool 
of dark-colored water made our position unten~ble" ( op. cit., pp. 48-49). 
The formationdoesnotextend totheNoatak River, which was explored 
by McLenegan in 1885. 

1 Report on the cruise of the Corwin in the year 1885, by Capt. M.A. Healy, U. S. Revenue Marine. 
Washington. House Ex. Doc.153, 49thCong., lstSess., 1887; cf. Lieut. Cantwell's Report, pp. 48, 49. Also 
Science, Dec 19, 1884. vol. 4, No. 98, "PP· 539, 551-55!; Jan. 30, 1885. vol. 5, No. 104, pp. 92-93; and Oct. 30, 
1885, vol. 6, No. 143, p. 380. 

See also Russell (I. C.) Ice Cliffs on Kowak River, ..Alaska, American Geologist, July, 1890, vol. 6, No. 
1, pp. 49-50, and letter of Lieut. Cantwell, following, pp. 51-52. 
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For these clays, whether independently deposited or found RUJ)erlpOSieGl 
on the ground ice formation, the name of the Kowak clays is S~l"> 1..,~u,...,_ · 

DISTRIDUTION OF FOSSIL VERTEBRATES. 

Other Alaskan localities for the animals associated with the clays 
are the Kotlo River, a stream entering the Yukon from the south above 
old Fort Yukon and close to the Arctic circle; the valley of the Ingln· 
talik River, which empties into Norton Bay, and of the Ulukak River, 
which enterR Norton Sound at Unalaklik. A lake near Nusha.gak is 
stated on Russian authority to afford abundance of similar bones. They 
are reported from the upper part of the Knik or Fire River, which 
debouches into Cooks Inlet; and on the Arctic coast, in latitude no, 
at a point called Skull Oliff, Beechey's party obtained remains of an 
elephant in a clay overlying a low stratum of ice. Wossnessenski col
lected tusks, teeth, and bones of Elephas prirnigenius and E. cohunbi, 
near Topanica Creek, Norton Sound. Other remains of the same sort 
have been picked up on the coast between Bristol and Norton Sound. 
Teeth of the elephant, bones of Bison antiquus, and especially of the 
musk ox, are not rare on the tundra of the Yukon valley, whence speci
mens were brought by Dall in 1868. But the Kotlo and Inglutalik 
rivers have the reputation of affording these bones in extraordinary 
numbers. Along the Arctic coast, east from Point Barrow, where the 
bones and ivory occur frozen into the clays, they are so common as to 
serve the Eskimo carvers for economic purposes. Dall obtained in 
1880 a deep ladle, as large as a child's head, carved, handle and all, out 
of a solid tusk of mammoth ivory by these people. It was said to have 
come from the mouth of the Colvile River. 

Last, but by no means least important, come the discoveries of a 
mammoth tooth on the island of St. George of the Pribiloff group in 
1836, vouched for by Veniaminoff (Unal. 1, p. 106) and of tusks and 
teeth on the island of Unalaska in 1801 according to the report of Dr. 
Stein.1 The Ground Ice formation and the Kowak clayR have been con
sidered here for several reasons. Though the former may be correlated 
with the glacial epoch of cold and the latter with the post-glacial era, 
yet there are certain reasons why this, even if probable, is not inevi
table. 

ORIGIN OF THE ICE AND CLAY FORMATIONS. 

In our ignorance of the chronology of the Alaskan geology it is well 
to consider alternatives. The fact that the Californian marine Pliocene 
indicates a colder sea than do the invertebrates of the Pleistocene and 
that this is confirmed by the evidence of the Oregon and Yakutat fos
sils which we have called Pliocene in this essay, has been already 
alluded to. lt is quite certain that an elevation of the shores of Bering 
Sea and the continental shelf lying off them if carried to 200 feet would 
unite Asia and America; if to 300 feet, would connect the eastern Aleu-

lTrudi, mineral. Obst., St. Petersburg, 1830, pp. 382,383. 
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tians as far as Umnak and the Pribiloff Islands with America; and 
would lay bare an enormous levcl. plain covering the northern half and 
most of the eastern third of the present area of Bering Sea. The dimin
ished body of water which would be left in such a case, in connection 
with the prevalence of the northwest trade Winds over this area, would 
give to this region such a dry climate as characterizes much of Siberia 
and the Yukon valley in Alaska. If the elevation took place at the 
end of the Miocene, as it did in California and Oregon, and as the loca
tion a.nd condition of the Nulato sandstones suggests, and if the great
est elevation were toward the west and gradually diminished eastward, 
we should have conditions favorable for the following results: First, a 
small precipitation with little snow which with extreme cold and an 
almost level surface would be unfavorable to the formation of glaciers. 
Second, the formation by the drainage of the Yukon and other streams 
coming down from the east of vast shallow lakes of muddy water, the 
remnants of which in winter, after the escape of the surplus water, 
might, as now occurs in the same region, freeze solidly to the bottom 
Third, the ice thus formed might to a certain extent persist, e.specially 
if protected from the sun of the short Arctic summer by a deposit of 
clay from the spring freshets. Fourth, with a retm'n of a milder climate, 
though the great mass of this ice might melt and escape with the 
drainage, that in the more northern and colder region, especially where 
protected by the clays, might be to some extent conserved and over the 
clay bogs above it a carpet of Arctic vegetation gradually extend. 

The wandering vertebrates, attracted by the luxuriant herbage which 
we know to flourish in such places, might be trapped in the quagmires 
which the grasses treacherously conceal. Further elevation by afford
ing better drainage would tend to preserve rather than to waste the hid
den stores of ice, while the rivers gradually cutting down theil' channels 
would expose the formation when it lay along their path. 

That the moderate elevations which exist in the region were insuffi· 
cient to start the ice thus formed into motion, and thus inaugurate 
glaciers, may be accounted for on several grounds. First, under the 
assumed circumstances the ice would always be formed on the lowest 
places of the level lowlands, coming there as water, and not as snow 
pressing from slopes. Second, the ice under conditions of very low 
temperature is without doubt much more rigid than at higher tempera
tures and by the hypothesis would more or less thoroughly be incor
porated at its base with the tough and rigid frozen mud upon which it 
formed; in fact the ice and soil would practically form one body, while 
ice formed from snow would always behave more like a body extraneous 
to the soil. Lastly, the very level character of the region would be 
unfavorable to motion in the ice, as at present on the Arctic coast where 
we know the land ice is stationary; while in particular localities, where 
some motion might take place, the character of the Miocene sandstones 
upon which most of it must have rested in the absence of alluvium is 
not well suited to retain any evidence of it. 



268 THE NEOCENE OF NORTH AMERICA. 

These suggestions are offered as a basis for discussion, in COIJtSid1~ 
ering the anomalous geological conditions of northwestern 
until a greater knowledge of the facts may afford a foundation for 
more applicable hypothesis. 

VOLCANIC PHENOMENA. 

It is impracticable to attempt any extended discussion of the TTfll.nnn••A· 

phenomena which have played so important a part in the geological his
tory of Alaska. Much information has been brought together by Grew
ingk, while later observers have added much more to the total. Volcanic 
activitystillcontinues,asevidencedbytherecentformationofanewpeak,I 
the Grewingk volcano, in the immediate vicinity of Bogoslofi~ itself less 
than a century old, and to which Grewingk ~mbsequently became joined. 
It is extremely probable that volcanic action has been long continued 
in this region, from the time of the Triassic granites to the porphyrites, 
andesites, and modern basalts. But from the facts which are already 
known, it seems highly probable that the most profuse and extensive 
outpourings of basaltic and vesicular lava in Alaska, as in Oregon, 
Idaho, and California, were of Pleistocene age, and in less intensity 
have continued subsequently to recent historic times. 

NOTE ON THE MAP. 

Owing to the small scale of the map upon which the notes could be 
laid down, but little more has been attempted than to indicate approxi
mately the localities where the specified rocks occur. Only in the Yukon 
valley and on the peninsula of Kenai has any attempt been made to in· 
dicate the boundaries of the areas represented. 

PLEISTOCENE. 

The epoch of the Pleistocene is practically outside the scope of this 
paper. It might be said, briefly, that it included in Alaska great 
changes of level and marked volcanic activity, much as in the case of 
California. Recent papers by G. M. Dawson,2 W. P. Blake,3 I. C.Rus
sell,4 and G. F. Wright/ bear on this topic and may be consulted with 
advantage. 

I See A new volcano island in Alaska, by W. H. Dall, in Science, .Jan. 25.1884, vol. 3, No. 51, pp. 8!}-
93; and also Geo. Davidson, in Science, Mar. 7, 1884, vol. 3, No. 57, pp. 282-286, also Aug. 15, 1884, vol. 4, 
No. 80, pp. 138-139. Also the report on the voyage of the Corwin in 1885, previously cited, in which 
the new and old islands are illustrated. 

For observations on the ash and lava of this eruption see: 
On Hornblende andesites from the new volcano on Bogosloff Island in Bering Sea, by George P. Mer· 

ril, Proc. U.S. Nat. Mus. for 1885, pp. 31-33. 
The volcanic sand which fell at Unalaska Oct. 20, 1883, by .J. S. Diller, Science, Mar. 30, 1884, vol. 3, p." 

651; and lava from the new volcano on Bogosloff Island, by .J. S. Diller, Science, .Jan. 23, 1885, vol. 5, p. 66. 
2 Transactions Royal Society of Canada, 1890, vol. 8, sec. 4, pp. 3-74. 
a Glaciers of Alaska, in Am . .Jour. Sci., .July, 1867, 2d ser.,vol. 44, No.l30, pp. 96-101, and Notes on the 

geography and geology of Russian America and the Stickeen River, H. Ex. Doc.177, 1868, part2, Wash
ington, 19 pp., 8°. Also, T. A. Blake, "General topographical and geological features of the northwest 
ern coast of America," etc., in Coast Survey Report for 1867, App.lS, E., 1869, pp. 281-290, Washington; 
and W. Libbey, jr., Bull. Amer. Geog. Soc., New York, 1886, 1887, No.4, pp. 279-300. 

4 Notes on the surface geology of Alaska, Bull. Geol. Soc. of Amer., March, 1890, vol. 1, pp. 99-162, 
Washington, so. 

6The Muir glacier, Am . .Jour. Sci., .Jan., 1887, 3d ser., vol. 33, pp.l-18; also, Bull. Soc. AlaskanEthn., 
1888, No. 2, 8°1 22 pp. 



CHAPTER V. 

GENERAL CONSIDERATIONS ON THE CENOZOIC EPOCH ON THE 
PACIFIC COAST OF NORTH AMERICA. 

CALIFORNIA, OREGON, AND WASHINGTON. 

The conditions prevailing on the Pacific coast during later geologic 
time, have been considered by Whitney/ Becker,Z G. M. Dawson,3 and 
J. L. Le Conte,4 from whose publications on the subject the following 
notes have been extracted or condensed. 

Except in certain portions of California, the stratigraphical geology 
is so imperfectly known that all general considerations must be regarded 
as of a merely approximate character. Much still remains to be learned 
in regard to the N eo zoic faunas before us before we shall be in a posi
tion to express positive opinions upon their sequence, faunal peculiari
ties, and especially their relations to synchronous Atlantic faunas. 

Beginning at the south, in California, according to Becker 5-

Both the Sierra Nevada and the coast ranges were above water and underwent ero. 
sion [in the Cretaceous] during the interval between the Knoxville and the Chico 
epochs. Both ranges also sank just before the beginning of the Chico, admitting the 
ocean over a great part of the Coast ranges and over considerable areas at the base 
of the Sierra. Both appear to have risen partially and gently before the Tejon [Eo· 
cene] particularly toward the north; at least the rocks of this epoch as far as is 
known, are confined to the southern extremity of the Sierra and to the Coast ranges 
south of the Martinez. 

A slow subsidence would seem to have taken place before the Miocene, rocks of 
this age extending along the Sierra far to the north of the Tejon localities, while in 
the Coast ranges they lie directly upon the metamorphic at a great number of points, 
clearly indicating for the Miocene a lower general level than during the preceding 
epoch. During the Pliocene very little of either range was below water.6 

Dr. Becker concludes that the information of record necessitates the 
reference of the Sierra and Coast ranges to a single orogenic system. 

The Coast ranges are, and probably always have been, of less altitude than the 
great Sierra, and they have consequently been more extensively immersed, just as 

1 Geological Survey of California; Geology by J.D. Whitney, 1865, vol.1; also, the Auriferous Grav
els of the Sierra Nevada of California, byJ. D. Whitney; Mem.Mus. Comp.Zool., 1879; vol.6,No.1; 
and the Climatic Changes of later Geological times, Mem. Mus. Comp. Zool., 1880-'82; vol. 7, No.2, 4P. 

2Monographs . of the U. S. Geol. Survey, vol. 13, Geology of the Quicksilver deposits of the Pacific 
slope, "'Washington, the Survey, 1888. 4°. 

3 On the later physiographical geology of the Rocky Mountain region in Canada, etc, ; Trans. Royal 
Soc. of Canada. 1890, vol. 8, sect. 4. 4°. 

4 Tertiary and post-Tertiary changes of the Atlantic and Pacific coasts: Bull. Geol. Soc. America, 
1891, vol. 2, pp. 323-330, Rochester, the society. so. 

bOp. cit. pp. 211-212. 
&Ibid., pp. 211-212. 
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would be the case if both were now to sink any given number of thousand 
Between the Miocene and Pliocene periods the Coast ranges also suffered fliRtnrhanNI 

in which at least the western base of the Sierra has not shared perceptibly. 
Sierra, too, has undergone some faulting in which neither the Coast ranges nor 
Basin ranges are known to have shared, but these differences do not appear to me 
cient to counterbalance the important coincidences in the history of the ranges,! 

A great nonconformity certainly exists between the Mesozoic 
ville beds and the Miocene, but none such is found between Chico-
and Miocene. The Miocene, as at New Almaden, contains ab 
pebbles manifestly derived from the surrounding metamorphic 
The post-lVIiocene uplift traced by Prof. Whitney has folded, faulted, 
and broken the Tertiary and newer Mesozoic rocks, as well as the older 
strata upon which these were unconformably deposited, so that it is 
usually far from easy to make out the e:fl'ects due respectively to the 
earlier and to the later disturbances. The earlier was much the more 
violent, but the comparatively gentle post-Pliocene upheaval certainly 
extended throughout the Coast ranges of California and Oregon. 

Whit.ney states that the Miocene and Tejon Eocene seem everywhere 
mutually conformable. Marcou considers that there is an uncpnformity 
between them in the vicinity of Fort Tejon. There would not be any 
necessary reason for supposing that occasional local unconformities 
may not exist coincidently with a general conformity to which so many 
observers have horne witness. 

Becker observes :2 

No sensiLle nonconformity is known to exist between the Tejon and the Miocene, 
yet the distrH.mtion of these two formations appears to indicate a change of level 
at or ncar the period which separates them, for the Miocene frequently rests upon 
the metamorphic rocks without intervention of other beds. During the Tejon these 
areas of metamorphic rock must have been land, and the subsidence must have 
been a gradual one. It may have been more rapid in some loca1ities tb::m in others, 
however, and it thus appears not unlikely that an appreciable lack of conformity 
may yet be detected3 at some point or points between the Tejon and the Miocene. 

Tlle l\1iocene occurs on both sides of the Coast ranges and on the 
lower western flank of the Sierra. It is but sparsely represented in 
the northern part of California on the coast, and has not been recog
nized in the northern part of the valley of California, which appears to 
have been occupied, if ~tall, by fresh water at this period. The marine 
beds are composed in large part of sandstones more or less irregular in 
texture and color, and usually distinctly differentiated from the older 
rocks. A great area, however, is mostly occupied by extremely fine
grained schists. These are associated with bitumen in the southern 
part of the State aud extend up the coast to Santa Cruz and beyond. 
These are uuusually barren of fossils, while the sandstones often con
tain almost incredible quantities of shells. The San Benito valley is 
very remarkable in this respect. 

1 Op. cit., p. 212. 
2 Op. cit., p. 218. 
• .As in the case observed by Prof. Marcou, above cited. 
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The Pliocene of the Coast ranges is rather limited in extent, and lies, 
as shown by Whitney, unconformably upon the Miocene, which is itself 
greatly disturbed. The combination of these facts shows that a great 
uplift took place between the two. As before stated, it is often diffi
cult to distinguish in. detail the effects of this upheaval from those of 
the disturbances which preceded the Chico, and Becker adds: 

Still later uplifts further confuse the structure of the Coast ranges. In certain 
localities " " " these effects can be somewhat satisfactorily compared, and it then 
appears that the Tertiary upheaval, important as it was, was far less violent than 
that which took place near the beginning of the Cretaceous. .,. "' ,. Along the 
western base of the Sierra the effect of the post-Miocene upheaval of the stratified 
rocks is scarcely perceptible. It does not follow that it produced no effect in this 
region; on the contrary the absence of known Pliocene beds from the Sierra foothills 
seems to show i lnlt the range was raised considerably at this epoch, though the 
energy of this movement was insufficient to produce considerable flexure in the beds. 
At the eastern side of the range, on the other hand, the fresh-water Truckee beds 
were thrown into bold folds, their dip reaching 30°. The same upheaval was felt 
throughout western Oregon, where it has the same comparatively gentle character 
as in the Coast ranges. 1 

In Oregon, as in the soutll, the Miocene bays and inlets seem at this 
time to have been definitely shut out from the sea, no marine Pliocene 
being noted in this region except from the western slopes of the extreme 
coast. 

In California, from the southern border of the state both north and 
soutll, marine Pliocene beds have been shown to exist at various points 
in the Coast ranges and along the sbore. The elevation of these beds 
above the present sea level or below it shows extraordinary variations, 
the Pliocene of San Diego well extended through at least 20 feet 140 
to 160 feet below the surface. At Deadman Island, Santa Barbara 
County, Pliocene fossils occur near the sea level. On the Monte Diablo 
range, as elsewhere noted, they have been reported at altitudes of 2,400 
to 2,500 feet above the sea in indurated material. 

At Shoalwater Bay, Washington, marine Pliocene occurs at about 35 
feet above the sea, the fossils exhibiting a boreal facies. If the fo:ssi1s 
collected by Mr. I. C. Russell, of the U. S. Geological Survey, near 
J\Iouut St. Elias, at Pinnacle Pass, be correctly referred to the Pliocene, 
as seems probable, they are there elevated some 5,000 feet above the 
sea. The modifications of the shores which have produced such result~ 
are such as the mind finds it difficult to grasp when it is considered 
that the fossils to a very great extent belong to still surviving species 
of the marine fauna of the coast. 

Of the eruptive disturbances in California incident to this series of 
changes on the eastern side of the Coast ranges the earlic:t, according 
to Beeker, is a pyroxene andesite, which may have accompanied the 
post-1\fiocene upheaval or may have followed it after an interval, prob
ably early in the Pliocene or just before it. It probably was contem-

J l3eckor, op. cit., p. 219. 



272 THE NEOCENE OF NORTH AMERICA. 

poraneous with an orographic change which dammed back the large 
of fresh water which has been termed Cache Lake, in which, ac<~or~r1lnl 
to Becker, at least a thousand feet of lake sediments with fresh-water 
sils were laid down. A few vertebrate fossils, according to Prof. 0. 
Marsh, indicate that the beds represent the clos~ of tlle Pliocene. 
the close of this period another eruption took place, accompanied by 
orogTaphic change which shifted the waters, which are represented 
by Clear Lake, while the lava rests in places upon the older fresh
strata, which have been shown to correspond to the end of the Plio 

From the relation of the eruptive rocks to the sedimentary 
Becker concludes that they are comparatively recent. The an 
rocks appear at Mount Diablo; at Steamboat Springs, Nevada; 
form the mass of Mount Shasta and Mount St. Helens, as well as 
the eruptives about Clear Lake. The basaltic eruptions are later 
much inferior in volume, though more widely distributed through 
region between Clear Lake, San Francisco Bay, and the Panoche Val
ley. Their emission continued well into the recent epoch. 

At the close of the Miocene great masses of soft sandstones were 
elevated and subjected to erosion, which, from the nature of the mate
rial, might be rapid. Becker intimates that the conditions in the Coast 
ranges do not exclude the hypothesis that the relief of pressure due ro 
the rapid erosion of these soft rocks brought about by fusion of the lavas. 

Joseph Le Conte has also touched on this subject.1 His views in 
essentials do not appear to differ greatly from those of Whitney and 
Becker. In brief, he believes that the Sierra was formed at the end of 
the Jurassic, but during the Cretaceous and Tertiary this range was 
cut down to a very moderate height, with gentle eastward and west
ward slopes. The coast ranges were formed at the end of the Miocene, 
and the Pliocene was a period of fluvial erosion. Orogenic changes 
took place about the end of the Pliocene in both ranges, latterly accom
panied by enormous outpouring of the lava and displacement of the 
river courses. These changes did not greatly affect the river courses 
of tbe Sierra region until the lava streams interfered and the faulting 
of the Sierra steepened the western slope. Subsequent continental 
subsidence submerged the deserted channels of the Pliocene rivers at 
the coast and preserved their traces in the sea bottom. Elevation since 
then has been insufficient to restore the old levels, and these channels 
still remain below the sea.2 

The relative heights of the various marine beds and character of the 
deposits, both on the coast and in the interior, as described by Becker 
and Diller, show that the northern and southern parts of California did 
not participate equally in the changes of level, and that the changes 
were probably not altogether synchronous. 

1 Tertiary and post-Tertiary changes of the Atlantic and Pacific ooasts. Bull. Geol. Soc. of .Am, Mar., 
1891, vol. 2, pp. 323-330, Rochester, the society. 

'Op. cit., pp. 325-327. 
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In Oregon the variations in a vertical sense seem to have been less 
marked than was the case in southern California or in the southern part 
of Alaska, while the chaRges on the coast of British Columbia seem to 
have been somewhat intermediate between those exhibited in Oregon 
and those of Alaska. 

BRITISH COL UMBI.A.. 

For information in regard to the British Columbian region, we are 
chiefly indebted to Dr. George M. Dawson, of the Dominion geological 
survey. Dawson's views have appeared in his important paper on the 
Rocky Mountain region of Canada.1 According to him, in the region of 
the fortieth parallel surveyed by King, during the Eocene period many 
thousand feet of beds holding characteristic fossils were laid down in a 
series of lakes between the Rocky Mountains and the Sierra Nevada, 
but no such deposits have been met with in any part of the northern 
Cordillera. The whole sweep of country from· the Laurentian region 
possibly quite to the now submerged edge of the Continental Plateau 
on the Pacific side thus became and continued to be throughout the 
earliest Tertiary an area of denudation, within which, if any small area 
of deposition occurred, the beds formed in these have either been sub
sequently removed or have become concealed by later deposits. The 
main result refer·able to this period of denudation is the first interior 
plateau or peneplain, as Davis has called the proximately level denuda
tion surface thus formed. Extensive though more or less disconnected 
fragments of this still exist. The limits of the Interior Plateau of to
day near coincide with the limits· of the drainage system, which proba
bly discharged in a northerly direction. A good deal of erosion is 
supposed to have occurred before the initiation of Miocene sedimenta
tion. 

By an interruption of the drainage produced in some way, perhaps by 
the post-Eocene disturbances, of which the effects have been noted in 
California, great Miocene lakes were formed in that portion of British 
Columbia lying between the Coast and the Gold ranges. The character 
of the Miocene flora seems to indicate that the land did not stand at 
any great height and that the climate was temperate. The Interior 
Plateau became the seat of a series of lakes of greater or less dimen
sions, some of which were formed later than others. As far northwest 
as the Francis River and quite beyond the limit of the Interior Plateau 
deposits which are referred to the Miocene have been found, and beds 
which are believed to belong to the same stage again occur on the 
Porcupine branch of the Yukon. Lakes which are with some proba
bility referred to the same period also existed in some parts of the 
Columbia-Kootanie valley and in that of the Flatheall River, though no 
definite paleontological evidence of their age has been obtained. 

1 In the notes hero given t.he data bearing on the British Columbian Neocene have been briefly sum
marized from Dawson' I! discussion, op. cit., pp. 3-74.. 

Bull. 84-18 
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Had the conditions remained permanent the lacustrine phase of 
Interior Plateau would have terminated by the filling up of some lake 
basins and the drainage through erosion of the effluent river beds 
others. Before this had taken place volcanic action recommenced on 
a grand scale and in a varied manner, while large areas were covered 
with sheets of lava, which flowed out in great volume. The principal 
centers of action appear to have been aligned along the eastern base of 
the Coast ranges, where some of the old volcanic vents may still be 
recognized. 

According to evidence produced by Becker the great andesite lava 
flow of California took place near the end of the Pliocene and may be 
regarded as terminating that epoch. He shows that the basaltic erup
tions of that region at least are considerably later. Prof. Le Con~ 
believes that the ejection of basalts in Oregon took place earlier, at the 
close of the Miocene or early in the Pliocene.1 The last-named region 
closely corresponds with the interior plateau of British Columbia, but 
here, according to Dawson, the evidence of the blending of the Miocene 
lake beds, with the eruptives is in some places so distinct as to justify 
us in assigning the earliest eruptives to the Miocene period itself. In 
intervals of the periods of eruptive activity lakes or ponds were formed 
and have left their traces. Some of these may yet afi'ord organic 
remains of later date than the Miocene. The recurrence of volcanic 
phenomena during a considerable length of geological time is shown 
by the cutting out of valleys in the basalts and the refilling of these 
by later basalts as in the Stikine region. That volcanic action may 
have continued into the Pliocene period can not be denied, and we 
may add to Dawson's observation that in view of the almost continuous 
action of this sort to the present epoch in the regions both north and 
south of British Columbia on the Pacific coast, it would be most extra
ordinary if it did not. Still no proof of Pliocene eruptions in British 
Columbia has yet been obtained, though owing to the uncertainty which 
attaches to the definition of Miocene and Pliocene on the northwest 
coast and the absence of distinctive physical changes by which a strict 
subdivision of the Cenozoic strata could be established, such negative 
evidence is not of great weight. 

Taken as a whole, in regard to the interior plateau of British Colum
bia, the Miocene was a period of lacustrine sedimentation followed by an 
outpouring of eruptive matter so complete as ('ntirely to obliterate the 
old Eocene and earlier Miocene valleys of which it is doubtful if any 
one has since been eroded in exactly its old course for any considera
ble distance. 

Toward the end of the Miocene, local folding of the strata, volcanic or 
otherwise, took place in various directions, after which without any con
siderable change of the general level, the drainage began to outline an 
entirely new series of river and stream valleys. The general erosive 

1 Am. Jour. Sci., 3d ser ., vol. 19, p. 189, and vol. 32, p. 177. 
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action thus innngnrated was probably long continued and brought the 
iuteriOI plateau again nearly to the base level of erosion. 

The early Miocene valleys, where they may yet be studied, according 
to Dawson, present all the characters of a drainage system which has 
ueenlong maintained und('r stable conditions of the surface. 

At a later time in the Pliocene it is evident, that a very considerable 
and general elevation of the Cordilleran region occurred, bringing it 
considerably higher than it is at the present day. The gradients of all 
the rivers being thus increased, the streams, armed with new power 
of erm;iou, began to cut channels, which, as they were cut rapidly, 
were made both deep and narrow. To this time Dawson assigns the 
cutting out of the deep valleys which now exist as fiords of the coast. 
Admitting that these fiords may have been to some extent locally 
enlarged by ice during the later period of glaciation, their depth is such 
as to convince him that during all the main period of their formation in 
the Pliocene, the land stood relatively to the Pacific about 900 feet 
higher than it does now. 

Important changes in the drainage system of northwest America 
were produced by this Pliocene elevation, and to the subsequent erosion, 
the genesis of the deep preglacial auriferous gravels is assigned with 
much probability. 

The results of Pliocene erosion are geographically very important, as 
the whole effect of subsequent events can be shown to have been rela
tively insignificant and the main features of much of the country sti.l] 
remain much as they were at the close of this epoch. 

On tl1e seacoast it appears probable that as a result of the Pliocene. 
uplift referred to, a belt of low land wide enough to include Vancouver 
Island and the Queen Charlotte Islands was formed. Across this the 
rivers issuing from the Coast ranges cut their way to the sea. 

Meanwhile over the interior, in place of lacustrine sedimentation 
such as King described 1 south of the boundary, Dawson regards the 
known data as indicating for most of the Pliocene a process of reduc
tion by waste. Certain deposits of gravel, sand and silt found in a 
number of places in the districts of Alberta and Assiniboin have been 
named by McConnell the South Saskatchewan grav(•ls. Tlwy rest 
indifferently on various formations and lie beneath the lowest Glacial 
bowlder clays. These deposits have been assigned to the Pliocene on 
the ground that any preglacial beds should be so referred. Their 
material is derived from the antecedent Miocene beds and has been 
rearranged in the beds of streams or lakes. 

It would appear, according to Dawson, that the Pliocene uplift of 
the Cordilleran region of British Columbia did not materially affect the 
interior plateau. This uplift in itself l1e does not regard as sufficient 
to bring about a glaciation, but considers it possible that at the end of 
the Pliocene a second uplift may have taken place, though this has 

• Expl. 40th parallel, vol. 1, pp. 542, 756. 
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probability rather thrun ascertained facts in its favor. If as suggested, 
the Pliocene was terminated by such an uplift with the inauguration of 
glaciation as one of its results (the presence of other factors coinciding 
to promote glaciation being assumed), the interior plateau seems not 
to have participated, but rather to have suffered a possibly compensa
tory subsidence. 

ALASKA. 

Iu Alaska we are chiefly dependent on the information summarized in 
the earlier part of this essay for our knowledge of any changes which 
have taken place. 

Since no marine Eocene beds are known from any part of Alaska, it 
must be assumed that the coasts of the territory which had been elevated 
at the end of Mesozoic time stood at an elevation not less than they do 
at present, and l)robably considerably higher, since the material accu
mulated in the 2,000 to 3,000 feet. of strata of the Kenai group which 
were laid down in the lakes or marshes must have been derived from 
higher ground. At the end of the Kenai period the shores at least 
would seem to have stood at only a moderate elevation above the sea, 
since the marine sandstones of the Astoria group appear conformably 
above them, and all the circumstances indicate for the early Miocene 
only a very gentle alld vertically small depression, as the beds are 
everywhere thin, and toward the south disappear altogether. This 
would point toward a stationary condition in southern Alaska, a mod
erate depression near the peninsula and to the north in the Yukon 
valley a greater subsidence, since there the marine strata are the 
thickest. 

At the end of the marine Miocene the elevation which followed ap
pears to have been somewhat proportional to the previous subsidence, 
i. e., it was greater in the north where no part of the present land sur
face is known to bear any later beds of marine origin, moderate to the 
south, and perhaps on tlie coast of southernmost Alaska and British 
Columbia no very great changes took place, or if there did, most of the 
traces have been since removed by glacial action. 

After the inauguration of the Pliocene, some part of the southern 
coast subsided slightly, and marine beds iudicatiug a moderate depth 
of water were faid down. Later on there was a moderato elevation of 
the same region. At the end of the Pliocene southern Alaska partiei
pated in the throes which agitated the rest of the Pacific border and 
an enormous uplift of the recently formed strata followed, attended or 
rapidly followed by great volcanic activity. Elevation to the north 
was apparently much less marked. 

There does not appear to be any positive evidence of marked verti
cal motion in soutlwn1 Alaska since this time, aud to the north also the 
early Pleistocene appears to have been a time of comparative rest. 
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Later, both north and south el'uptive movement became very active, 
though not necessarily associated with any great changes of level. In 
comparatively recent times a moderate subsidence seems to be probable 
in northern Alaska, though at present there are indications that the 
coast is rising. But local volcanic action has brought about minor 
changes of level in many places, while toward the south denuding 
agencies seem to have had the field almost wholly to themselves. 

In glancing over the appended table it will be observed that the 
entire coast seems to have felt certain vertical motions, while at other 
times action in that sense seems to have alternated more or less along 
the coast. In the present imperfect state of our knowledge, however, 
it would be inadvisable to insist too urgently on the significance of ap
parent changes, of which the details are yet unknown. 



Table indicaUng cond,itiotts existing du1·ing Cenozoic time in 1·egard to changes of level and the p1·evalence of rolcanic endssions on the Northwest cow:tt. 

Epoch. Southern 
California. 

--------------1 I 

British Columbia. 

Coast. Intenor. 
~fu~~~~. I Oregon. I I . I Southern Alaska. I Northern Alaska. 

Upper Cretaceous................ Depressed . . . .. • . . Depressed . . . . . . . . Depressed . . . . . . . . Depressed . . . . . . . . Depressed . . . .. . . . Depressed . . . . . . . . ( 1) 
Tejon Eocene.................... Stationary........ Elevated .............. do .. .. .. .. .. .. . Stationary (1)..... Elevated.......... Elevated.......... Elevated. 
Leaf beds of Kenai . . . . . . . . . . . . . . Depressed ( 1)..... Stationary ( 1).... . Stationary........ Mod. elevation.... Stationary........ Mod. elev......... Mod. elev. 
Astoria Marine Miocene......... Depressed........ Mo<l. depression .. Depressed........ Mod. depression .. Stationary (1) ........ do .... . .. .. .. .. Depressed. 
End of the Miocene .............. Mod. uplift, V .... Gt. uplift, V ...... Uplift, V .......... Uplift, V ......... Gt. eruptions ..... Stationary ........ Uplift. 
Marine Pliocene . . . . . . . . . . . . . . . . . Mod. depression . . Mod. depr . . . . . . . . Mod. depr......... Stationary ( 1) . .... Stationary, V..... Mod. depr......... Stationary. 
Later Pliocene................... Mod. uplift....... Mod. uplift . .. .. .. Mod. uplift .. .. . .. Mod. uplift . .... .. Mod. uplift (1) .. .. Mod. uplift . .. .. .. Stationary, V. 

End of the Pliocene ................. do .. .. . .. .... .. Gt. uplift, V .......... do .. .. .. .. .. . .. Gt. uplift......... Stationary ( 1) .. .. Gt. uplift, V .. .. .. Mod. uplift. 
Early Pleistocene ................ Gt. depr., V ....... Mod. uplift ....... 1 Mod. depr ......•.. Elevated .......••. 

1 

Depressed(?) ..... Stationary ........ Stationary. 
Later Pleistocene................ Gt. uplift......... Stationary ( 1), V.. Mod. uplift . .. .. .. Stationary........ Stationary........ Stationary, V..... Mod. depr., V. 

In this table "depressed" means stationary at a low level; "Mod. depression" that a moderate subsidence occurred; "elevated" means stationary at a high level; 
"Gt.," "Mod." or simply" uplift" that a great, moderate, or other movement of elevation took place; "V," indicates that the period was one of volcanic or eruptive acti"\ity. 
It will be borne in mind that in makmgthe table attention has been concentrated rather on the coastal region and the changes i-ndicated by sediments with fossils, than on 
the more i-nterior country and the changes ill the crests of mountain ranges. 
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Table showing the !lCI'ficalmngc of the Ncocene jol'n~ations of the Pacific coast. 

Miocene . I J>liocene . I 
--c-------_1._ ----r- -

1 I ---------
1 

]'ormatious. 

- -1-
I I 

!- ~-- 1 -- ? ---'---\---- --- 1 
I I --

Astoria group. 
Astoria sandstones. 
Astoria shales. 
Aturia bed . 
Auriferous gravels. 
Cache Lake beds. 

-I 

1 I I - I 
'--1 I 
I 

-1 

Calamite beds. 

· Crepidula bed 

1=~--1 Dalles group. 
- Ground Ice formation. 

I Kenai group. 

- ,--. Kowak clays. 
1---

1 
I Mytilus bed. 

J Nulato sandstones. 

I 
I 
I 

Pnget group. 
Solen beds. 
Unga conglomerate. 

279 



CH ... L\..PTER VI. 

SUMMARY OF OUR KNOWLEDGE OF THE SUPPOSED NEOCENE 
THE INTERIOR REGION OF THE UNITED STATES, CONSIDERED 
BY STATES. 

Many difficulties are encountered in attempting to correlate the 
f.:>rmatiOllS which have been recognized and named in the Great Interior 
.region. Not only are many of the formations imperfectly known and 
iescribed in the literature, and some of them unmapped, but many of 
them are characterized by their local lithologic or stratigraphic pecul
iarities, and the fossils they contain are not of a sort to be depended 
upon as indices of strati graphic position. 

Furthermore, some of the localities have been indicated only in the 
most general manner, so that it has been impracticable to record them 
on the map; and in regard to the age of formations exposed at these 
localities the most eminent authorities are uncertain or di:fler widely in 
their conclusions. Hence the present attempt to present a Rummary of 
what is known is offered with a full appreciation of its imperfections, 
which the compilers have been unable to remedy. 

The States and Territories have been taken up in geographic se
quence, beginning with the region of eastern Oregon and passing east
ward by Idaho, Montana, the Dakotas, south through Nebraska, Kan
sas and Indian Territory, north again through New Mexico, Colorado, 
and Wyoming, concluding with Utah and Nevada. 

OREGON. 

FRESH-WATER TERTIARIES. 

We have already referred to the fact that in northern California old 
lake deposits of· Miocene or Pliocene age have been to a considerable 
extent overspread and concealed by vast sheets of lava. In Oregon 
the sequence of deposition and concealment was practically the same; 
yet, owing to the fact that these lake deposits contain numerous well
preserved and characteristic vertebrate remains, we can speak with 
much more confidence regarding the age of their subdivisions than we 
could of their probable representatives in northern California. 

John Day valley.-Perhaps the most important and interesting lo
cality where these lake-beds are exposed is in the valley of the John 
Day River, a southern tributary of the Columbia. It is clear that the 
Blue Mountains formed the eastern and perhaps southern shores of the 
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lakes whose deposits are now referred to, but their other limits are 
rendered indeterminable by the successive outflows of volcanic rocks. 
The Rev. Thomas Condon discovered1 and first explored these beds, 
but they have subsequently been ·visited by Marsh, Wortman, Stern
berg, and Bendire, all of whom have made extensive collections . 

.Amyzon group?.-The oldest Tertiary deposit of this basin is a series 
of fine grained shales, varying in color from white to reddish brown, 
and containing plant and fish remains. The plant remains have been 
reported upon by Lesquereux in the proceedings of the U.S. National 
Museum for 1888, under the head of "Specimens from Van Horn's 
ranch, John Day Valley, Oregon, collected by Capt. Chas. Bendire, U. 
S. Army" (pp.13-19). The age of the bed whence these specimens are 
derived is said to be "Miocene; probably latest Miocene." Some of the 
fish remains were found to be in a condition sufficiently good for iden
tification. "They include," says Cope, 2 "four individuals which belong 
to a single species of the genus Plioplarchus," P. septemspinosus. This 
author continues: 

As the shales are, according to Condon, below the .John Day beds of the Middle 
Miocene, they can not be the Upper Miocene of the vertebrate scale. PUoplarchus 
has not been found in the Amyzon beds, and the plants of that horizon are, accord
ing to Lesquereux, different from those from Van Horn's ranch. The shale may 
then represent a horizon later than the Amyzon beds, but earlier than those of the 
John Day. In spite of the evidence of the plants, they may be even older than the 
Amyzon beds, since the bed of the Dakota Plioplarchus whitei is not distinguishable 
stratigraphically from the Laramie at its summit, according to Dr. White, a state
ment which I can confirm by personal observation. 

John Day group (~=Truckee group).-This group, according to 
Marsh, J attains an enormous development in the valley under consider
ation. Prof. Cope characterizes its mammalian fauna as follows: "Pres
ence of Nimravidm, Poebrotheriidm, Tragulidm, Elotheriidm, Suidm, 
Muri£lm, and Saccomyidm. Absence of Lemaroidea and Oreodonta, of 
Hystricidre, Felidre, Ursidm, Omnelidm, Equidm, and Proboscidia." Its 
vertebrate remains are numerous and have received much attention 
from Marsh,4 Leidy,5 and Cope/ all of whom agree that the fauna was 
in part contemporaneous with that of the White River group of South 
Dakota. Cope and King,7 moreover, have no hesitation in correlating 
it as a whole with the Truckee beds of Nevada. 

In a recent publication 8 Drs. White and Stearns ba.vo determined a 
few species of land and fresh water mollusks which were found by 

':Marsh, .A.m . .Jour. Sci., 3d ser .• 1875. vol. 9, p. 52. 
2 .A.m. Nat., 1889, vol. 23, p. 625. 
a .Am . .Jour. Sci., 1875, 3d ser., vol. 9, p. 52. 
4 Am. Jour. Sci., 1873, 3d ser ., vol. 5, 409-410; also, A.m . .Jour. Sci., 1874, 3d ser., vol. 7, p. 249-250; also·, 

.A.m • .Tom'. Sci., 1875, 3<lser., vol. 9, p. 242,248,249; ami .Am . .Jour. Sci., 1877, 3d ser., vol.14, p. 248. 
6U. S. Geol. Survey Terr .. 1873, vol.1, p. 210. 
6PrQC . .A.m. Philos. Soc., Dec.1, 1878 (Pal~ont. Bull. No. 30); seo also .A.m. Nat., Dec. 1,1878, p. 833; and 

Bull. U.S. Geol. Survey Terr., 1879, vol. 5, pt.1, pp. 55-67; U.S. Geol. Survey Terr., 1884, vol. 3, bk.l. 
7U. S. Geol. Explor. 40th Parallel, 1878, vol.1, p. 413, 458. 
&U.S. Geol. Surv. Bull. No.18. 
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Messrs. Wortman and Condon associated with vertebrate remains 
Unio condoni and Helix ( Mesodon 1) dalli are described as new to sci· 
ence, while Helix fidelis, Helix perspectiva, and Gonostoma yatesii are 
well known living· forms. The modern aspect of this fauna is indeed 
remarkable when we take into consideration not only its supposed 
synchronism with the m1ique faunas of Fossil Hill, Nevada, and Snake 
River, Idaho and Oregon, but also when we consider what remarkable 
physical changes have taken place in this region since these mollusks 
existed. 

Tnwkee group.-Deposits classified under this head are typically ex
posed in northern Nevada and are supposed by King 1 and others to be 
synchronous with the John Day group of Oregon. The arguments for 
or ag·ainst this view seem far from convincing. Nevertheless, if it is 
admitted that the fresh-water beds of southwest Idaho, to be described 
hereafter, which have furnished specimens 2 of Latia dalli, Melania 
ta.ylori, and Lithasia antiqua, belong to the Truckee group, then it is 
reasonable to suppose that the beds along Powder River, Old Emigrant 
road, and those on the eastern slope of Blue Mountains, Union County, 
all investigated by Condon 3 and found to contain Lithasia a.ntiqua and 
a large Vivipara, may be true representatives of this group. 

Ticholeptus beds.-These beds are known to exist in the John Day 
basin from the notes and collections of J. L. Wortman. They are said' 
to rest upon John Day beds along Cottonwood Creek and contain t11e 
following species: P1·otohippus sp., Hippothm·ium severs·mn, H. sinclai·ri, 
H. occidentale, Anckitherium ulti?num,Dicotylescondoni,Protolabis trans
montanus, llferycochmrus obliquidens, and Blastomeryx borealis. 

"Considerable interest attaches to the discovery of an Anchitherium 
and of a Jllerycochrer·us at this locality, as these genera ally the epoch 
to the John Day period, while Hippother·ium,Dicotyles, and Protolabis are 
Loup Fork genera." 5 Blastomeryx borealis is the only species in com
mon with this and the Deep River, Mont., Ticholeptus bed.6 

PLIOCENE LA.KE BEDS. 

The so-called" Idaho group" of Cope probably extends into eastern 
Oregon somewhat as represented on the accompanying map. The 
statements of King regarding the outlines of his Shoshone Lake in this 
district are exceedingly vague; but Cope states 7 definitely that, of the 
four species of Oottus that have been found in the Idaho beds, one at 
least ( 0. d·ivaricatus) and probably two others ( 0. hypocera.s and pon
tifex) were from Willow Creek, Oregon. These beds, as will be seen 

l U.S. Geol. Explor. 40th Parallel, 1878, vol. l, p. 423. 
liProc. U.S. Nat. Mus., 1882, vol. 5, pp. 99-102, pl. V. 
•Information furnished Mr. Dall by Prof Condon. See discussion of this group under Idaho. 
4Am. Nat., 1886, vol. 20, p. 367. 
6 .A.m. Nat., 1886, vol. 20, p. 368. 
6 Ibid., p. 369. 
'Proc. Phila. Acad. Nat. Sci., 1883, pp.l6Z-16,, 
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under " Idaho," are considered by Cope to be of lower or medial Plio
cene age. 

There is, however, another lake deposit of Oregon which this author 
regards as "very probably the contemporary of that of the Pliocene lake 
of Idaho.m Its locality is not given, but it is said to contain the follow
ing remains: Canis sp., Elcphas or Mastodon, Holomeniscus or Auchenia, 
Aplwlops sp., Hippotherium relict'll/m, and Equns sp.2 "The interest of 
the list consists in the fact that it represents for the first time a fauna 
which 'includes the large true horses and llamas and the three-toed 
horses and Aphelops rhinoceros. The latter forms belong to the Loup 
Fork horizon and the former to the Pliocene, and they have not been 
found hitherto in association in the Rocky Mountain region." 3 

Another lake bed, of more recent date, is that known as the" Fossil 
lake" or "Lone yard" situated about 40 miles east of Silver Lake. It 
forms a slight depression embracing perhaps 20 acres.4 "The depth 
of the formation is unknown, butit is probably not great. It consists, 
first, of loose sand above, which is moved and piled into dunes by the 
wind; second, of a soft clay bed a few inches in thickness; third, of a 
bed of sand of one or two feet in depth; then a bed of clay mixed with 
sand of unknown depth. The middle bed of sand is fossiliferous." 5 

Whitened shells of Oarinifex newberryi Lea, as well as obsidian imple
ments of various degrees of workmanship, are strewn abundantly over 
the surface. Similar implements are represented by Cope as "mingled 
in the same deposit iu undistinguishable relation" with the fossil re
mains of this place. They are in some instances covered by a deposit of 
volcanic sand and ashes to a depth of from 15 to 20 feet. 6 

General discussion of the Eq1,~;us beds.-The numerous vertebrate re
mains in the lake basin just described are regarded by Cope as consti
tuting a typical Equus fauna. Therefore a general review of the history 
and fluctuation of opinion regarding these beds may properly be given 
in this place. 

The term Equus beds was first used to denote a subdivision of the 
geologic scale by Prof. Marsh in an address read before the American 
Association for the Advancement of Science in 1877. No attempt was 
then made to give the geographical distribution of these beds; nor, in 
fact, was much more information imparted than that "our Pliocene 
forms essentially a continuous series, although the upper beds may be 
distinguished from the lower by the presence of a true Equus and some 
other existing genera." On the plate accompanying the author's edi
tion of this address the Pliocene is subdivided into Pliohippus and 

1 Am. Nat., 1889, vol. 23, p. 254. 
2llJitl., p. 253. 

3Ibit1., p. 254. '£hey are, however, associated in the Peace Creek beds of Florida. Cope described 
several Pliocene species from Oregon, collected by Sternberg, in Proc . .Am. Phllos. Soc.,1877, vol. 17, 
pp. 230, 231. No definite localities are given. 

4 Am . Nat., 1889, vol. 23, p. 979. 
6 U.S. Geol. Surv. Terr., 188!, vol. 3, book 1, p. 19. 
• .Am. Nat., 1878, vol. 12, p. 126. 
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Eqn'Us beds, the latter being characterized by the genera Equns, 
and !Jlephas. Since that time these beds have been recognized in 
ington, Oregon, Idaho, California, Nel>r.aska, Kansas, and Texas 
such localities and under such conditions as will be found given 
these several states.1 

According to Cope the fauna of these beds is characterized by 
presence of Glyptodontidm (Mexico), Megathm·iiclm, Eschatiidm; 
genera, Holmneniscus, ][astodon (Mexico), Srnilodon (Texas); 
species, Elephas prirnigeni~ts; Equus, four species; Lutra, Cervus, 
recent species of Thornornys, Arvicola, Castor, Canis,? Horno. 
of Cosoryx, Oreodontidm, Protolabiidm, Raiidm, Cobitidm, Myl.rlf'!!l'rw·-i'" .• , .• ' 
and the fishes of the Idaho beds in general, Castoroides and Arnb 

JYiuch difference of opinion has already arisen regarding their 
Marsh, we have seen, first referred them to the upper Pliocene; in 
he has been followed by Cope, King, and others, the first of whom re
marks: 

As a conclusion of the comparison of the American Equus beds in general with 
those of Europe, it may be stated that the number of identical genera is so largl! 
that we may not hesitate to parallelize them as stratigraphically the same. On the 
other hand the agreement with the South American Pampean formations is so marked 
in some respects as to induce us to believe that the distinction is geographic rather 
than stratigraphic. Believing that the Pampean formation contains too large a per 
cent of extinct genera to be properly regarded, as it has been, as post-Pliocene or 
Quaternary, its characters, both essentially and as a result of the comparison which 
I have been able to make, refer it properly to the Pliocene , It appears, then, that 
the term Pliocene or Subappenine is applicable to the hori?:on of this fauna in 
Europe ::mel North and South America. 2 

G. K. Gilbert,3 however, in Monograph No.1, U.S. Geological Sur
vey, on Lake Bonneville, devotes one chapter to a discussion of the 
"Age of the Equus Fauna" and endeavors to show that it is late Pleis
tocene. The essential points of the arguments he employs to reach this 
result may be thus briefly summarized: 

(1) The three genera mentioned by Marsh, viz, Equus, Tapirus, and 
Elephas, are all credited to the post-Tertiaries, while none are credited 
to the lower Pliocene. " The characterization thus fails to separate 
the Equus fauna from the Pleistocene." 

(2) The post-Tertiary age of the Lahontan beds being well established 
it necessarily follows that Christmas Lake Equus beds are of this age, 
since (ct) the physical history of each has been the same and (b) they 
contain several vertebrate and invertebrate species in common. 

(3) "The abandoned lake shores of Christmas valley and of the 
Lahontan basin, the lacustrine plains below them, and the correlated 
glacial moraines are all of youthful habit, as youthful as the parallel 
roads of Glen Roy and other surface features marking the wane of 
glaciation in Scotland." 

1 See, also, Cope: Rept. U.S. Geol. Surv. Terr .,1884, vol. 3, book 1, p.19. 
'Bllll. U.S. Geol. Surv. Terr., 1~79, vol. 5, :P· 48. 
•op. cit., PP· 393-402. 
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( 4) By comparing the Christmas Lake fauna with European standards, 
it is found that its age falls between the upper Pliocene of the Arno 
-valley and the middle of the Pleistocene of Great Britain. Hence this 
evidence alone might indicate an early Pleistocene age for this fauna; 
it is, however, outweighed by the foregoing considerations. 

Dalles group.-Above the Lonp Fork beds of the John Day basin, 
there is a lava outflow which has furnished the materials for a late 
lacustrine formation, which contains many vegetable remains. 1 The 
material is .coarse and sometimes gravelly, and is found on the Colum
bia RiYer and probably also in the interior basin. Prof. Condon calls 
this the Dalles group.2 It is in turn overlain by the beds of the second 
great volcanic outflow. The exact horizon of this group bas not been 
determined. It may be synchronous with the "Equus beds." 

IDAHO. 

TRUCKEE GROUP. 

In Vol. n, Paleontology of California, Gabb figures and describes 3 

two species of fresh water Tertiary mollusks from "deposits on Snake 
River, Idaho territory, on the road from Fort Boise to the Owyhee min
ing country." These species, Jlielania taylori Gabb, and Lithasia anti
qua Gabb, were said to be associated with a small bivalve, perhaps a 
species of Sphmr·iurn, too poorly preserved to admit of description. 

)\.feek described a Sphcc'i"iwn? idahoensis from " Castle Creek" in the 
Proceedings of the Philadelphia Academy of Sciences in 1870 (vol. 22, 
p. 57) repeating the same and addin~ two figures in 1877.4 This is 
given as a 'fertiary species of the Fossil Hill, Nevada, horizon. To these 
species of southwestern Idaho, Dr. White 5 added one more in 1882, viz, 
Lntia dallii, which is said to have come from" 50 miles below Salmon 
Falls, Snake River," and was associated with Melania taylor·i and Lith
asic" antiqua. 

Much confusion has already arisen concerning the horizon of these 
molluscan forms. This may be stated briefly as follows: In 18i0 Meek 6 

correlated cert~in deposits on Castle Creek, Idaho, with others at Fos
sjl Hill, Nevada, by identifying" Sphmrium? idahoense" from both lo
calities. King having applied the name Truckee group to the beds con
taining this species at Fossil Hill, 7 would presumably include the 
Castle Creek beds in the same group; at least he has been quoted 8 as 
doing so. Dr. White goes still further and states that Gabb's two 
species evidently come from this same geological horizon, hence they 
all belong to the Truckee Miocene. 

1 Am. Jour. Sci., 1879, 3d ser., vol. 18, p. 408. 
2 Am. Nat., 1880, vol. H, p. 458. 
3 Op. cit., p.13, pl. 2, figs. 21, 22. 
4 U. S. Geol. E:x:plor. Expctl. 40th Parallel , vol. 4, pt. 1, p. 183, pl. 16, figs. 1, 1a. 
6Proc. U.S. Nat. ~fus ., 188~ .• vol. 5, p . 100, pl. v , 1igs.l7-20. 
6 l'ror. Pl!ila. Ac. Nat. Sci.,1870, p. 57. Notice that Meek here gives other fossils from" Idaho terri· 

tory." This should read Novalla. See vol. 4, U.S. Geol. Surv. Terr.," Ornitllology andPaleontolo~,y.'' 
7 U . S. Geol. Surv. Terr., 187i:!, vol.1, p . 420. 
'Dr, C. A. Whito: Proo. U.s. Nat. Mue.,1882, vol. 5, p. 00. 
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From Castle Creek and other localities in southwestern Idaho, Cope1 

has described numerous fish remains, referring them all to his "Idaho 
group, or "beds," which he regards as of lower or middle Pliocene 
age. 2 To this same group he refers Meek's molluscan species from 
this creek and from Fossil Hili, as well as Leidy's Jlfastodon rnirijicm 
and Equus excels us 3 from Sinker Creek, Idaho. Accordingly Truckee 
group (King) and Idaho group (Cove) become synonyms. If so, in judg
ing by Cope's determination of the age of the latter, the Truckee group 
must be of Pliocene age. Something of the kind has been suggested 
by Copc,4 though for this he gives Dr. White as authority. 

The fossiliferous deposits here referred to are of limited geographic 
extent, as may be seen by consulting the accompanying map. Igneous 
rocks are met with on all sides. King calls special attention to the fact 
that in southwestern Idaho "there are two sets of Pliocene strata, sep
arated by basaltic eruptions.5 He states, moreover, that-

Sections obtained along the plains between the Owyhee Mountains and Snake 
River show that a considerable portion of the beds of the valley, which consist 
chiefly of white sands and marls carrying numerous well defined Pliocene forms, 
were overlaid by large accumulations of basaltic flow, and that subsequently a sec
ond period of lncustrine deposition took place, likewise characterized by Pliocene 
forms, the latter representing a more advanced stage of development and more re
cent typo than those beneath tho basalt. 

SALT LAKE GROUP. 

By looking at maps 2, 4, and 5 accompanying Hayden's Twelfth Re
port6 it will be seen that certain deposits exposed along the borders of 
Mala de, Cache, Port N euf, Upper Port N euf, and Bear Lake valleys have 
been assigned an upper Tertiary age and have been termed the "Salt 
Lake group." 7 

It seems indeed possible, if not probable, that these various beds, 
which are made up of clays, sands, marls, limestone, and shales,8 may 
have been deposited in outliers of the great Shoshone Lake of King, 9 

and, if so, they are synchronous with the Humboldt group of that 
author. 

This so-called Salt Lake group has yielded few fossils in this part of 
the state. In Utah, however, near "The Gates," Peale has recorded 
numerous genera of fresh-water mollusca, Limnma,, Valvata, Plan01·bis, 
Sphceri'll/m, Bythinella, Phy::;a, Vivipara, 10 etc.; but these furnish no defi
nite clue as to the age of the group. 

J Proc. Phila. Acad. Nat. Sci., 1883, pp. 153-166. 
1 Amer. Nat., 1889, p. 254. 
a Proc. Phila. A cad. Nat. Sci., 1870, p. 67, and 1883, I>· 166. 
4 .A.m. Nat., 1877, 456, et in litt. 
bU. S. Geol. Surv. 40th Parallel, 1878, vol. 1, p. 440. 
6 Mavs and Panoramas: Twelfth Annual Report of U. S. Geol. and Geog. Survey of the Tenitorics, 

1878. 
7 Fourtlt An. Rept. U.S. Geol. and Geog. Survey Terr., 1870, p. 169. 
s Eleventh Ann. Rept. U. S. Geol. and Geog. Survey Terr., 1877, pp. 604-605. 
9U. S. Geol. Explor., 40th Par., 1878, vol. 1, p. 456. 

10 Eleventh Ann. Rept. U. S. Geol. and Geog. Survey Terr., 1877, pp. 604.-60S. 
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The Vivipara, however, if correctly named, is of much interest, 
owing to the fact that it is not known west of the Rockies alive. Its 
occurrence in various places in central and eastern Oregon is referred 
to in the discussion of that state. 

This group is sometimes overlain by Quaternary sedimentary de
posits, as by the Cache group in the valley of that name,I -bnt not un
freqnently it is capped by a bed of basalt as along the low range of 
hills that border the east side of the great Snake Hiver basin, espec
ially from Port Neuf Canyon northw.ard.2 

The beds of this group are generally somewhat inclined, though gen
erally at a low angle, rarely exceeding 10°, and always in the same 
direction as the inclination of the underlying formationsY 

MONTANA. 

NEOGENE LAKE REDS. 

Passing from Idaho, over the "divide" into Montana, beds of Neo· 
ccne lacustrine materials are found well developed in the valley .of Hed 
Rock Creek, one of the head branches of the Jefferson fork of Missouri 
River. These beds are often several hundred feet in thickness, and con
sist for the most part of a 

light gray marl, with concretionary masses, and a sort of pudding stone.4 In these 
concretions are often inclosed masses of basalt, which occur here and there all over 
the conn try. 'Vliile we have the evidence of a period of effusion subsequent to the 
deposition of these lake beds, from the fact that the basalt lies over them, we see 
by these isolated masses frequently that there were other periods either before or 
during the Pliocene. At one locality I found in these lake deposits the fossil re
mains of a species of Anchitherittm5 and a land snail (Helix). The inclination of 
these modern beds is west 5° . 

Fort Ellis beds.-In the vicinity of Fort Ellis Peale describes 6 bluffs 
composed of "Pliocene" sandstones, marls, and conglomerates. 

The strata are for the most part horizontal, although inclined sometimes at a Yery 
small angle, which is never more than 5°. The height of these bluffs above the level 
of the creek is 175 feet. They are remnants of Pliocene formations that once spread 
over the entire valley of the Gallatin and formed the bottom of tho vast lake that 
spread over what are now the valleys of the Jefferson, Madison, and Gallatin rivers, 
reaching to the junction of the three streams. " " " Each of the rivers has cut 
deeply into these Pliocene rocks, and their valleys are the results of the erosion tba.t 
has taken place since the draining of the ancient lake. 

· The "Pliocene" sandstone and marls of the Yellowstone valley are 
capped by basaltic plateaus. 

Deep Greek beds.-Still farther to the east, along Deep Creek, exist 
J Eleventh .A.nn. Rept. U. S. Geol. and Geog. Survoy Terr., 1877, p. 603. 
2 Fifth .A.nn. Rept. U. S. Geol. and Geog. Survey, Terr., 1871, p. 25. 
3 For a description of certain volcanic ash depositM in tllis part of the State, termed "Pliocene sand· 

stone," see .Am. Jour. Sci.,3d ser., 1!l86, vol. 32, pp. 199-204. 
'Hayden, 5th .Ann. Rept. U. S. Geol. and Geog. Survey 'l'err., 1871, p. 33. 
6 Anchitherittm agreBte Leidy. Found in indurated, gray, arenaceous marl, compare(l with ])[ioceno 

forms from Dakota and Oregon. Leidy, U. S. Geol. Surv. Terr., 1873, vol. 1, pp. 251-252. Ibid., p. 323, 
"Miocene1" 

'Sixth .Ann. Rept. U.S. Geol. and Geog. Survoy Terr., 1873, pp.112-113. 
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remarkable deposits of both "Miocene" and "Pliocene" ages. These 
were brought to light by the explorations of Grinnell 1 and Dana, who 
describe them as follows : 

The Tertiary beds found here consist for the most part of homogeneous cream-col
ored clays, so hard as to be with difficulty cut with a knife. The beds are horizontal 
and rest un comforma bly upon the upturned yellow and red slates below. The clays of 
which they are formed resemble closely those found in the Miocene beds at Scotts 
Bluffs, near the North Platte River in Wyoming. The deposits at Camp Baker have 
been extensively denuded and nowhere reach any very great thickness. At a point 
about 3 miles southeast of the post, some bluffs were noticed where the Miocene 
beds attn ir..ed a thickness of 200 feet, and these were capped by 50 feet of Pliocene 
clays, both beds containing characteristic fossils. * * * 

It seems probable that in Pliocene time at least the Baker Lake may have extended 
north to the Missouri River, and perhaps up that stream to the Three Forks, thus 
connecting it with the lake which existed near :E'ort Ellis. 

In 1877 Prof. Cope 2 sent his assistant, 1\'Ir. Isaac, to collect fossil 
remains from thi~:; basin. The results were satisfactory. A consider
able number of species was obtained. Of these Pithecistes brevifacies, 
Brachymeryx feUceps, Oyclopidius simus, 0. heterodon, and Blastomeryx 
borealis were described by Cope in 1877 3, while a complete faunal list 
was given nine years later 4

, which includes the following species: 
Mastodon proavus Cope. CyclOJJidius en~ydinus Cope. 
P1·otohippus sejunctus Cope. Pithecistes b1·evijacies Cope. 
Merycochre1'us nwntanus Cope. decedens Cope. 
Merychyus zygomaticus Cope. heterodon Cope. 

pariogonus Cope. Procan~elus vel PTotolabis sp. 
Cyclopidius simus Cope. Blastomeryx b01·ealis C'ope. 

The horizon represented by this old lake formation is that of the 
Ticholeptus beds of Cope, and is by this author correlated with a some
what similar deposit on "Cottonwood Creek," Oregon, though but one 
species, Blastomeryx borealis, is found at both localities, "a fact which 
indicates some important difference in the horizon, either topographic
ally or epochal." 5 

NORTH DAKOTA. 

WHITE RIVER BEDS. 

Our present knowledge of the existence, characteristics, and distri
bution of Neocene deposits in this State is limited to the following 
letter from Prof. E. D. Cope, read before the American Philosophical 
Society, September 21, 1883,6 dated Sully Springs, Dakota, September 
7, 1883: 

I have the pleasure to announce to you that I have within the last week tlu;covercd 
the locality of a new lake of the White R1ver epoch, at a polllt m thi!l Tern tory nearly 
200 miles northwest of the nearest boundary of the deposit of this age hitherto known. 
The bed.s, which are unmistakably of the White River formation, consist of greenish 

1 Am. ;r our. Sci., 3d ser., vol. 11, pp. 126-128. 
2 U. S. Geol. Surv. Ten·., 1884, vol. 3, book 1, p. XXVI. 

SProc. Am. Pltilos. Soc .. 1877-'78, vol. 17, pp. 219-223. 
'Cope. Proc. Am. Philos. Soc., 1885-'86, vol. 23, p. 359. 
'Cope, Am. Nat., 1886, vol. 20, p. 369. 
• Proo. Am. Philo. Soo., 1883, vol. 21, pp. 216-217. 
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sandstone and sand beds of a combined thickness of about 100 feet. These rest upon 
white calcareous clay, rocks, and marls of a total thickne~s of 100 feet. These prob
ably also belong to the White River epoch, but contain no fossils. Below this deposit 
is a third. becl of urab clay, which swells and cracks on exposure to weather, which 
rests on a thick bed of white and gray sand, more or less mixed with gravel. This 
bed, with the overlying clay, probably belongs to the Laramie period, as the beds 
lower in the series certainly do. 

The deposit as observed does not extend over lOmiles in north and south diameter. 
The cast and west extent was not determined. 

The fossils, which indicate clearly the age of the formation, are the following: 
Pisces: 

Rhi~uastes, sp. nov .... } ................................. . 
Aunnw·us, sp. nov .... . 

2 

Lacertilia : 
sp. indet ....................•............................. 1 

Testuclinata: 
Trionyx sp ............ ! 
Trionyx sp . . . . . . . . . . . . . ......................•.......... 
Stylemys sp .......... . 

3 

Rodentia: 
Castor sp ................................................. . 1 

Carnivora: 
Galecynus gt·egm·ius .... ~ 
Hoplophoneus sp ....... ~ · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · • · · 
? Hoplophonet~B sp .... . 

3 

Perissodactyla: 
Aceratherinrn sp ....... ! 
Aceratljeriunt sp . . . . . . . . .............••..•..............• 
Anchitherium sp ...... . 

3 

Artiodactyla: 
Elotherium, t·amosnm ... 1 
Hyopot'anms sp ........ ) 
Ot·eodon sp ........... . 
O~eodon sp . . . . . . . . . . . . . ...............................•• 
01eodon sp ........... . 
Leptomeryx sp ........ . 
Hypcrtragulus sp ..... . 

7 

Total species ........................................... . 20 
Interesting features of the above catalogue are: The absence of Hyracodon and 

Poebrotherium, so abundant in the beds of this age elsewhere; the presence of fishes, 
not hitherto detected in ;them; and the presence of the genus of tortoises, Trionyx. 
The latter genus has not hitherto been found in our western lacustrine beds of later 
than Eocene age, while they are abundant in our modern rivers. This discovery par
tially bridges the interval. The same is true of the fishes mentioned, which repre
sent the order Ne1natognathi. 

SOUTH D.AKOT.A. 

WHITE RIVEn GROUP. 

During early Miocene or Oligocene times the triangular· area formed 
by the Cheyenne and Missouri rivers and the Nebraska State line was 
occupied by the northern limb of a vast fresh water lake that extended 
southward and westward into Nebraska, Colorado, and Wyoming. To 
this sheet of water King has applied the name of Sioux Lake, 1 and has 

1 U.S. Geol. Ex. 40th Parallel, 1878, vol. 1, p. 451. 
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endeavored to demonstrate its contemporaneity with the" Pah-Ute" 
lake west of the Rockies. Its sedimentary formations now form the 
well known White River group, so strikingly displayed in the" Mall· 
vaises Terres," 1 and from which such vast quantities of vertebrate 
remains have been obtained. 

The subdivision of this group into "beds," and the determination of 
the geographical distribution of each, has been done almost exclusively 
I.Jy Dr. Ji'. V. Hayden. His generalizecl section,2 constructed in 1857, 
must still be considered our most reliable source of information regard· 
ing the general stratigraphy of this region. .Accordingly, that portion 
of it which relates to the Tertiary series is here given in full. 

Vm·tical section, showing the m·der of superposition of the different beds of the Bad Landi 
of White River, so fm· as detm.,mined. 

Subdivisions. Localities. 

~ Gray and greenish gray sandstone, varying from Bijou Hills, Medicine Hills, ~ 'd a very compact structure to a conglomerate. Eagle Nest hills. <l) 

~ ~ 

Ye11owish gray grit, passing down into a yellow B~jou Hills, Medicine Hills, 

6 and light yellow argillo-calcareous mar1, with Eagle Nest Hills, and nu-

l numerous calcareous concretions and much merous localities on south 
'd crystaUim' material, like sulphate of baryta. side of White River; also <l) 

~ :Fossils: Hipparion, MeTychippus, Steneojiber, at the head of Teton River. ~ 
etc. 

~ Grayish amllight ~ray rather coarse sandstone, .Along White River valley on l 'd with much sulp ate of alumina (1) dissemi- the south side. 
<l) nated through it. ~ ~ 

~ Yellowish and flesh-colored indurated argillo-cal- Seen along the White River ..; 
;;.; caroous bed, with touo-h argillo-calcareous con- v-alley on the south aide. ~ 

'd cretions containin~ Testudo, Hipparion, Sten- ~ 
~ <l) 

~ eojiber, 0Teodon, Rhinoce1·os, etc. ~ 

r::: 
Cl'l 

~ 
~ 
!'< 

Yollow and light yollow "'"""••• m•rl, with I On tho oonth oido of WhiW r"1 A ~ z argillo-calcareous concretions and slabs of sili- River. 
r"1 'd ceous limestone, containing well preserved Seen in its greatest thick-0 <P 

~ 0 ~ fresh-water shells. ness at Pianos Spring. 
:a 

0 Light gray siliceous grit, sometimes forming a Seen on both sides of White l 'd compact fine-grained sandstone. River; also at .Ash Grove 
<I) Spring. 0 
~ C'l 

A reddish, flesh-colored, argillo-calcareous, indu- Revealed on both sides of 
rated material, passing down into a gray clay, ·white river an<l through-

p::i containing concretionary sandstone, sometimes out the main body of the ..; 
an aggregate of angular grains of quartz, under- Bad Lands. ~ 

'd laid by a flesh-colored argillo-calcareous indu- ~ 
<l) 

~ P=l rated stratnm containing a profusion of mam-
malian and chelonian remains. Turtle and 
Oreodon bed. 

<i 
Light gray calcareous grit, pa.ssing down into a Best developed at the en- ..; str;J.tum comtose<l of an a~gregate of rather trance of the basin from <I) 

'd coarse granu ar quartz, un erlain bh an ash- Bear Creek. Seen also in ~ 
<l) colored argillaceous indurated bed wit a green- the channel of White River. ~ ~ ish tinge. Titanotherium bed. 

' 

Cretaceous system. 

1 For a vivid description of this region see Owen's Geol. Surv. :Minn., Wis., etc., 1852, pp. 196-1117. 
z Proc. Acad. Nat. Sci. !'hila., 1857, p. 153. 
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The White River group includes but the first four "beds" of this sec
tion,' while bed E, and those above it, belong to the Loup Fork group, 
to· be noticed hereafter. 

The manner in which these beds are exposed along Sage and Bear 
creeks, tributaries of the Cheyenne, as well as along White River in the 
vicin:ty of Wounded Knee Creek, is clearly stated in the itinerary of 
Hayden's journey2 from Bear Peak to Fort Randall, on the Missouri. 

Much detailed information is given regarding the two lower beds of 
his group, which, it will be observed, must necessitate slight modifica
tions in the thickness given to these beds in the general section. 

Exposures about 15 miles above the mouth of Bear Creek, on the left 
side of the Cheyenne, present the following strata :3 

( 1. Light gray indurated clay ...........•......••.. 
Ft. In. 

6 
. . j 2. Seams of gray sandstone ...................... . 

Tltanothermm bed.~ 3. Ash-colored plastic clay with a greenish tinge, 
1 6 

L and a pinkish band of fine grit at the base ..... 30 

Between the Cheyenne and White rivers both Tjtanotherium and 
Oreodon beds are exposed. The following section 4 shows their main 
characteristics: 

Ft. I11. 

( 1. Flesh-colored marl . _. _.. . . . . . . . . . . . . . . . . . . . . . . . . 10 
Bed ................ < 2. Bluish laminated clay with a yellowish tinge ... ) 2 

L 3. Flesh- colored indurated marl.... . . . . . . . . . . . . . . . . 25 
4. Light gray indurated argillaceous grit, forming 

conglomerate of nodules of clay ................ 4-6 
Bed. . . . . . . . . • . . . . . . { 

6. Bluish argillaceous grit...... . . . . . . . . . . . . . . . . . . . 10 

f 
5. Flesh-colored indurated grit . . . . . . . . . . . . . . . . . . . . 20 

Oreodon bed........ 7. Flesh-colored marl.............................. 4 
! 8. Argillaceous grit.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12 
l 9. Flesh-colored marl.... . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
f 10. A light gray calcareous grit passing down into an 

Titanothcrium bed.< ash-coloretl clay, with micaceous and siliceous 
L sandstone at base tinged with a purplish hue .. 80-100 

11. Cretaceous beds Nos. 5 and 4. 

Still farther southward the White River beds gradually disappear 
beneath the overlying Loup Fork deposits, showing in many instances 
that the upper surface of the former must have been extensively eroded 
before the deposition of the latter.5 

No attempt will be made in this place to discuss or even to mention 
by species, genus, or family the vast assemblage of animals which have 
left the record of their existence in the mud of this bygone lake. For 
information on this subject the reader should refer to the following 
works of Dr. Leidy: "Description of the Remains of Extinct Mam-

1 U.S. Geol. Surv. Terr., 1884, vol. 3, Tertiary Vertebrata, p.14. 
2 Trans . .:\..m. Phil. Soc., new series, 1863, vol. 12, pp. 29-33. 
3Jbid., p. 29. 
4 Ibid., p. 31. 
6Trans. Am. Phil. Soc., 1863, new series, vol.12, p, 33, and Jour. Acad. Nat. Sci. Phila., 1869, 2nd seriea. 

vol. 7,p.l2. 



292 THE NEOCENE OF NORTH AMERICA. (BULL.84. 

malia and Chelonia, from Nebraska Territory," 1 ''The Ancient Faunaof 
Nebraska, or a Description of Remains of Extinct Mammalia and Che
Lonia from the Mauvaises Terres of Nebraska," and "The Extinct Mam
malian I!"' a una of Dakota and Nebraska." 2 

Though these beds are so well developed and so well characterized 
by numerous fossil remains, geologists and paleontologists alike have 
assigned them to different horizons iii the Tertiary series. In the 
earlier publications of Leidy & Owen,3 they were known as Eocene beds 
or deposits; later tho unanimous verdict was that these same beds are 
more properly classed as :Miocene ;4 still later Cope reversed this upward 
tendency, showing that several forms were closely allied to the so-called 
Oligocene5 forms of Europe; and lastly Scott maintains that some 
"newly discovered forms strongly confirm the view that the White 
River beds correspond to the Lower Oligocene of Europe. They largely 
increase the number of known correspondences between the White 
River formation on the one haud and the Uinta and Bridger on the 
other." 6 

LOUP FORK GROUP. 

The geographical distribution and lithological characters of the 
various beds of this group are briefly stated in Hayden's generalized 
section given on p. 291. It will receive little attention here, since its 
greatest development and most interesting features are displayed far
ther south in Nebraska. Yet there are a few outliers of this group 
some distance east from the typical Mauvaises Terres that must be 
noticed in this place, viz, Bijou Hills. Concerning them Hayden7 

remarks: 
In the summer of 1853 I ascended one of these hills nearest the river in company 

with my friend Mr. Meek, and from a denuded portion near the summit we obtained 
several fragments of jaws and teeth belonging to two new species of mammals, 
which have been described by Dr. Leidy as Hipparion speciosurn and Mtwycadus 
1wccttus. In the autumn of 1856 I discovered on the denuded summits of the same 
bills Hippm·ion occidentalis and two new genera, Lepta1·cus p1'imus, an animal allied 
to the ncoon, and Me>·ychippus insignia, a remarkable new genus of ruminant horse. 
These remains have all been described by Dr. Leidy in the proceedings of the Phil
adelphia Academy. 

The summits of these hills are capped wit.h a bed of bluish gray, compact rock, 
quite variable in its character. Sometimes it is very fine, not unlike a metamorphic 
rock; again it is composed of an aggregation of pa.rticles of granular quartz, inter-

t Owen's Geological Survey of Minn., etc., 1852, pp, 535-572. 
2Smithsonian Contr. to Rnowl., 1854, vol. 6, Art. 7 . .Jour. Acad. Nat. Sci., Phila., 1869, 2d ser. vol. 7. 

Marsh has also described several new species from the Mauvaise Terres. See .Am . .Jour. Sci., 1874, 3d 
ser., vol, 7, p. 534; 1875, vol, 9, p. 240; 1887, vol. 34, pp, 328, 330, 331, 1890. vol. 39, pp. 523, 524; 1890, vol. 40, p. 
179; 1891, vol. 12, p. 81. Scott and Osborn give no definite localities to tl1e forms they describe or dis· 
cuss from the White River group. Bull. Mus. Com, Zool., Harv. Coll., 1890, vol. 20, No.3. 

3 Owen's Geol. Surv. Minn., etc., 1852, pp. 199, 539, and Smithsonian Contr. to Rnowl., vol. 6, art. 7. 
4F. V. Hayden: Proc. Phila . .Acad. Nat. Sci., 1857, p.153, and Trans. Amer. Phil. Soc., new series, 

1863, vol. 12, p. 105. 
6.A_mer. Nat., 1887, vol. 21, p. 456. 
6Princeton Col. Bull., Nov., 1890, vol. 2, pt. 4, p. 75. 
'Proc. Acad. Nat. Sci. Phil., 1857, p.l57. 
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spersed with a few small water worn pebbles; then a coarse gray somewhat friable 
sandstone. Farther into the interior, capping the summit of the Ion~ hill, this 
rock may be seen in places 20 to 30 feet in thickness. The calcareous grits and marls 
underneath may be subdivided in descending thus: 

First. Yellowish gray grit, with compact fine calcareous concretions. 
Second. Yellowish white calcareous marl, containing great quantities of the com

minuted fragments of bones. 
Third. Compact whitish calcareous clay, with a few vertebrate remains and con

creting limestone. 'l'he aggregate thickness of these beds I could not determine, as 
the sides of the hill were for the most part covered with a surface deposit of consid
erable thickness, sustaining a good growth of vegetation. 

NEBRASKA. 

TERTIARIES OF WHITE AND NIOBRARA RIVERS. 

Stratigraphy.-Under South Dakota we have given Dr. Hayden's 
section of the Loup Fork and White River groups as they are exposed 
along White River and in that state generally. For convenjence in 
reference we here insert the same author's ''vertical section showing 
the order of superposition of the different beds of the Tertiary basin of 
White and Niobrara rivers." 1 

Subdivisions. 

Yellow siliceous marl, similar in its character 
to the loess of the Rhine, passing down into vari
agatcd indnratccl cla~· s and brown-yellow fine 
grits: contains remains of extinct quadrupeds, 
minglecl with those identical with recent ones; 
also a few mollusca, mostly identical with recent 
species so far as determined. 

Localities. 

Most fully developed along 
the Missouri River, from the 
mouth of the Niobrara to 8t. 
;r oseph; also in the Platle 
Valleyandon the LoupFork. 

First, dark gray or brown sand, loose, incoher-~ Covers a very large area on 
ent, with remains of mastodon elephant. etc.; Loup Fork from the month 
second, sanll and gravel incoherent; third, yel- ofKorthBranch tothcsource 
lowish white grit, with many calcareons, arena- of Loup Fork; also in the 
et>ous concretions; fourth, gray sam!, with a Platte Valley. J\.Iost fully 
greenish tinge; contains the greater part of the developed on the Niobrara 
organic remains; fiftl1, deep :yellowish red arena- River, extending from the 
cPons marl; sixth, yellowish gray grit, some- mouth of Turtle River 300 
timt>s quite calcareous, with numerous layers of miles up the Niobrara. Also 
concretionary limestone from 2 to 6 inches in on Bijou Hills and Medicine 
thickness, contain in~ fresh water and land shells, Hills. Thinly represented in 
Snccinea, Limnea, 1 aludina, Helix, etc., closely the valley of ·white River. 
allied and perhaps identical with living species; 
also much wood of coniferous character. 

Usually a coarse grained sandstone, sometimes · Most fully developed along 
heavy heddetl and compact; sometimes loose and the upper portion of Niobrara 
incoherent; varies much in different localities. lU n·r and in therPgiou aronnd 
:Forms immense masses of conglomerat~; al,w l~01·t Laramie. f:;el'n also on 
eontains layers of tabular limestone with indis- / the.WhiteRiveramlon Urind
tinet organic remains; very few mammalian re- , stone Hills. 
mains detected, and those in a fragmentary condi-
tion. Passes gradually into the bed below. 

A <lull, reddish brown, indurated grit, with Niobrara and Platte rivers; 
many layers of silico-calcareous concretions, some- well developed in the region 
times forming a heavy-beu(led, fine-grained sand- of Fort Laramil'; also in the 
stone; contains comparatively few organic re- valley of"'White Hiver. Con
mains. I spimious and composing the 

main part of the diduing 
ridge between ·white and 
Niobrara rivers. 

ll'roc. Phila. Acad. Nat. Sci., 1858, p.148. 

Esti
mated 
thick
ness. 
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Subdivisions. 

VAry fine yellow calcareous sand, not differing 
very materially from bed D, with uumerous 
layers of concretions and rarely organic remains 
passing down into a variegated bed consisting of 
alternate layers of dark brown clay and light 
gray calcareous grit forming bands, of which I 
counted twenty-seven at one locality, varying 
from 1 inch to 2 feet in thickness . 

.A. deep flesh-colored argillo-calcareous indurated 
grit; the ont!lide, when weathered, has the ap
pearance of a plastic clay. Pas!les down into a 
gray clay with layers of sandstone, overlaiJ. by 
a tlesh-colored argillo-calcareous stratum, con
taining a profusion of mammalian anu chelonian 
remains. 'l'urtle and Oreodon bed. 

Light gray fine sand, with more or less calca
reous matter, passing down into an ash-colored 
plastic clay, with lru:ge quantities of quartz grains 
dissemiuated through it, sometimes forming ag
gregated masses Hke quartzose sandstone ce
nwJited with plaster; then an ash-colored clay 
with a gre<>nish ti11ge, underlaid at base by a 
light gray and ferruginous siliceous sand and 
gra,·el with pinkish bands. Immense quantities 
of silex in theform of seams all through the beds. 
Titanotherium bed. 

Cretaceous beds 5 and 4, with their usual litho
logiCal characters and fossils. 

Localities. 

\Vl1ite River, Bear Creek, 
.Ash Grove S~ring, bead of 
Cheyenne Rrver. Most 
conspicuous near White 
River. 

Old W omans Creek, a fork 
of Cheyenne River; also on 
the head of the South Fork 
of the Cheyenne; most 
conspicuous on Sage and 
Bear creeks and at .Ash 
Grove Spring. Well de
velo:ped in numerous locali
ties m the valley of White 
River. 

Old Woman's Creek; also in 
many localities along the 
valley of the Sout.h I!'ork of 
Cheyenne. .Best tleYelop
ment on Sage anrl Bear 
creeks. Seen at Reverallo
calities in the valley of the 
White River. 

Exposed underneath the Ter
tiary bed~ on the Sonth 
Fork of Cheyenne anu its 
southern branches, also in 
the White River Valley 
near its source. 

Esti-

:!r 
neaa. 

Concerning the characteristics and distribution of the beds mentioned 
in the above table Hayden1 gives the following itinerary notes: 

Ascending the Loup Fork, the first indication we observed of this formation was 
near the old Pawnee village, about 8 miles above the mouth of Beaver Creek. Here 
we fonnd, near the bed of the river, large masses of pebbly conglomerate, cemented 
with a calcareous grit, which undoubtedly belongs to bed C of the vertical section. 
The distant hills on either side of the river are covered with a considerable thickness 
of Pliocene and post-Pliocene beds. 

Near the mouth oiNorth Branch the follo,ving section of the strata in descending 
order was observed: 

(d) Yellowish brown laminated argillaceous grit; effervesces briskly 
with lllluiatic acid. 

(c) Similar to the bed above, but of deeper color, more compact, con
taining a greater per cent of clay, with numerous calcareous 
concretions disseminated tl1rough it _________________________ _ 

(b) Light brown clay filled with whitish particles like magnesia. __ _ 
(a) Gray coa.rse sand forming a heavy bedded sandstone reaches to 

the water's edge--····---------··--····- ...•.. ---·------_ .... 

Feet. 

70-100 
70 

30 

In the YJpper beds of the above local section fragments of mammalian and chelo
nian ren:~.lins were found, and all but the lower bed, which is bed E of the vertical 

J Proc. Phila.. .A.cad. Nat. Sci.,1858, pp.150-152. 



DA.IL AJI.'"D ~ 
HARRIS. ) TERTIARIES OF WHITE AND NIOBRARA RIVERS. 295 

section, are Pliocene. Lieut. Warren explored the North Branch 30 miles above its 
mouth, and met witl1 a similar series of beds, containing the same organic remains. 
Above the mouth of North Branch, bed "a" of the local section appears in the form 
of large ledges, of light gray arenaceous limestone, filled with silicified tubes like 
the stems of plants and seeds resembling cherry-stones. On the distant hills, when 
exposed by erosion, I found numerous fragments of bones and teeth of Hippa1·ion, 
Cer-mts, etc. 

About longitude 99° we enter the desolate region of tM sand hills. I measured 
the height of these hills at one locality and found them to be 230 feet above the bed 
ofLoup Fork, and composed of Pliocene beds as a base, then a thin bed of post-Plio
cene marl overlaid by a great thickness of loose incoherent sand and gravel derived 
from the erosion of the different Tertiary beds. The whole country from the head of 
Loup Fork presents a similar character, consisting of movable sand hills, the true 
Tertiary beds being being very seldom exposed. On the South Branch the streams 
cut through the following Pliocene strata: 

(c) Yellowish brown grit containing Mastodon nti?"i,ficus (Leiuy). 
(b) White chalky stratum, charged with fresh-water and land shells of 

the genera Helix, Planorbis, Lintnea, etc., pro baLly identical with 

Feet. 

recent species.................................................. 3 
(a) Heavy bedded gray sandstone .......................... ···-·· .... 8-10 

From the head of Loup Fork to the Niobrara River the whole country is covered 
with this superficial deposit of sand, which is blown by the wind into ridges and 
high conical hills, rendering traveling quite difficult. On reaching the Niobrara, 
we find bed E quite well developed; also a full series of Pliocene beds filled with 
Mammalian remains. Passing up the Niobram about 50 miles the Pliocene strata grad
ually disappear, and the whole country is occupied by the upper Miocene beds E and 
D. A butte near this point affords a fine detailed section of the gray sandstone bed 
E, which measured from the base with a pocket level I found to be 166 feet iu height. 
It is composed mostly of gray, coarse grit, sometimes quite incoherent, containing 
many layers of concretionary sandstone. On the summit is a thin bed of shelving 
limestone, similar to that containing organic remains at Pinau's spring, though prob
ably not holding the same geological position. Indistinct traces of fresh-water shells 
all(l numerous r·emains of fish scales, vertebrates, etc., were visible in the tabular 
masses. It seems to form the upper portion of bed E, and to vary much in its char
acter in different localities. It presents every variety, from a translucent chalcedony 
to a fine grained sanustone or compact limestone. anu furnishes those chalcedonic 
masses which meet the eye of the traveler so often and have the appearance of 
erratic blocks. Farther from the river, and holding a higher position than the sum
mit of the Butte, are thin beds of yellow and yellowish gray calcareous grit, undoubt
edly of Pliocene age, containing numerous fragments of teeth and finely preserved 
bones of the mastodon and elephant. As we pass up the river tho gray sandstone, 
bed E, presents a great variety of lithological characters. Sometimes it forms a. 
coarse conglomerate; then an aggregate of grains of quartz cemented by calca,reous 
matter. 

About 60 miles above the point where we struck the Niobrara, bed D, of the verti
cal section, is revealed to the water's edge. The dip-of the strata toward the cast 
gradually brings this bed to view quite conspicuously. It is compo~ed of flesh-col
ored calcareous grit, and the eroded material of this bed gives to the conn try a dull 
reddish yellow tint. It also contains many layers of silico-calcareons concretions 
forming large ledges which break into irregular masses ou exposure. The more 
incoherent material has much the color anu appearance of that composing the Turtle 
bed at BearCreek, but contains much less clay. It <loes not differ materially from 
its equivalent in the White River valley, of which Eagle Nest Butte forms a part. 
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These notes embody the greater part of an that is known concerning 
the stratigraphic geology of the Tertiary inN ebraska. The limited area 
along Lodge Pole Creek in extreme western Nebraska has been reported 
upon by Cope/ as stated under Colorado, while bed D, referred to 
above, has been studied by Mr. R. S. Hill.2 Numerous articles have, to 

be sure, appeared in various reports and periodicals, giving in some in
stances fairly definite information regarding localities where vertebrate 
remains have been found, but this is still insufficient to form a basis for 
stratigraphic generalizations. 

The geological maps of Hayden, Hitchcock, and McGee represent all 
the Tertiaries of Nebraska by one tint, since the areal distribution of 
the various subdivisions has not been determined. The same method 
must be followed in the map accompanying this report. 

White River group.-The White River group as first defined 3 in
cluded beds A-E of the above section, while the Loup Fork group in
cluded only a bed F; the former was estimated to have a thickness of 
"1,000 feet or more," while the latter was given as '' 300 to 400 feet." 

LOUP FORK GROUP. 

The taxonomy and general features of the White River group have 
already teen given under South Dakota, where its typical development 
is attained. Like features of the f..~oup Fork group will for a similar 
reason be now presented. Bed F (Hayden, 1858, or "Loup River 
beds," Meek and Hayden, 1861) was formerly regarded as" Pliocene 
Tertiary," not only on account of the unconformity between its strata 
a.nd those of the supposed Miocene below, but also because its fauna 
was found to be" specifically distinct from, yet intermediate between 
that of the Miocene and our present period." 4 

This view was unchallenged until1873, when Cope 5 wrote: 

The Loup l!"ork beds, from the greater proportion of the existing genera which 
they contain, display a resemblance to the European Pliocene, but they flifl'er strik
ingly in the greater number of horses and camels which they contain. The smaller 
percentage of existing genera in the Loup Fork beds, with the presence of an oreo
dont (Merychyus), indicates that these also shoulcl be placed ante1·ior to the Pliocene 
of France. 

Later, in 1875 6 he found "that the facies of the fauna of this horizon 
throughout theW est, including as it does Arnphicyon, Dicrocerus, Hippo
theriurn, Aceratheriurn, Mastodon allied to M. angusUdens, etc., more 
nearly resembles the upper Miocene of Europe than the Pliocene of 
that continent." Marsh,7 however, that same year, concluded "that 

l Bull. U.S. Geol. and Geog. Surv. Terr., No.1, 1874, pp.lO et seq. 
2Am. Nat., 1880, vol. 14, p. i41. 
SProc. A.cad. Nat. Sci., Phila., 1861, vo1.13, p. 433. 
4Proc. Phila. Acad. Nat. Sci., 1858, p.157. See also Proc. Phila. Acad. Nat. Sci., 1861, p. 435. 
•u. S. Geol. and Geog. 8urv., Colo., 1873, p. 462. 
& Proc. Phil a. A cad. Nat. Sci., 1875, p. 257. 
'A.m. Jour. Sci., ad ser.,l875, vol. 9, p. 51. 
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most of the upper beds (D and E), 500 feet at least iu thickness, which 
were called Miocene by Prof. Hayden," should, from their fossil con
te_nts, be regarded as Pliocene. Cope,1 in 1876, gave a list of Loup 
Fork genera, showing their stratigraphic position in Europe. This con
firmed his views already expressed. In 1879 he instituted a comparison 
of Loup Fork genera on the one hand and Falunian and Oeningian on 
the other. The conclusion reached by so doing was "the facies of the 
Loup Fork horizon is then a compound of that of the l!""'~alunian and 
Oeningian or Middle and Upper Miocene.-m In the same article he sub
divides the Loup Fork group formation into two divisions on paleon
tological grounds, under the names of Ticholeptus and Procamelus 
beds. The former name was first applied to certain deposits already 
described on Deep River, Montana, which were recognized as having 
more affinity to the White River group than does the "True Loup 
Fork." 

The same subdivisions obtain in vol. 3 (1884) of the Final Reports of 
Hayden's Survey. It is there observed that bed D of Hayden's section 
is the Nebraskan representative of the Ticholeptus bed.3 In a brief 
article in the American Naturalist (1886) entitled ''The vertebrate fauna 
of the Ticholeptus Beds," Prof. Cope states that the horizon repre
sented "is intermediate in all respects between the Middle and Upper 
Miocene formations of the West, as represented by the John Day and 
Loup Fork beds." 4 The same idea is carried out in his paper 5 entitled 
"The Mesozoic and Crnnozoic Realms of the Interior of North America," 
where the Ticholeptus division of the Miocene is given equal taxonomic 
importance with the White River or Loup Fork, though its greater 
affinities to the latter are clearly pointed out. 

Prof. Marsh, as we have seen, in 1875 included the greater part of 
beds D and E of Hayden's section in the Pliocene, i. e., in the Loup 
Fork or Niobrara formation. By referring to the various papers of this 
author, cited below, it will be seen that he, although making no special 
attempt to maintain his position, cites all Loup Fork or Niobrara t:;pe
cies as from a Pliocene horizon. Indeed, in a letter date<l March 11, 
1891, he writes: "The Loup Fork or Niobrara group should be classi
fied as Pliocene and not Miocene." 

Profs. Scott and Osborne, in Bull. Mus. Comp. Zool., 1890, vol. 20, 
·No. 3, p. 65, refer the "Loup Fork mammals" to the "Upper Miocene." 

I U.S. Geograpb. Surv. W.100th Mer., 1877, vol. 4, pt. 2, p. 364. 
2 U.S. Geol. and Geog. Surv. Terr., llull. 5, No. 1,1!:!79, pp. 46-47. 
a Op. cit., p. 18. 
'Vol. 20, p. 367. 
'Am. Nat., 1887, vol. 21, p. 45a. 
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The conclusions of the forc:>going discussion may be 
diagrammatically as follows: 

Miocene. Pliocene. 

lled.A.. Bed B. Bed C. Bed D. Bed E. Bed F. 

'Vhite River Miocene .............................•...........•.• ······1 Loup River 
. . . I . . Pliocene. 

"'Wlnto Rrver M10cene .......•............. : NIObrara or Loup Fork Pliocene ........ . 
White River Miocene ................................................ ··1 Loup Fork 

· 1 Miocene1 'Vhite UiYer Miorcne (Oligocene) ......... Loup ForkMiocene .........•....••...... 
White Rivet· !liocene (Oligocene) .......• Ticholeptus I Loup Fork Miocene ...•.•. 

Miocene. 
"~bite River Lower Oligocene) .....•..•.....•.... Loup ForkMiocene .....•.....•.... 

Hayden's sec
tion of 1858. 

Meek and Hay-
den, 1861. 

Marsh, 1875. 
Cope, 1873. 

Cope, 1884. 
Cope, 1887. 

It seems unnecessary in this place to go into details regarding the 
geuesis of this group. It, like the White River, John Day, Green 
Hiver, or most of the Tertiary formations of the "interior," resulted 
from suceessive sedimentation in an extensive sheet of fresh water. To 
tllis, Kiug has given the name "Cheyenne Lake." 1 Its great area has 
been commented upon by Hayden, King,2 and Marsh.3 though most of 
their personal observations were made to the north of Indian Territory 
or even Kansas. The labors of R. T. Hill4 in Texas and Indian Terri
tory have demonstrated what before was but hypothetical, viz, that 
"Cheyenne Lake" (or whatever name one may choose to call it) 
extended south ward from South Dakota well into the State of Texas. 
Authors of geological maps embracing this part of the country have as 
yet been too conservative with their "Neocene" tints. In fact, the 
area of this particular basin ought nearly to be doubled.4 

PLIOCENE-EQUUS BEDS. 

The Pliocene formation (Equus beds), as understood by Cope, has not 
yet been properly discriminated from the underlying Loup Fork Mio· 
cene 'vi thin the boundaries of the State. The fauuas of the two "have 
probably been confounded." This is the conclusion arrived at by Cope 
fi·om a process of reasoning entirely analogous to that used in this essay 
in determining that both Miocene and Pliocene marine forms are pres
ent in the Upper Tertiaries of South Carolina, because the two have since 
tlleir original deposition been intermingled, and not because the tw~ 
were contemporary or represent a transition from one epoch to another. 
In Oregon and extreme southwest Texas he finds the Equus beds, or 
Pliocene fauna, pure and simple, while in OolorarlQ and New Mexico 
the Loup Fork fauna presents no Equus-bed features. 

1 U.S. Gaol. Explor. 40th parallel, 1878, vol. 1, p. 455. 
2 The Eq uus beds (Pliocene of Cope) are apparently classified by King as deposits of his "Cheyenne 

Lake." 
a .A.m . .Jour. Sci., 1875, 3d ser., vol. 9, p. 52. 
4 .Am. Nat., 1891, vol. 25, p.49. 
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The :first important paper on the paleontology of this State was that 
of Dr. Leidy in the proceedings of the Philadelphia Academy of N atu
ral Sciences for 1858, entitled "Notice of Remains of Extinct Verte
brata, from the valley of the Niobrara River, collected during the ex
ploring expedition of 1857, in Nebraska, under the command of Lieut. 
G. W. Warren, Top. Eng., by Dr. F. V. Hayden, geologist of the expe
dition." 

In this paper he described twenty-three new mammalian forms, and 
determined the identity of four more, with species already described from 
the Bijou Hills horizon of South Dakota. The same author's memoir 
on the extinct mammalian fauna of Dakota and Nebraska, published 
in volume 7 of the Journal of the Philadelphia Academy of Natural 
Sciences, 1869, sets forth clearly all that was known regarding the 
paleontology of this class of animals from this State up to that date.1 

Since then Marsh2
, Cope,3 Scott and Osborn,4 and Leidy5 have occa

sionally described new forms from tb;s State, most of which are from 
near Loup Fork and Niobrara rivers, though the avoidance of mention 
of definite localities is extremely noticeable. 

KANSAS. 

In the year 1861, Prof. Newberry 6 described the" Tertiary basin of 
the Arkansas" as it appears along a section from "Pawnee Fork to 
crossing of Cimarron" and suggested its probable stratigraphic con
tinuity with similar beds in Nebraska. 

In 1876 Mudge 7 described the lithological features of this formation 
in the western pa.rt of the State, and determined its thickness on Prairie 
Dog Creek, Norton County, to be 400 feet. Two years later he mapped 8 

the same and estimated its total thickness to be not less than 1,500 feet. 
Cope, Marsh, Scott, and Osbo~·n have from time to time described or 

identified Loup Fork vertebrate remains from various localities within 
this State, especially from Norton and Phillips counties. 

Robert Hay has recently published two important reports which in
clude discussions of the Tertiary geology of Kansas. The first may be 
found in the Sixth Biennial Report of the Kansas State Board of Agri
culture, 1889, entitled" Northwest Kansas; Its Topography, Geology, 
Climate, and Resources." 

I For a general idea of the vegetation of the Lonp Fork ana White River groups, see "SketclleS of 
the Physical Geography and Geology of Nebraska, " 1880, pp. 225, 241,242. Samuel Anghey. 

2Am . .Jour. Sci. , 3d ser., 1871, vol. 2, pp. 41, 121, 124. Ibid., 3d ser., 1874, vol. 7, pp. 251,252,253. Ibid., 
3d sor.,1875, vol. 9, pp. 246. Ibid., 3d ser., 1877, vol.H, pp. 251, 252,254. Ibid., 3d ser., 1887, vol. 34, p. 326. 

3 See "Paleontological Bulletins" Nos. 14, 15, and 16; no definite localities given. .Also, Bull. U.S. 
Geol. Surv. Terr., 1881, vol. 5, No.1, p.176. II.Jid., 1881, vol. 5, No. 2, pp. 370-389 . .American Naturalist, 
1890, vol. 24, pp. 950, 951, 1067. Ibid., 1891, vol. 25, p. 48. 

4Bull. Mus. Cornp. Zool. IIarvard Coli. , 1890, vol. 20, No.3. 
&U.S. Geol. Surv. Terr., 1873, vol.1, pp. 227,252,260. 
• I ves' Colorado Expl. Exped., pt. 3. Geol. Rep. , p . 109. 
7Bull. U.S. Geol. and Geog. Surv. Terr., vol. 2, pp. 212-213. 
8 First Bienn. Rep. Kansas Board of Agric., 1S78, p. 47. 
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The Tertiary group is here divided into "Miocene grit" which " 
considered to be the Lonp Fork of Nebraska," and the "Pliocene marl 
which is "probably identifiable" with the Equus beds. 

Contrary to the observations of Mudge, Hay finds that the 
beds have a decidedly eastern dip. Moreover, the total thickness 
these beds along a section from Glasco to the Colorado line he repre
sents as being not over 500 feet. 

The second report by Hay constitutes Bulletin 57 of the U. S. Geo
logical Survey, 1890-" A Geological Reconnaissance in Southwest
ern Kansas." In this report he says: 

Two apparently distinct formations of Tertiary age have been found in all parts of 
the region explored. Occurring in isolated patches in the eastern part of the area, 
they are more largely developed as we proceed westward, where they are of such 
thickness and so related to the previous erosion as to completely hide all other forma
tions from view. Feeling sure of the identity of these formations with similar de
posits in northwestern Kansas, I am inclineu to use the nomenclature of Prof. 
Cope, and call these respectively Loup Fork (Miocene) and the Equus beds (Pliocene). 
But having regard to the extensive area over which the beds are developed and the 
comparative infrequency of fossils in the latter formation, I deem it best to designate 
them by purely provisional names and leave others to fix them more specifically 
when they have been examined over the whole region of the Great Plains ancl their 
SILbdivisions made ont. These Tertiary formations then we name in ascending order: 
((t) The Tertiary grit; (b) The Tertiary marl. 

The Tertiary grit.-The first named division is made up of a mortar
like substance, composed of lime and sand which frequently incloses 
pebbles of quartz, feldspar, diorite, greenstone, etc., and sometimes 
contains fine siliceous Yolcanic matter. .Again, the limy matter 
almo~t disappears and a coarse, pebbly conglomerate is found. This is 
stratigraphically above the limy beds. The under surface of the Ter
tiary grit is very irregular owing to the unevenness of the Permian, 
Jura-Trias, and Cretaceous surfaces-upon which it has been laid down. 
For its geographical distribution, see map accompanying Hay's report. 

The Tertiary marl is arenaceous, argillaceous, and calcareous in tex
ture, and is in most cases readily distinguishable from the mortar grit 
and the loess. Its color is very uniform. It is a bufl:' marl everywl1ere. 

This formation rests upon the eroded surfaces of the Permian, Jura
Trias, Cretaceous, and Tertiary grit. 

It forms the dead level of the high prairie between the great rivers, thinning off 
toward their valleys, but following the slope of the tributary dales. This thicken
ing on the high prairie is manifest in almost every county-Barber, Pratt, Edwards, 
Meade, Ford, Hamilton, Seward, Scott, Graham, Norton-from Indian Territory to 
tl:Je Nebraska line. Wells pierce it in most of these counties over 100 feet, and in 
Meade C0unty anu in Gral:Jam from 140 to 180 feet, before the grit is reached. 

For its areal distribution see map accompanying Hay's reJ>ort. 
Mudge 1 and Hay 2 mention the occurrence of mastodon, rhinoceros, 

turtle, and other bones in beds of the Loup Fork horizon. The former, 
however, mentions having found a three-toed horse in a deposit but 10 

J Bull. U.S. Geol. Surv. Terr., vol. 2, p. 213. 
~Bull. U.S. Geol. SUl·v., No. 57, 1890, p. 34. 
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feet above the Cretaceous, in Ellis County, which may, in his opinion, 
denote a lower horizon for that locality. The occurrence of Limnophysa 
capm·ata is noted by Hay from near Kiowa Creek. The new vertebrate 
species from this horizon have been described mainly by Profs. 
Oope,I Marsh,2 Scott, and Osborn.3 

INDIAN TERRITORY. 

That N eocene beds exist in the northwestern prolongation of this Ter
ritory might readily be inferred from their distribution in adjacent partH 
of Kansas, New Mexico, and Texas. This inference is placed beyond 
cavil by the observations of Prof. J. S. Newberry, made in 1859.4 He 
says: 5 

The geology of the region lying between the Enchanted Spring and Cottonwood 
Spring is similar throughout. The rocky basis of the country is formed by the lower 
Cretaceous sandstone, covered here and there with patches of white tufaceous Ter
tiary limestone. 

A section at Cedar Spring shows the following strata: 

Feet. 
(a) 1ertiary: 1. White, chalky, tufaceous limestone, with hard, gray, compact 

bands . - ---- . -- - .. ____ .................. - ..... _ ..... _ ..... _ 15 
2. Cream-colored, spongy, tufaceous limestone (similar t() that on 

the Arkansas and Cimarron) ............ _. ____ . __ . ___ . ____ . 40 
(b) Cretaceous: 1. Yellow fine-grained samlstone, etc. 

From Cedar Spring to McNees Creek the road passes over a high prairie underlain 
by Tertiary limestones. At McNee's Creek the Tertiary rocks are cut through and 
the Cretaceous series freely opened. No fossils were found here, but the rock is 
generally similar to that at Cedar Spring. 

NEW MEXICO. 

Galisteo group.-In New Mexico, the sedimentary N eocene formations 
may be classed in two groups, viz, the Galisteo group and the Santa Fe 
marls. The former term was, in a slightly modified form, applied by Dr. 
Hayden iu 1869 to a series of sandstones outcropping along a creek by 
that name in the central part of the Territory. They were then regarded 
by him as of ''Middle Tertiary" 6 age; later he correlated them with the 
Wasatch Eocene,7 while Prof. Cope found them to be Cretaceous.s The 
observations of J. J. Stevenson show that two very different deposits 
may be referred to in Hayden's original description of this group. The 
one found on the south side of the creek he regards as J..Jaramie,9 while 

J Bull. U.S. Geol. Sun·. Terr. , 1878, vol. 4, pp. 382-385, 392. Proc. Am. Philos. Soc., 1877-'78, vol.17, PP· 
224-225. (Am. Nat., 1880, vol.14, p.141). Am. Nat., 1886, vol. 20, p.1045. Am. Nat., 1887, vol. 21, p.1020. 

2 Am. Jour. Sci., 3d ser., 1887, vol. 34, p. 325. 
3 Bull. M:us. Comp. Zool., 1890, vol. 20, No.3, p. 70. 
4 Exploring Expedition from Santa Fe to the Junction of Green and Grand Rivers, 1859. Macomb. 

(Published 1876.) Geology by Prof. Newberry. 
'Op. cit., pp. 30, 31. 
6 Prelim. Field Rep. U. S. Geol. Surv., Colo. and N.Mex., 1869, p. 90. 
7 Am. Nat., 1878; vol. 12, p. 831. 
s Proc. Phila. Acad. Nat. Sci., 1875, p. 360. 
9 U. 8. Geog. Surv. W. 100th Mer.; Suppl. 1881, vol. 3, p.159. 



302 THE NEOGENE OF NORTH AMERICA. 

the other, lyin g to the north is of much later origin. 1 This a 
accordingly, restricts the use of the term Galisteo group to the latter 
newer deposits. .A. typical development of the same may be seen on 
Galisteo Creek, as follows: 2 

Feet. 
Trachyte breccia .................... - ...... - . . . . . . . . . . . . . . . . 150 
Soft light gmy sandstone .................... ---- .... ----.... 40 

For some distance along the northern banks of this creek both these 
subdivisions are well exposed. Their areal distribution is represented 
on sheet 3, accompanying U. S. Geog. Surv. W. 100th Mer., Suppl., 1881, 
vol. III. 

According to Stevenson, this group "can not be older than early 
Miocene or newer than early Pliocene." 3 It is seen to rest unconform
ably on the Dakota group; it was undisturbed by the trachytic out
bursts which "caused frightful contortions of the Laramie beds."l 
Upon it lie the Santa Fe beds unconformably. It "certainly antedates 
the great flow of basalt." 3 

The Santa Fe mm·ls were named and described at some length by 
Hayden in 1869.4 He characterizes them as "mostly of a light cream 
color, sometimes rusty yellow, and sometimes yellowish white, with 
layers of sandstones varying in texture from a very fine aggregate of 
quartz to a, moderately coarse 1)udding stone." They reach a great 
thicknegs north of Santa Fe in the Rio Grande Valley, from 1,200 to 
1,500 feet/ and have a tendency to weather into the monumental and 
castellate forms of a J\Iauvaise Terre. Their areal distribution in this 
valley may be seen on sheet 3 of the work already referred to. 

To the east of Rio Grande Valley, similar beds were long since observed 
by Dr. Newberry~ "lying along the eastern bases oft he mountains," and 
"filling depressions or excavations in the surfaces on which tl1ey were 
deposited." 6 Stevenson says: "This tufaceous limestone," which he 
refers to the Santa :Fe group, occurs in many small patches at many
localities south and east from the mountainous area. Evide11tly it is 
very thick in the Pecos Basin near the village of Pecos, and it was ob
served also on Vaca ·Creek at Las Colonias. Small patchru were seen 
near Las Vegas, and an extended area lies between the Canadian hills 
and the Mora Canyon, reaching westward to beyond Fort Union. Frag
mentary exhibitions were seen much farther north." 7 

The great development of these marls to the south and west of Santa 
Fe was first pointed out by Cope in 1883. He wntes 8 as follows: 

In descending the IUo Gramle, beds appear on the west sicle of the river which 
strongly resemble those of Santa Fe. They extend along the eastern base of the 

1 U. S. Geog. Surv. W. 100th Mer.; Suppl. 1881, vol. 3, p. 161. 
2Thid., p.159. 
3Jbid., p.162. 
4Prelim. Rep. U.S. Geol. Surv., W.100th Mer., 1869, p. 66. 
•Prelim. Rep. U.S. Geol. Surv., Colo. and N. Mex.,1869, p. 69. 
GExpl. Exped., Santa l!'e, .Tunc. Green and Grand Rivers, 1859, p. 52. 
7 U. S. Geog. Surv. W. 100th Mer., Suppl. vol. 3, 1881, p.163. 
BProc. Am. Philos. Soc., vol. 21, pp. 308-309. 
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Magdalene Mountains, aml as far south as Socorro, in considerable extent and thick
ness. South of Socorro they appear, hut less extensively. The eastern part of the 
plain which lies between the Rio Grande and Mimbres Mountains is composed of 
beds of this age where cut by the grade of the Atchison, Topeka and Santa Fe Rail
road, west of Hatch Station. w·est of the Mimbres Mountains the valley of the river 
of the same name is filled with debris of the bed of eruptive outflow which covered 
the country as far as traversed by the railroad from Deming to Silver City. Jt.s age 
I could not ascertain. 

A great display of Loup :Fork formation is seen in the drainage basins of the heads 
of the Gila R.iver. In traveling westward from Silver City, its beds first appear 
in the Valley of Mangus Creek, which enters the Gila from the east. Crossing the 
Gila, the mail route to the west passes through the valley of Duck Creek, which flows 
eastward into the river. Though bounded by eruptive hills and mountains and their 
outflows, the valley was once filled with Loup Fork beds, which have been exten
sively eroded, the principal exposures being on the north side of the vaJley, forming 
the foothills of the Mogollon Range. On the divide between the waters of the Gila 
and San Francisco rivers, the formation rises in blufl's of 300 feet elevation. The 
descent into the Yalley of the San ]<'rancisco brings to light a still greater depth of 
this deposit. The valley which extends from the canyon which incloses the river south 
from the mouth of Dry Creek to the Tulerosa Mountains on the north, and between the 
Mogollons on the east and the San Francisco Range on the west, was once filled with 
the deposits of a Loup Fork lake. This mass has been reduced by the erosive action 
of the San Francisco and its drainage to a greater or less extent, as it has been pro
tected by basaltic outflows or not. When so protected the river flows through com
paratively narrow canyons. 'Vbere the outflow is wanting, the valley of the river is 
wider, and the Loup Fork formations remain as wide grassy mesas, which extend to 
the feet of the mountain ranges. 

As early as 1861 Newberry1 expressed himself as being" inclined" 
to refer "the white tufaceous limestones of the Rio Grande Valley" to 
the same horizon as those of the .Arkansas River basin. Hayden in 1869 
says,Z referring to his Santa Fe marls: 

They are doubtless of the age of Upper Tertiary and synchronous with the upper 
beds of the White River group as seen along the North and South Forks of the Platte 
and near Cheyenne. 

In 187 4 the horizon of this formation was definitely established by 
Cope,3 who found them to contain well known and characteristic Loup 
Fork vertebrate remains. 

For information upon the paleontology of this group the reader should 
consult: 

Leidy, Proc. Phila. Acad. Nat. Sci., 1872, p.142. 
Cope, Proc. Phila. Acad. Nat. Sci., 1874, pp.147-152, 221-223. 
Ann. Rep. Chief of Engineers, 1874, pt. 2, pp. 603-607. 
Ann. Rep. Chief of Engineers, 1875, I,t. 2, pp. 988-996. 
Proc. Phila. Acad. Nat. Sci., 1875, pp. 256-258,261,262,271. 
Proc. Phila. Acad. Nat. Sci., 1876, p.144:. 
U.S. Geog. Surv. W.100th Mer., 1877, vol. 4, Paleont., pp. 20, 365. 
Proc. Am. Philos. Soc., 1883, vol. 21, p. 309. 
Proc. Phila. Acad. Nat. Sci., 1883, p. 301. 

lives's Rep. on Col.Riv.ofWest, 1861, pt.3, Geology,p.109. 
:t Prelim. Rep. U.S. Geol. Surv. Col. and N.Mex., 1869, p. 90. 
•Ann. Rep. Chief of Engineers for 1874, Appendix FF, p. 127. 
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COLORADO. 

Formations of post-Eocene Tertiary age, so extensively developed 
the Great Pla.ins east of the Rockies, as well as in the Great Basin 
the west, are found only in patches of limited dimensions within the 
boundaries of this State. Of these, some have been referred to this 
section of the geological scale from the evidence afforded by their fos
sil contents, while others are only provisionally so referred from sup
posed stratigraphic relations or lithological resemblance to deposits of 
known horizon. The former class is mainly confined to such areas as 
were occupied by Sioux and Cheyenne lakes as defined by King, while 
the latter includes the Monument Creek group in part, and the com. 
paratively recent sedimentary deposits of the "parks" in the central 
and north central part of the State. 

LOUP FORK AND WHITE RIVER GROUPS. 

The watershed between Lodge Pole Creek and South Platte River 
presents not only surface accumulations and Laramie beds, but also 
deposits known from their fossil contents to belong to the Loup Fork 
and White River groups. These were traversed by Hayden in 1869 
while en route from Cheyenne to Denver; but his notes1 on the same 
are very meager. Their fossil contents and true stratigraphic relations 
were first brought to light by Prof. Marsh,2 who in 1870 traced them 
from Little Crow Creek, past Chalk Bluff's, northward into Wyoming, 
collecting in the meantime characteristic Mauvaises Terres or White 
River fosRils. In 1873 Prof. Cope visited this region, worked out the 
stratigraphy with considerable detail, and made extensive collections of 
vertebrate remains. His generalized section extending from Chalk 
Bluff's south"\vard along Horse Tail Creek is given as follows: 3 

FIG. 43.-Section in eastern Colorado. (After Cope.) 

Bed A is a white, calcareous, soft clay rock, breaking into angular 
fragments. Bed B has a similar mineral character, frequently with a 
red color of diff'erent obscure shades. Bed Cis a sandstone of varying 
persistence. Bed Dis a white, argillaceous rock like that of bed A. 
These four beds constitute the White River group as here represented, 
which, according to Cope, has at this place a thickness of several hun-

I 3d Ann. Rep. U.S. Geol. Surv. Terr, 1869, pp.ll-16. 
2 .Am. Jour. Sci., 3d ser., 1870, vol. 1, p. 292. 
1 Rep. U.S. GeoL Surv. TeJ:r., 1884, vol.3, ''Tertiary Vertebrata," p.l6. 
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dred feet. Above, and including beds E, F, G, H, is the Loup Fork 
group, which consists of alternating hard and soft layers of sandstone. 
Its thickness is given by Cope as not over 75 feet, of which the softer 
beds are the lower and vary in depth from 1 foot to 20. The superior 
strata are either sandstone conglomerate or a coarse sand of varying 

·thickness, the former of which contains white pebbles and rolled mam
malian remains. 

Between the White River and Laramie groups there is but little 
angular unconformity/ while the line of demarkation between the 
White River and Loup Fork gToups 2 is mainly determined upon paleon
tological evidence. 

The sum total of the Tertiary strata here represented is, according to 
King,3 about 700 feet, of which the "Miocene" includes the lower 300 
feet,4 while the" Pliocene" includes 5 tlie remaining 300 or 400 feet. 

For information regarding the vertebrate paleontology of this region 
the following articles and reports by Prof. Cope should be consulted: 

Third Notice of Extinct Vertebrata from the Tertiary of the Plains. Paleont. 
Bull. No. 16, August, 1873. 

Synopsis of New Vertebrata from the Tertiary of Colorado, October, 1873. Printed 
as an advance extract from the 7th Ann. Rep. U.S. Geol. Surv., in which, however, 
it failed to appear. 

Report on the Stratigraphy and Pliocene Vertebrate Paleontology of Northern 
Colorado. U. S. Geol. Surv. Terr., Bull. No.1, 1874. 

Report on the Vertebrate Paleontology of Colorado. 7th Ann. Rep. U. S. Geol. 
Surv. Terr., 1873, chapter 4, pp. 461-533.'; 

Tertiary marl.-Passing now in a southeasterly direction to the head
waters and tributaries of Republican River, Loup Fork beds, and those 
of more recent deposition are found well displayed as represented on 
the map. South of these in turn, the so-called "Tertiary marl," whose 
distribution in southern and southwestern Kansas Mr. Hay 7 has 
recently determined, doubtless passes across the state line and extends 
·some distance up the Arkansas Valley8 :),nd over the broad plains on 
both sides; as yet, however, its distribution is wholly unknown. 

PLIOCENE BEDS. 

The Pliocene deposits of limited geographical extent southwest of 
Pueblo, according to Hills 9-

Have their greatest development on the southern slope of the divide separating 
the drainage of the Muddy Branch of the Huerfano from Grape Creek and Wet 

J King, Ex. 40th, Par., 1877, vol. 1, p. 409. 
2 Ibid., p. 426. 
• Explor. 40th Par., 1877, vol1, p. 410. 
'Ibid., p. 411. 
s Ibid. , p. 426. 
6The Princeton expedition of 1882 made a collection at Chalk Bluffs. .Among the material so col

lected Scott discovered a new species of Didelphys (D. pygmrea). See Am. Jour. Sci., 3d ser., 1884, 
vol. 27, pp. 442-443. 

7 This is in accordance with Newberry's observations made in 185!) (Geol. Rep. Explor. Ex:ped. frolll 
&nta Fe to Junction of Grand and Green rivl-)r s, 1859 ; pub.1876, p. 25.) 

s Robert IIay : Bnll. No. 57, U.S. Geol. Snrv ., 1800. 
'l'roc. Colo.1:ici . Soc .. 1888, vol. 3, pt. 1, p. 161. 

Bull. 84--20 
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Mountain Valley. The maximum thickness of the beds was estimated to be 
700 and 800 feet. Loosely aggregated coarse conglomerates and sandstones 
inate in the lower half of the series, and fawn or buff colored compact marls, 
times sandy, in the upper half. The basal conglomerates are distinguished 
c•mglomerates of the Eocene in being composed of much coarser material 
containing a greater number of eruptive pebbles and small bowlders rep,res,enti_. 
varieties common to th~ more recent eruptive outflows. One · 
glomerate situated some distance above the base of the series contains cle:ava•ble oMi 

cite as a cementing material. This bed is exposed on the south side of the 
near the Gradner and Silver Cliff Road. 

The Pliocene exposures have but a limited geographical extent in the 
of the country examined, being mostly confined to the vicinity of the Grape 
divide and to small isolated areas of the basal conglomerate occurring in 
neighborhood of Greaser Creek and Poison Canyon. A remnant was also 
resting on the eroded surface of the Colorado shales as far east as the southern 
the two black buttes near Silver Mountain. 

The deposits were traced northeasterly to the head of Cottonwood Canyon, 
branches of Williams Creek north of Promontory Bluffs, and for a short 
southwest of Muddy Creek, but toward the northwest, or in the direction of 
Mountain Valley, they soon disappear under accumulations of heavy glacial 
This takes place near the top of the divide referred to, where the greatest -t.h1t>.Jcn,_ ' 

of Pliocene strata is developed, indicating that the beds underlie the 
considerable distance in the direction of Grape Creek and Silver Cliff. The 
tion is observed nowhere more than a few feet in the hundred, less generally 
the slope of the land surface in the Huerfano Valley. A nonconformity of about 
exists between the basal conglomerate and the upturned Eocene on Poison 
and Greaser Creek, but elsewhere the points of contact with the Eocene are 
exposed. Great nonconformity with the Colorado was observed on the south 
side of Muddy Creek. 

Between Muddy and Turkey creeks there exists 1 detached deposits of volcanic ash 
consisting of flat, angular particles of glass, which rest directly on the marls of 
Huerfano beds, and from the vertebrate remains found in them are evidently ofPli· 
ocene age. They are usually overlaid by beds of coarse sand clay, and in a few 
places ~y ancient deposits of travertine partly consolidated into limestone. The ash 
beds probably belong at the base of the series of marls and conglomerates exposed 
near the Grape Creek-Muddy Divide. 

The search for mammalian remains in the deposits referred to the 
Pliocene age has met with the best success in the ash beds, fi·om which 
have been taken a number of bones, including teeth and portions of the 
jaws of horses and camels, probably belonging to the Upper Pliocene. 

Arkansas Park.-Between the Sawatch and Park ranges there is a 
broad valley along the upper Arkansas, to which the name Arkansas 
Park is sometimes applied. It was visited in 1869 by Dr. Hayden, who 
described its more recent geological formations as follows: 

On the west side of the Arkansas Valley the recent Tertiary beds run up to and 
overlap the margins of the mountains. They are composed mostly of fine sands, 
arenaceous clays, and pudding stones, cream-colored arenaceous clays, and rusty-yel
low marls, fine sand predominating. These beds weather into peculiar architectural 
forms somewhat like the ''Bad Lands" of Dakota. Indeed, they are very nearly the 
same as the Santa Fe marls, and were doubtless cotemporaneous and dip at the same 
angle, 3° to 5°, a little west of north. The tops of the hills have all been planed 
down as if smoothed with a roller. I have called this group the Arkansas marls. 

~Proc. Colo. Sci. Soc. 1889, pp. 220,221, 
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They occupy the entire valley of the Arkansas. This valley is about 40 miles in 
length, and on an average about 5 to 10 miles in width. It might properly be called 
a park, for it is completely surrounded by mountains. 1 

In a later report 2 we learn that the upper end of this valley or park 
is •about 5 miles below the mining town of Granite, and thattm·races 
have been formed on both sides, showing the former existence of a lake 
in which were deposited from 800 to 1,200 feet of fine sediments during 
the Pliocene age. 

Peale says: 3 

Above this valley the river is in a canyon or rather a canyon-like valley, until we 
get above Twin Lakes, when we have another valley reaching almost to the head of 
the stream. It is about 16 to 20 miles in length, and about 10 miles in width at the 
lower end. The whole valley, as far as could be determined, is underlaid by granite. 
At the lower end, back of Weston's ranch, in the terraces, there are modern Tertiary 
deposits, soft conglomerate sandstones. 

Middle- Park lake beds.-The lake deposits of Middle Park have thus 
been described by Marvin4 : 

After the Lignite there is a geological break, the beds next following being of far 
more recent age. These occur nowhere at the higher elevations, but occupy all the 
lower basins. In these and following the streams they usually form broad, low ter
races, often much cut by the lateral streams into isolated pieces or long, even-topped 
tongues running out from the valley sides. Near the borders of these areas these 
beds often plainly show that their material was derived from the adjacent rock, 
often being of coarse granitic or schistose debris, or debris of the lignitic sandstone 
worked over; more frequently they are of finer sands and of characteristic marls of 
exceedingly white color. They are usually fon~d resting on the Archean rocks, as 
along the Lower Grand, or on the softer shales of the Cretaceous, which, in former 
times, as now, afforded the weakest lines for erosion to work at most successfully, and 
which, therefore, occupy nearly all the lower areas. Along such lines, then, the 
streams cutting through these terraced beds constantly expose beneath them the 
more or less upturned edges of the Middle Cretaceous beds. They show a thickness 
of probably not over 300 feet at any point, though their vertical range seems to 
1·each to or above1,000 feet. A fewdipsof 10°, possibly15°, wereobservedinthemin 
the eastern portion of the park. Unfortunately no fossils were found in these beds, 
leaving a satisfactory determination of their age impossible, though they are un
doubtedly very late, or, perhaps, post-Tertiary. 

Concerning these deposits, Hayden remarks 5 that they are undoubt
edly contemporaneous with the .Arkansas and Santa Fe marls. 

Nm·th Park lake beds.-In North Park Hague found extensive lake 
deposits lying in general nearly horizontally and rarely inclined at a 
higher angle than 4o. • 

They lie unconformably upon the lower rocks, resting in places against every 
formation from the Archean to the top of the Colorado group, and are seen in an 
undisturbed condition, resting against the basalts. They extend over the entire 
Park basin, giving it the level, prairie-like aspect which it presents from all the 

1 3d Ann. Rept. U.S. Geol. Surv. T err., 1869, p. 77. 
27th Ann. Rept. U.S. Geol. Surv. Terr., 1873, pp. 48, 49, 50. 
3 Ibid., p. 240. 
~Ibid., p.l57. 
• 3d Ann. Rep. U.S. Geol. Surv. Terr., 1869, p.lSG. 
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higher elevations. Through these beds the many strf'ams of the Platte drainage 
have worn their present channels, leaving everywhere long, bench-like ridges with 
steep sides, which, though offering numerous good exposures, appear in no case to 
have cut deeply into underlying strata, thus making any determination of their 
thickness uncertain. 

4 
Within the park they probably do not exceed a few hundred feet. Lithologically, 

these deposits possess a somewhat local character, the material of which the upper
most beds are formed being derived exclusively from the relatively narrow limits 
hemmed in by the park walls, rendering any comparison with other basins almost 
impossible, although they present certain features like the Niobrara Pliocene beds 
east of the Laramie hills. 

So far as known to us, neither vertebrate nor invertebrate forms have as yet been 
obtained from these deposits, so that paleontological evidence, so desirable in 

• determining the age of Tertiary basins, is still wanting for the North Park deposits. 
It is quite probable that there may be found included within the Park two distinct 
Tertiary series. Some observations were made at the time of our explorations, whicli 
would tend in this direction, showing a lower set of unconformable beds, which, 
however, reach the surface in only a few localities, the greater part of the area 
being covered with more recent deposits. :From the difficulty of sharply defining the 
two horizons of these beds, they have been given a local name, the North Park 
Tertiary, and a distinct designation upon the geological map. Partly from the gen
eral appearance of the strata, and in part from their relation to.tbe h~altic rocks, 
they have been regarded provisionally a8 of late Pliocene age.1 

MONUMENT CREEK GROUP. 

There is still another series of deposits that must be considered before 
leaving this state. We refer to the Monument Creek group of Hayden. 
Its geographical distribution is shown on map 11 of "Maps and Pan
oramas" accompanying the 12th .Annual Report of the U. S. Geo
logical Survey of the Territories, as well as on the map accompanying 
this report. Hayden encountered this group in 1869 while on his way 
from Deuv~r southward, and described it substantially as follows 2 : 

About fl mHes south of Platte Canon one meets with a series of variegated beds of 
sand and arenaceous clays, nearly horizontal, resting on the upturned edges of the 
older rocks. These beds form the northern edge of an extensive Tertiary basin of 
comparr.tively modern date, either late Miocene or Pliocene. From the point of their 
:first appearance to about 5 miles north of Colorado City, these beds jut up against 
the foot-hills of the mountains, inclining at a small angle, never more than 8 degrees, 
and enmrely concealing all the older sedimentary rocks. Far to the eastward 
stretches this Tertiary divide, giving rise to a large number of streams, as Clwny 
Creek, Running Water, Kiowa, Bijou, and other creeks. Through this basin flows 
Monument Creek, which has become so celebrated for its unique scenery. 

• The beds of this formation are of various colors-red, yellow, and white-and of 
various degrees of texture, from coarse pudding-stones to very fine-grained sands and 
sanastones. There is very little lime in the entire series of beds. There is much 
ferruginous matter in all the beds, to some of which it gives a rusty brown color. 
Along the mountain slopes the rocks are mostly coarse pudding-stones, the water
worn pebbles varying in size from a grain of quartz to a mass several inches in di
ameter. But eastward from the mountains the sediments become finer and finer 
until the coarse pudding-stones disappear. Lignite is sometimes found in the fine 
argillaceous beds. 

l U: S. Geol. Expl. 40th Par., 2, 1877, pp.127-128. 
2 See 3d . .Ann. Rept. U.S. Geol. Surv. Terr., pp. 139-142. 
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In Monument Park, there are a great number of columns standing thickly over the 
surface, each surmounted with a cap of harder material. The shaft of the column 
is usually thick at the base, rising up 10 or 20 feet, tapering to the cap, composed of 
a coarse aggregate of quartz grains, small pebbles all water worn, very loosely held 
together with rather coarse sand cement. The cap is a deep rust color, composed of 
saud cemented with oxide of iron, and by its greater hardness has resisted more 
effectually the eroding agencies. 

At a late period of geological history, dikes or protrusions of igneous material 
flowed over the Monument Creek sandstones in broad sheets or beds; and broad 
table-topped buttes or mesas, 100 to 150 feet high, now indicate the extent of later 
erosion. 

In his report for 1869, Hayden referred this group to the Miocene 
Tertiary, on account of its modern appearance and its position with 
reference to the granites, but in 1873 he was inclined to regard it as 
possibly belonging to the upper division of the Lignitic series, since it 
contains seams of "impure coal, with deciduous leaves, some of which 
are identical with species occurring in the Lignitic strata from New 
Mexico to the Upper Missouri. Indeed, the general aspect of the rocks 
in this region is much like the Lignitic group on the Yellowstonl~ and 
Missouri rivers near their junction and in the vicinity.m 

On this question Cope remarks :2 

The age of the Monument Creek formation in relation to the other Tertiaries not 
having been definitely determined, I sought for vertebrate fossils. The most char
acteristic one which I procured was a hind leg and foot of an Artiodactyla of the 
Oreodon type, which indicated conclusively that the formation is newer than the 
Eocene. From the same neighborhood and stratum, as I have every reason for be
lieving, the fragment of the Megacemtops coloradoensis was obtained. This fossil is 
equally conclusive against the Pliocene age of the formation, so that it ma.y be re
ferred to the Miocene until further discoveries enable us to be more exact. 

WYOMING. 

The various beds or formations of this State that have usually been 
assigned a post-Eocene Tertiary age may be enumerated as follows: 
Neozoic eruptives (partim) of the Yellowstone Park region; Sweetwater 
Pliocene; Wyoming conglomerate; and the White River and Niobrara 
Tertiary of the extreme southeastern part of the State. 

CENOZOIC ERUPTIVES. 

These have been described under the name of "volcanic Tertiary" 
with considerable detail by W. H. Holmes.3 Its geographical distribu
tion is shown on map 6 of "Maps and Panoramas" accompanying the 
last mentioned annual report. 

The materials that enter into its composition are for the most part 
fragmentary volcanic products, which have been apparently redistrib
uted by water, and now form breccias, conglomer}l.tes, and sandstones.4 

I 7th .Ann. Rep. U. S. Geol. Surv. Terr., 1873, p. 33. 
2Ibid., p. 430. 
sIn vol. 5, Bull. U. S. Geol. and Geog. Surv., and in part 2, of the Twelfth .Annual Report of the 

same survey. 
'Bull. U.S. Geol. and Geog. Surv., 1879, No.1, vol. 5, p. 125. 
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These reach their maximum development in the valley of the "East 
Fork," where they rest upon the unevenly eroded surfaces of the pale
ozoic and granitic rocks and present a total thickness of 5,500 feet. 
They are preeminently characterized throughout by the enormous quan· 
tities of silicified wood they contain. Leaves and small twigs are by 
no means so abundant as stumps and logs, but at least two localities 
have yielded determinable leaves, and by these Lesquereux has deter
mined their horizon as Eocene and Lower Pliocene or Upper Miocene 
respectively.1 By inspecting the map .just referred to, it will be seen 
that the Eocene beds are limited to narrow strips along the Yellowstone 
River in the vicinity of Elk Creek, while the post-Eocene deposits are 
much more widely distributed. The conglomer~te material of the latter 
is frequently interstratified with sheets of basalt, while the rhyolitic out-
flows are, stratigraphically speaking, above the whole. • 

SWEETWATER PLIOCENE. 

In Central Wyoming, the beds of the Sweetwater group have been 
extensively scooped out or eroded, and upon them have been deposited 
marls and sands of Pliocene age.2 "Near the base * * * we find a 
very loosely aggregated sandstone, almost partaking of the character 
of a conglomerate. It is.light gray and yellowish, easily decomposing." 
Above this follows a succession of light marls and indurated clays. 
Usually these are either very light yellow or white, but pink and green
ish beds are not wanting. Toward the eastern terminus of the group, 
the strata become highly siliceous. These beds are nearly horizontal; 
along their northern border they participate iu the southward dip of 
the Sweetwater group,3 amounting from 1° to 4°. 

The geographical distribution of these "Pliocene" deposits may be 
seen by consulting maps 3 and 11 of ''Maps and Panoramas" accom
panying the Twelfth Report of the U. S. Geological and Geographical 
Survey of the Territories. Endlich estimates their maximum thickness 
as from 700 to 900 feet. 4 They are probably of Loup Fork horizon, as 
shown by, their lithological characters, their horizontality, and their 
vertebrate remains. 

A small collection of fossils was obtained by Hayden's expedition of 
1870, on Sweetwater River, 18 miles west of Devils Gate, Wyornh1g. 
Upon these Dr. Leidy reports 5 and finds them "Nearly related with 
those from the Pliocene Tertiary sands of the Niobrara River," a11d, 
"without doubt, of a much more recent date than those of the Bridger 
beds." 

Farther to the west, and "within the narrow depression between the 
subsidiary Prozoic Range and the western base of the Wind River 

1 Bull. U.S. Geol. and Geog. Surv., 1879, No.1, vol. 5, pp. 126, 128. 
, Fourth Ann. Rep. U.S. Geol. and Geog. Surv. Terr., 1870, p. 29. 
•nth Ann. Rep. U.S. Geol. and Geog. Surv. Terr., 1877, p. 112. 
t Ibid., p. 113. 
•u. S. Geol. Surv. Terr., vol.l, pp.198-20~. 
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Mountains," there is a local depression filled with loose white and yel
lowish clays and marls. Their thickness has been estimated at about 
300 feet, and they have been regarded as synchronous with the Pliocene 
of Sweetwater River, although no fossils except a Pupa have been found 
in them.1 

WYOMING CONGLOMERATE. 

Concerning this formation Endlich remarks: 
This term has been used by Emmons and Hague to designate the widespread con

glomeritic accumulations of drift which may be assigned to the Pliocene period. It 
is entirely structureless and composed of most varying material. Essentially it may 
be regarded as the product of all the formations existing within a given area. During 
the last era of extensive inundations it was deposited at the most convenient locali
ties. Along the entire northern slope of the Sweetwater and Seminole hills we :find 
enormous deposits of this material. No structure whatever can be observed there, 
and the whole forms merely a huge cover of errat~c bowlders. Their size varies 
somewhat, but does not reach any considerable dimensions. We :find the narrow 
gullies running down from the hillsides cut into this conglomerate, and the tops of · 
the ridges are covered by it for some distance. Its presence is so marked a feature 
in this region that it can not be overlooked. With regard to its age, I consider the 
period of deposition as synchronous with that of the younger portions of the Pliocene 
marls and shales. It is found near the edges of the ancient lake, and was probably 
carried there by the waters draining into the former. It must not be mistaken for 
the glacial drift which occurs in the same region. The relative positions alone of 
these two deposits will easily determine their character.2 

This same conglomerate occurs in the limited Pliocene valley west of 
South Pass. In fact "it is scattered to a greater or less extent all over 
the country, which has been subjected to extensive erosion." 3 

WHITE RIVER GROUP. 

Cenozoic beds in the extreme southeastern part of the State.-Referring 
to this area, Dr. Hayden remarks: 

That portion of Wyoming east of the Laramie range and south of the line of the 
Union Pacific Railroad is entirely covered with the upper beds of the White River 
Tertiary basin. The valley of the Lodge Pole, Crow Creek, and Chugwater show the 
formations of this basin very distinctly from mouth to source. The Union Pacific 
Railroad ascends the eastern slope of the Laramie range on a sort of bench of this 
formation, which seems to be unusually developed, and to extend without much in
terruption up to the very margin of the mountains, sometimes concealing all the rocks 
of intermediate age and resting on the syenites. 

About 20 miles south of Cheyenne these beds disappear entirely along the western 
flank of the mountains, and the lignite Tertiary beds are exposed to view.• 

Again: 
The geological formations immediately underlying Cheyenne are of Tertiary age, 

probably Pliocene or very late Miocene. The beds have been slightly disturbed by 
the upheaval of the mountain range, but their position in relation to the older Ter-

1 llth Ann. Rep. U. S. Geol. and Geog. Surv. Terr., 1877, pp. 132-133. 
2 Ibid., pp. 113-114. 
a Ibid., p. 133. 
'U.S. Geol. and Geog. Surv. Terr., 186~, vol. 3, p.lL 
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tiary beds shows their deposition to have been of late date. They are found 
ited in the valleys and sometimes high on the mountain sides, and it is very 
that they dip at an angle of more than 5°. These beds can be traced far noi'thvvan 
to the Black Hills of Dakota, a distance of 350 miles, and they are thus shown 
ably to be the upper beds or most recent formation of the White River Tertiary.' 

UTA.H. 

There are two series of deposits within this territory which for 
sons elsewhere given have been referred to the Neocene division of 
Tertiary. They are (1) the Humboldt group of King, which mcmm~ 
the Salt Lake group of Hayden, and (2) the Wyoming conglomerate. 

THE HUMBOLDT GROUP. 

This is well displayed in Weber, Ogden, and Cache valleys east oi 
Great Salt Lake, and in the Terrace and Raft River mountains to the 
west. In Weber Valley it ~as that Hayden2 first studied this formation 
and found it to consist of light colored sands, sandstones, and marls, 
reaching in thickness from 800 to 1,200 feet. 

The corresponding deposits of Ogden Valley "have been referred to 
the Humboldt Pliocene, although it should be stated that they are too 
far removed from well defined Humboldt formations to trace any direct 
connection, and paleontological evidence is yet too meager to throw any 
important light on the question." 3 

Beds in Cache Valley, supposed to be of this age, have been described 
by Hayden,4 Bradley/ Hague,6 Peale,7 and others. The central portion 
of the valley is occupied by Quaternary deposits, termed by Peale the 
Cache Valley group, while the older beds crop out around the borders. 
The latter al'e accredited by Bradley with a dip of 25° in some in
stances. Hague says: "They are found to have been considerably 
uplifted, showing angles of dip of 10° and 15°." These figures, it will 
be observed, indicate a considerably greater amount of dip than is 
usually shown in the sedimentary" Pliocene" deposits of the West. 

The maximum tl1ic~ness of these beds is not less than 350 feet. 8 

At one locality, Mendon, some of the sandy layers contain vast num
bers of Lirnuma, Physa, Vivipara, and Helix; at the" Gates" the lime
stones and shales contain Limnma, Valvata, Planorbis, Sphmriu1n.9 

These fossils, however, are of little value for determining the age of 
the strata in which they are entombed. The determination rests wholly 
upon lithologic and stratigraphic criteria. 

I U.S. Geol. and Geog. Surv. Terr., 1869, vol. 3, p.ll. 
2Prelim. Rep. U.S. Geol. Surv. Col. and N.Mex., 1869, p. 92. 
3 U.S. Geol. Explor. 40th ..Par., vol. 2, Descriptive Geology, 1877, p. 418. 
4 U.S. Geol. Surv. Terr., 5th .Ann. Rep., 1871, pp.19-22. 
& U.S. Geol. Surv. Terr., 6th Ann. Rep. , 1872, p. 199. 
6 U.S. Geol. Explor. 40th Par., vol. 2, Descriptive Geology, 1877, pp. 406,417. 
7 U.S. Geol. Surv. Terr., 11th Ann. Rep., 1877, p. 603. 
8 U.S. Geol. Explor. 40th Par., vol. 2, Desc. Geol., 1877, p. 417. 
•u. S. Geol. Surv. Terr., 11th Ann. Rep., 1877, pp. 604-605. 
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On both eastern and western slopes of Terrace Mountain there is a 
broad canyon, filled to some extent with beds that "resemble the fine 
sands, reddish gravels, and marls which form the Humboldt Pliocene • 
beds of eastern Nevada, and have been referred to the same horizon.'11 

The western slopes of Raft River Mountains" are covered high up on 
the flanks by heavy white beds, sloping gently toward the center of 
the valley, composed of fine white pumiceous sands, loose sandstones, 
fine conglomerates, which have been referred to the horizon of the Hum
boldt Pliocene, from their general resemblance to these beds as devel
oped in the valley of the Upper Humboldt." 2 

THE WYOMING CONGLOMERATE. 

The Wyoming conglomerate may be seen along both flanks of the 
Uinta range, forming the cap-rock of mu;_or elevations, such as Ti Ra
Kava and Concrete plateaus and Black Tail Mountain.3 It is often 
100,4 200, or even 300 5 feet in thickness, is composed wholly of local 
materials, and is devoid of organic remains.6 

(See this formation under Wyoming.) 

NEVADA. 

The post-Eocene Tertiary geology of this State is known chiefly from 
the reports of the U. S. Geological Exploration of the fortieth parallel. 
The various deposits here referred to which are found scattered about 
in widely different localities are treated in these reports as having been 
laid down in two great sheets of fresh water, one of Miocene, the other 
of Pliocene age, to which King has applied the names Pah-Ute and 
Shoshone lakes. To the deposits of the former this author gives the 
name ~' Truckee group;" to those of the latter, " Humboldt group." 

TRUCKEE GROUP. 

Numerous references have already been made in our discussions of 
adjacent States to deposits supposed to form a part of the group. King 
says: 7 

The rocks of the group are limited on the east, within the boundaries of our ex
ploration, by the one hundred and seventeenth meridian, and on the west by the abrupt 
wall of tlie Sierra Nevada. Northward they extend through Oregon and pass into 
Washington Territory, having their greatest development on Crooked River, the John 
Day, and the Malheur. South of our work they are all well known in the valley of 
the Walker River, but beyond that southward I am not aware of their having been 
observed. 

IU. S. Geol. Explor. 4oth Par., vol. 2,1877, p.427. 
2 Ibid, p. 429. 
3 See Maps II and III of Atlas accompanying King's Reports. 
4U. S. Geol. Explor. 40th Par., vol. 2, Descr. Geol., 1877, p. 247. 
6 Ibid., p. 290. 
'Ibid., p. 248. 
7 U. S. Geol. Explor. 40th Par., vol.1, Syst. Geol., 1878, p. 413. 
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For details regarding their distribution in Nevada, reference should 
be made to the reports of King, Hague, and Emmons, also to the ac
companying atlas. 

In King's report on the Systematic Geology (p. 415), he says: 
The most important and characteristic development of this series within our 

limits is at the Kawsoh Mountains and along the southern extremity of Montezuma 
Range. The northern and eastern portion of the Kawsoh Mountains and the valley 
which lies north of them, separating the broken detached group of hills from the 
end of Montezuma Range, together offer a section of about 2,300 feet of Miocene 
beds, noting fi·om the top as follows: 
1. The upper 1,200 feet consists entirely of drab mauve gray, pale buff, and white 

stratified trachyte tuff, intermixed with more or less detrital material. The beds 
are characterized by rapid changes of color and texture, are of very variable 
coarseness, and have a prevailing amount of glassy fragments, as if an enormous 
amount of the material were the glassy scoria and rapilli of violent and long con
tinned. trachytic eruption. At •intervals are beds of pure gray sand, with a few 
seams of slightly marly clay. The microscope shows that this entire series is made 
up of angular and subangular fragments, many of them excessively small. There 
are some singular chalcedonic strata, one to two feet thick, of which the lower 
stratum plane is exceedingly rough, resting upon the trachytic tuff and including 
a great many minute fragments of the volcanic material, the upper surfaces being 
rudely botryoidal, the protuberances reaching the size of an egg. Toward the 
lower edge of this great series of traehytic tuffs, the upper limits of which are 
nowhere seen, the proportion of their detritalmaterial-quartz and feldspar sand
becomes mpidly greater until the tuff is underlaitl by: 

2. Coarse, sandy grits, gray and yellow fragments, partially rounded, par-
tially angular, with a slight proportion of calcitic material .. ___ ... . 

3. Saccharoi<lallimestone, rich in fresh-water mollusks1 .. __ .... _____ .. .. 

4:. Marly grits, yellow and drab, rather coarse. ___ ............ __ ....... . 
5. :Fine-grained friable buff anJ. gray sanustone, having a peculiarly 

sharp gritty feel ___ .......... __ ..... __ ..... _____ ... ____ ........ .. 
6. Variable gray sandl:ltones ...... ---- ...... ------ .................... .. 
7. A marly grit ................ ·---····----··---· ...... ·----· .•....••.. 
8. White and yellow infusorial silica ................ __ ........ __ ..... .. 
9. Palagonite tuff, base never seen .............. (maximum exposure) .. 

70 
100 

50 or 60 
200 to 250 

250 

Intermediate between the times of depm;ition of the two fresh-water 
groups already referred to, or perhaps synchronous in part with the 
earlier portion of the latter, there were enormous outpourings of the 
rhyolitic materials in the area under consideration. The older, or Truckee 
group, was accordingly often much disturbed by volcanic and oro
graphic phenomena, and its layers are often inclined 10o, 2oo, or even 
30o from the horizontal. 

Concerning the age of this group, King2 says: 

No vertebrate remains have been found upon the area of Map V, except a single 
rhinoceros tooth 3 from the grit.s of the Kawsoh Mountains, a species which has been 
pronounced to be probably Miocene. The fresh-water mollusca of the saccharoidal 

I Sphrerium rugosum Meek, Sphcerium? idahoenBe Meek, A.nyclus u11duZatU1 Meek, Ca·rinijez (Vor, 
ticijez) binneyi Meek, C. (V.) tryoni Meek, Melania? subsculptiliB? Meek, M. aculptilis Meek (=M. 
taylori Gab b). U.S. Geol. Surv. 40th, vol. 4, pt. I, pp. 182-196. First published in Proc. Phila. Acad. 
Nat. Sci., 1870, pp. 56-60. 

2 Systematic Geology, 1878, p. 423-424. 
a B. paciji.ctu probably, King, p. 455. 
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limestone of Fossil Hill would not alone afford sufficient data for refe.rring this 
series to the Miocene, although Prof. Meek, independently of any other reason, made 
this assignment. The main 1·eason for classing the whole group as Miocene is, that 
farther north in Oregon upon John Day, Des Chutes, and Crooked rivers, Prof. Meek's 
researches have brought to light an immense formation computed by him to be 3,000 
or 4,000 feet thick, containing numerous vertebrate remains of clearly Miocene type. 
These Oregon beds are all in inclined positions, earlier than basaltic eruptions, and 
the main material of this whole series, as I have determined by microscopic studies, 
is of stratified trachytic pumices, tuffs, and hyaline sands. The Oregon Miocene is 
apparently the direct northern continuation ot the Nevada formation. Besides the 
parallelism between the two series, is the fact of an overlying unconformable Plio
cene in each case. The mollusks from Fossil Hill and the rhinoceros tooth dis
tinctly refer t.he Nevada Htrata to the Miocene. The overlying Pliocenes and basalts 
are similar and of identical position in each case; and this, together with the iden
tity of material and similarity of disturbed position, has led us finally to refer our 
Truckee group to the Miocene. 1 

Paleontology.-If we confine ourselves to the development of this 
group within the bo'undaries of Nevada, its paleontologic features can 
be given in few words. Besides the above-mentioned rhinoceros tooth 
and fresh-water mollusks, infusorial and vegetable remains have been 
noted in several localities. Just above the town of Heno, in Truckee 
valley, Hague finds in beds doubtfully referred to this group, "stems, 
leaves, andpartiallycarbonized vegetable matter," which" are abundant 
in certain layers of shale." Coal seams have been observed north of th~ 
town of Verdi, and on Dog Creek, a short distance north of Crystal Peak. 

Regarding the infusoria referred to in King's section, quoted above, 
Hague 2 says: 

Under the microscope, even with a moderate power, these siliceous beds are seen 
to be made up of innumerable fra.gments of Diatomacca. Dr. C. G. Ehrenbcrg,3 of 
Berlin, Prussia, to whom were sent a large number of specimens from this locality 
has described no less than thirty-three distinct organic forms, one of which mny be
long to the vegetable world. Of these forms, twelve have been classed as Polygas .. 
t1·ica and twenty as Phytolithm·ia, the most abundant species being: 

Gallionella gmnulata. 
Gallionella sculpta. 
S1JongoHthus acicnla1·is. 

Accompanying Dr. Ehrenberg's work is a plate giving the microscopic sections of 
the infusorial earth from this locality, together with others from tl1C Truckee Valley, 
and Salt Lake Desert. 

A Rimilar deposit is noted about 2 miles south of Winnemucca Lake 
(p. 820). 

HUMBOLDT GROUP. 

This group, according to the geologists of the fortieth parallel, was 
deposited in" Shoshone Lake," whose existence was in part contempora
neous with, but mainly subsequent to, the period of rhyolite outflows, 

1 On p. 450 he correlates it with the White River group. 
2Descriptive Geol., vol. 2, p. 768. 
s Ueber die wachsende Kenntniss des unsichtbaren Lebens ala fels bildende Bacillarien in California, 

p. 19, Berlin, 1870. 
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though often hidden under vast sheets of basalt. References will 
found under Oregon, Washington, Idaho, and Utah of outlying 
of this formation, but it is in Humboldt Valley, Nevada, that it is 
caUy developed and accordingly receives its name. King describes 
region, as follows: 

West of Humboldt and Tucubits ranges there is a long valley drained by 
boldt River and Huntil1gton Creek. Thronghout the length of this depression, 
100 miles, there is a nearly coHtinnons exposure of horizontal Pliocene beds. 
difficnlt to decide what thickness of beds is exposed, since they are often bmieu 
Quaternary, bnt there can not be less than 600 or 800 feet. In the middle of 
vall~y the beds are horizontal, but on either side there is a dip of from 2° to so, 
which is probably the inclination of deposition. The foot-bills of the _ranges on 
both sides are skirted by continuous belts of 'l'ertiary, which are beveled off to 
central valley. Streams have excavated broad depressions down these plains and 
the inttWYening spurs have been graded off, so that the whole valley country preser.te 
few abrupt exposures and those only along certain exceptionally sharp stream cute. 
The most important of these are seen in the valley of the South Fork of the Hum
boldt, where 100 to 150 feet of sandstone cliffs flank the valley on either side. Here 
are found sands that are at times quite marly, associated with more or less coarse 
beds of grit, which nearer the mountains are entitled to be named conglomerate. 
There are a few calcareous clays, and some limited beds of true marly limestone. It 
is not surprising that this whole Pliocene exposure should have more or less calca
reous material within its mass, since so large a portion of the surrounding mountain 
sides from which the material has been derived is of Paleozoic limestones. 

The descriptions of this formation as it occurs at numerous other 
localities with~n the limits of the fortieth parallel survey will be found 
in volumes 1 and 2 of its reports. 

Concerning the age of this group, King remarks: 
At Bone Valley, which is drainecl by the waters of the North Fork of the Hum

boldt, a few vertebrate remains were found, including a jaw of Protoltippusperditus, 
also a jaw of Merychippus mirabiHs, ancl fragments of Cosoryx. These forms are of 
importance as proving the identity of the becls in which they were funnel with those 
of the Niobrara Pliocene east of the Rocky Mountains. 

Uope evidently refers 1 these fossils to the Procamelus divisiou of the 
Loup Fork (Niobrara) Miocene. Fossil remains are exceedingly rare 
in the formation within the boundaries of Nevada. They appear to be 
limited to the forms mentioned above, together with a few undetermined 
fresh-water mollusks. 

•u. S. Geol. Surv. Terr., 1884, vol. 3, p. 19. 
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:Table showing the verticalmnge of the Neocene formations of the interior region. 
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..A.myzon group. 

..A.rkansas marls. 
Bishop Mt. conglomerate. 
Brontotherium beds. 
Cacl1e Lake beds. 
Dalles group. 
Equus beds. 
Galisteo group. 
llnmboldt group. 
Idaho formation. 
.John Day group. 
Loup Fork group. 
Megalonyx beds. 
Miohippus series. 
Monument Creek group. 
Niobrara group. 
North Park deposits. 

Oregon beds. 
Oreodon beds. 
Pliobippus beds. 
Procamelus beds. 
Salt Lake group. 
Santa Fe marls. 
Staked Plains formation. 
Ticboleptus beds. 
Titanotberium bed. 
Turtle and Oreodon bed. 

Truckee group. 
Volcanic Tertiary. 
·white River group. 
Wyoming conglomerate. 



NOTES ON THE ..-MAP. 

In view of the uncertainty in the determination of the age of many 
of tlte N eocene beds of the Great Interior region, it has seemed best to 
color them uniformly and leave to the future the task of assigning to 
each area its relathTe position in the geologic scale. 

The small scale of the map renders it impracticable to discriminate 
the subdivisions of the Miocene by separate colors. The old :Miocene 
area is mostly indicated on the map of Florida. Northeastward of 
Georgia the only area of this age which has been definitely recognized 
is that represented by the small patches of the Shiloh marls in south
western New Jersey. The rest of the Atlantic :Miocene, not perezonal 
in character, belongs to the Chesapeake group as far as yet identified. 

The Eocene island of Florida is colored on account of. the important re
lation it bears to the beds about it and to distinguish it from Pleistocene 
and other areas left uncolored. As the lake areas and swamps of Florida 
are undoubtedly Pliocene under their Pleistocene sands, the Okee
finokee Swamp is presumably of the same age, and there is reason to 
believe, as elsewhere shown, that this is also true of the Dismal Swamp 
of Virginia. These areas have therefore been mapped as Pliocene. 
Part of the marginal beds of sand, clay, etc., which border the Gulf 
Miocene on the south, are presumably Pliocene, as well as the central 
portion of the trough of the Mississippi Basin below the material which· 
has been rearranged in Pleistocene times, and apart from the .Appo
mattox formation. These are distinctively colored to distinguish them 
from the marine beds denoted by their fauna to be Pliocene. The pene
plains of the valley of California and of the Willamette River, Oregon, 
ar~ similarly treated. 

On the Atlantic coast there are gaps in the vicinity of the great Car
olinian ridge where theN eocene has been denuded, leaving only smaller 
or la-rger patches in the more depressed basins of the Eocene surface. 
These patches, often too small to be separately platted on a map of this 
scale, have been generalized for present purposes. 

Submarine areas off Hatteras, Nantucket, and on Georges Banks, have 
been indicated by a circular spot in each ease~ 

The N eocene of the Pacific coast has been indicated from the sources 
of information mentioned in the text. That of the State of Washington 
is mapped from the geological map of the Dominion of Canada, no pub
lished information other than that being available, especially for the 
portion west from Puget Sound. No attempt has been made to map the 
volcanic rocks possibly of N eocene age. 
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The Appomattox formation is mapped in two shades of color. One 
of these represents that portion of this formation which has been recog
nized by McGee as forming the top rock or surface material, and as 
such has been definitely mapped by him. In the northwestern part of 
the Gulf of Mississippi the beds of this formation have been denuded, 
making a gap in the perezonal line. Following the general relation of 
the known beds to the subjacent Eocene, the remainder of the Appo
mattox perezone has been carried hypothetically across Arkansas and 
Texas, in order to enable the eye to take in more fully the relations of 
the formation as a whole as at present understood. 

A lighter shade indicates the extension under the sands of the Colum
bia formation of beds assigned by McGee to the Appomattox, though 
in southern Georgia and northern Florida this extension iS' represented 
as somewhat less than he would give it, since, theoretically, it would 
seem improbable that these beds should cover the Okeefinokee Basin, 
while the oxidized gravels and red clays of northern Florida may well 
have had another origin. 

In the interior, N eocene beds, according to Cope, exist on the line sep
arating the two Dakotas, where beds assigned by him to the White River 
horizon form a N eocene island separated by a gap of 200 miles from 
those of the same character to the south. As there are no data for the 
definite location of these beds geographically, they have been omitted 
on the map. 

In the lower part of the Colorado Valley near the Gulf of California it 
is probable that Pliocene beds exist7 but in the absence of definite 
information no attempt has been made to place them on the map. 
Throughout the map the presence of post-glacial or Pleistocene beds 
above the Neocene rocks has been ignored; the object being to show 
as fully as existing information would warrant the general distribu
tion of the N eocene formations. .If the presence of the superficial 
Pleistocene materials had been taken into account the underlying 
beds would have been practically hidden from view, except as almost 
invisible lines along the water courses or the shores. 



CHAPTER VII. 

LIST OF NAMES APPLIED TO CENOZOIC BEDS AND FORMATIONS 
OF THE UNITED STATES, EXCLUDING THE LARAMIE.t 

JEOLIAN SANDROCK. 

Wind-blown character of contents. W. H. Dall, 1892; 2 this essay, pp. 153-155. 
Pleistocene of Florida . 

.ALACHUA CLAYS. 

Alachua CQunty, Florida. W. H. Dall, 1892; this essay, p. 127. Pliocene. 

ALTAMAIIA GRIT. 

Altamaha River, southeast Georgia. W. H. Dall, 1892; this essay, p. 81. Older 
Miocene. 

ALUM BLUFF BEDS • . 

Typically displayed in the upper part of the bluff at Alum Bluff, eastern hank of 
Appalachicola River, northwest Florida. W. H. Dall, 1892; this essay, p. 
112. Miocene. 

AMYZON BEDS. 

Amyzon, generic name of a characteristic fish. E. D. Cope, May, 1879; Am. 
Nat., vol. 13, p. 332. Later Eocene or early Miocene. 

Amyzon gro11p. Cope; Am. Nat., June, 1880. 
These beds were first described, though not named, by Cope in 1872; Proc. Am. 

Phil. Soc., 1872, p. 478. 

APPO:\fATTOX FORMATION. 

Appomattox, a river of Virginia, along which the formation is typically dis
played. W. J. McGee, Feb., 1888; Am. Jour. Sci., 3rd ser., vol. 35, p. 125; 
"Later Tertiary age;" "Much nearer the age of the Columbia formation 
than that of the fossiliferous Miocene" (Ibid., p. 330); its age corresponds 
"at least roughly with the Pliocene." (Ibid., vol. 40, p. 33.) "Post-Pliocene"f 
Langdon (Ibid., vol. 40, p. 238). 

See under Lafayette formation. 

ARAPAIIOE BEDS. 

Arapahoe County, Colorado. George H. Eldridge, 1889; Am. Jour. Sci., 3rdser., 
vol. 37, p. 282,3 

Lowest Tertiary. 
ARCADIA MARL. 

Arcadia, De Soto County, Florida. W. H. Dall, 1892; this essay, p. 131. Older 
Pliocene. 

ARKADELPHIA SHALE. 

Arkadelphia, a town, Clarke County, Arkansas. Robert T. Hill, 1888; ReJ.t. 
Ark. Geol. Surv., vol. 2, p. 53. Eocene. 

ARKANSAS MARLS. 

Arkansas River, Colorado. F. V. Hayden, 1869; Preliminary Field Report of the 
U.S. Geol. Surv. of Colorado and New Mexico, p. 77. 

"Contemporaneous with the Santa Fe marls.'' 

I The names applied to Pleistocene beds in this essay are included. 
2 Date of publication. This and other names by W. H. Dall were proposed in 1891. 
s See also Proc, Col. Sci. Soc.; 1888, vol. 3, part 1, p. 97. This publication, though apparently ant-e• 

dating the preceding, did not actually appear until some time after the fonner .-Whitman Cros~. 
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Ashley River, South Carolina. M. Tuomey, 1848; Report on the Geology of South 
Carolina, p. 164. Eocene. 

ASHLEY AND COOPER BEDS. 

Ashley and Cooper rivers, South Carolina. M. Tuomey, 1848; Geology of South 
Carolina, pp. 162, 211. "Newest Eocene of the State." 

ASTORIA GROUP. 

Astoria, a town in Clatsop County, Oregon. W. H. Dall, 1892; this essay, p. 2'Z5. 
Miocene. 

Includes the Astoria shales and sandstones, the Solen bed of Condon, the Cre
pidula bed 6f Dall, and the Nulato sandstone. 

ASTORIA SANDSTONES. 

Astoria, a town in Clatsop County, Oregon. W. H. Dall, 1892; this essay; p. 224. 
Miocene. 

ASTORIA SHALES. 

Astoria, a town in Clatsop County, Oregon. Thomas Condon; published by E. D. 
Cope from MS. notes of Prof. Condon, June, 1880; American Naturalist, vol. 
14, p. 457. Miocene. 

ASTRINGENT CLAY. 

Astringent property of the clay. H. D. Rogers, 1836; Reportofthe Geol. Surv. of 
New Jersey, p. 26. Eocene. 

ATLANTIC GROUP. 

Lying along the Atlantic border. Otto Meyer, 1888; American Geologist, p. 93. 
Includes all the Tertiaries of the Atlantic slope. 

ATURIA BED. 

Aturia, a characteristic fossil. W. H. Dall~ 1892; t.his essay, p. 224. Upper 
Eocene of Astoria, Oregon. 

AURIFEROUS GRAVELS. 

Gold-bearing gravels of the Sierra Nevada, California. J. D. Whitney, 1879; 
Mem. Mus. Com. Zool. at Harvard College, vol. 6, 1. Neozoic, culminating 
in the later Pliocene. 

BASAL OR WILJ,S POINT CLAYS. 

Basal, because " its position is the lowermost of the Eocene," and "'Wills Point, 
Texas, where the beds are well exposed. R. A. F. Penrose, jr., 1889; First 
Ann. Rep. Geol. Surv. Tex., 1890, p. 19. Lower Eocene. 

B.ASHI SERIES. 

Bashi Creek, Clarke County, Alabama, on which the series is t.yphically dis
played. Smith and Johnson, 1887; U.S. Geol. Surv. Bull. No. 43, p. 43. 

=Wood's Bluff series. 

BELL'S LANDING SERIES. 

Bell's Landing on Alabama River, Monroe County, Alabama. E. A. Smith and 
Lawrence Johnson, 1887. U.S. Geol. Surv. Bull. No. 43, p. 46. Lignitic 
Eocene. 

=Tuscahoma series. 

BINGEN SANDS. 

Bingen, a village, Hempstead County, Arkansas. R. T. Hill, 1888; Ann. Rep. 
Ark. Geol. Surv., vol. 2, p. 56. Eocene. 

BISHOP MOUNTAIN CONGLOMERATE. 

Bishop Monntain, Sweetwater County, Wyoming. J. W. Powell, 1876; Geol. 
Uinta Mts., pp. 40-44. "Pliocene." 

= 'Vyoming conglomerate. 

Bull. 84-21 
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BISON REDS. 

Bison, generic name of a characteriRtic foRsil. 0. C. Marsh, 1887; Am. Jour. Sei., 
3d ser., vol. 31, p. 32!. "Probably later Pliocene." 

=Denver group, partim.-Cross. 
The name has been canceled by Marsh (in lit.) 

BITTER CREEK GltOUP. 

Bitter Creek, Wyoming. J. W. Powell, 1876; Geol. Uinta 
Eocene. 

=Wasatch group; seep. 65. 
Its upper part includes the Washiki group, p. 65. 

BLACK BLUFF SERIES. 

Black Bluff on Tombigbee River, Sumter County, Alabama. Smith and Johnson, 
1887; U. S. Geol. Surv., Bull. No. 43, p. 61. Eocene. 

To be known as the Sucarnochee series in a forthcoming report by Smith and 
Langdon. 

=Buff sand, partim. 

BLUFF LIGNITIC. 

Bluffs along the Mississippi containing lignite. J. M. Safford, 1864; Am. Jour, 
Sci., 2d ser., vol. 37, p. 370. Provisional Tertiary! 

Identified with Safford's Porter's Creek group by R. H. Loughridge; Jackson 
Purchase Region, Geol. Surv. Ky., 1888, p. 41. 

BRANDON PERIOD. 

Brandon, a town of Rutland County, Vermont. H. C. Lewis, 1880; Proc. Acad. 
Nat. Sci. Phila., vol. 32, p. 289. Oligocene f 

BRIDGER GROUP. 

Fort Bridger, Uinta County, Wyoming. F. V. Hayden, 1869; Preliminary Field 
Report of the U.S. Geol. &urv. of Colorado and New Mexico,p. 91. "Upper 
Tertiary." Eocene. 

=Dinoceras beds. 

BRONTOTHERIUM BEDS. 

BTontotherium, generic name of a characteristic fossil. 0. C. Marsh, 1877; Am. 
Jour. Sci., 3d ser., vol. 14, p. 354. "Lowest Miocene." 

A subdivision of the White River group. 

BROWN'S PARK GROUP. 

Brown's park, northeastern Utah. J. W. Powell, 1876; Geol. of Uinta Mts., pp. 
40, 44. Eocene. 

=Uinta Group.-White. 

BUFF SAND. 

Buff color of the component sands. A. Winchell, 1856; Proc. Am. Assoc. Adv. 
Sci., vol. 10, p. 89. Lower Eocene. 

See Black Bluff series. 

BULLA STRIATA MARLS. 

Bulla striata, characteristic fossil. W. H. Dall, 1892; this essay, p. 147, footnote. 
Pleistocene. 

-Venus cancellata bed, partim, Heilprin. 

BURRSTONE FORMATION. 

Burrstone (Buhrstone), a rough siliceous rock characteristic of the formation. 
Charles Lyell, 1845; Quart. Jour. Geol. Soc., Lond., vol.l, p. 435. Eocene. 

Regarded by Lyell as newer than the White Limestone. 
John Finch referred to the "Buhr-stone of Georgia" as early as 1823 (Am. Jour. 

Sci., vol. 7, p. 38), and Vanuxem used the term in 1827 (Jour. Acad. Nat. Sci., 
Phila., vol.6, pt.l, pp. 60, 66), but in each case the usage seems that of a com
mon rather than a proper noun. 
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Cache Lake, Lake CoJmty, California. G. F. Becker, 1888; U.S. Geol.Surv., Mono
graph vol. 13, p. 219. Late Pliocene. 

CALAMITE BEDS. 
Calamites, characteristic fossil. Thos. Condon, by E. D. Cope, Am. Nat., June, 

1880; vol. 14, p. 458. Eocene f of central Oregon. 

CALCAIRE OSTREE. 
Abundance of Ostrea. John Finch, 1823·; Am. Jour. Sci.~ 1824, vol. 7, p. 39. 
A name applied to portions of the Eocene of South Carolina and Georgia, but 

which may have inclnded some of the lower Miocene of Florida. Conrad, as 
early as 1832, pointed out the fact that this formation has no real existence. 

CALCAREOUS CLAIBORNE. 
Calcareousness of the component strata; its fossils show its equivalency to the 

beds at Claiborne, Alabama. Eug. W. Rilgard, 1860; Agric. and Geol. 
Miss., p. 126. Middle Eocene. 

CALOOSAHATCHIE BEDS. 
Typically exposed on that river in Florida. W. R. Dall, 1887; Am. Jour. Sci., 

3d ser., vol. 34, pp.167, 169. 
Includes the upper marine and fresh-water Pliocene of south Florida and South 

Carolina. 

CAMDEN SERIES. 
Camden, a town, Ouachita County, Arkansas. Robert T. Hill, 1888; Ann. Rep. 

Ark. Geol. Surv., vol. 2, p. 49. Eocene. 

CAROLINIAN (Upper Atlantic Miocene). 
Typically developed in North and South Carolina. Angelo Heilprin, 1882; Proc. 

Pbila. Acad. Nat. Sci., 1882, p. 183. "£!pper Miocene. 

CERITHIUM ROCK. 
Abundance of the genus Cerithiu1n. Angelo Heilprin, 1887. Trans. Wagner 

Free Inst. Sci., vol. 1, pp. 11, 123. Older Miocene of Florida. 

CHATTAHOOCHE GROUP. 
Chattahoochee, river and town, northwestern Florida. D. W. Langdon, 1889; 

Am. Jour. Sci., 3d ser., vol. 38, p. 324. Basal Miocene, as shown in this essay. 

CHATTAHOOCHEE LIMESTONE. 
Typical exposure on the Chattaho~che River, northwestern Florida. W. H. Dall, 

1892; this essay, pp. 106, 107. Older Miocene. 

CHESAPEAKl~ FORMATION. 
Typicalexposures on the bay of that name. N.H. Darton, 1891; Bull. Geol. Soc. 

Am., vol. 2, p. 443. Includes the Miocene of Maryland and Virginia, and is 
the term stratigraphically equivalent to the expression "Yorktown Epoch" 
of Dana. 

CHESAPEAKE GROUP. 
Typically developed in the hydrographic basin of Chesapeake Bay. W. H. Dall, 

1891; Geological Magazine for June, 1891, p. 287; this essay, p. 123. 
Inclutles the Chesapeake formation of Darton and all other beds containing the 

same general fauna .... of the Atlantic and Gulf coasts of the United States. 

CHICO-TEJON GROUP. 
Chico, a town anrl. creek in Butte County, California, and Tejon, a fort in Kern 

County, California. C. A. White, 1885; U.S. Geol. Surv., Bull. No.15, p. 11. 
Cretaceo-Eocene. 

CHIPOLA BEDS. 
Typican~~ exposerl. at Chipola River, Florida. W. H. Dall, 1892; this essay, p. 112. 

Older Miocene of Florida.. 
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CHIPOLA MARL. 

Typically displayed on Chipola River, northwestern Fl?rida. W. H. Dall, 1892; 
this essay, p. 122. Older Miocene. 

=Chipola formation of Frank Burns (MS. notes), 1890. 

CLAIBORNE GROUP. 

Claiborne, a town, Monroe County, Alabama. T. A. Conrad, January, 1855; Proc. 
Phila. Acad. Nat. Sci., vol. 7, p. 257. Eocene. ''Claibornian," Heilprin; Proc. 
A cad. Nat. Sci. Phila., 1882, p. 184. 

CLAYTON GROUP. 

Clayton, Barbour County, Alabama. D. W. Langdon, July, 1891; Bull. Geol. 
Soc. Am., vol. 2, p. 594. Name applied to a phase of the Midway Eocene in 
eastern Alabama. 

CLEVELAND COUNTY RED LANDS. 

Red color of the soil in Cleveland County, Arkansas. Robert T. Hill, 1888; Ann. 
Rep. Ark. Geol. Surv., vol. 2, p. 58. Eocene. 

CORAL LIMESTONE. 

Characterized by fossil corals. Smith and Johnson, 1887; U. S. Geol. Surv., Bull. 
No. 43, p.18. Uppermost Eocene of Salt Hill, Clarke County, Alabama. 

CORYPHODON BEDS. 

Coryphodon, name of a characteristic genus. 0. C. Marsh, 1877; Am. Jour. Sci., 
3d ser., vol.14, p. 354. Lowest Eocene. 

See Wasatch group. 

CREPIDULA BED. 

C1·epidula, characteristic fossil. W. H. Dall, 1892; this essay, p. 255. Marine 
Miocene of Alaska. 

CUCHARA BEDS. 

Cuchara River, central Colorado. · R. C. Hills, 1891; "Remarks on the classifi
cation of the Huerfa.no Eocene." Abstract from vol. 4, pt. 2, Proc. Colo. 
Scientific Soc., February, 1891. Lower Eocene. 

DALLES GROUP. 

"The Dalles," a town, 'Vasco County, Oregon. Thomas Condbn; :first published 
by E. D. Cope, from Condon's MS. notes, June, 1880; Proc. Am. Philos. Soc., 
vol. 19, p. 61. Pliocene. t 

= f Equus beds. 
DENVER GROUP. 

Denver, Colorado. 0. C. Marsh, 1887. Am. Jour. Sci., 3d ser., vol. 34, p. 324. 
Eocene' ("Probably late Pliocene."-0. C. 1\f.) "D. Forma.tion,"Whitman 
Cross, Mining Industry, Augttst 3, 1888, and Am. Jour. Sci., 3d ser., vol. 37, 
p. 261. "Eocene." 

DE SOTO BEDS. 

De Soto, a supposed Pliocene lake in Florida named for the Spanish explorer. 
W. H. Dall, 1892; this essay, p. 133. Pliocene. 

Includes the lower marine Pliocene beds of Peace Creek and the Alachua clays. 
DINOCERAS BEDS. 

Dinocems, generic name of a characteristic fossil. 0. C. Marsh, 1877. Am. 
Jour. Sci., 3d ser., vol. 14, p. 354. Middle Eocene. 

=Green River group and Bridger group.-Marsh, 1877. 
= Bridger group.-Marsh, 1886. 

DIPLACODON BEDS. . 

Diplacodon, generic name of a characteristic genus. 0. C. Marsh, 1877. Am. 
Jour. Sci., 3d ser., vol. 14, p. 354:. Uppermost Eocene. 

=Uinta group.-Marsh. 
ECPHORA BED. 

E~phora, a characteristic genus. W. H. Dall, 1892; this essay, p. 124. Newer 
Miocene of Alum Bluff, Chattahoochee River, Florida. 
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~tJ~, Ionic form for Att. "w~ =Lat. Au1·ora; dawn, and Katvu~, ~' bv, Lat. 1·ecens; 
new, fresh, recent. Charles Lyell, 1833 (1832, lectures delivered at Kmg's 
College, I:ondon). Principles of Geology, 1st eel., aboutp. 53 of vol. 3. 

NoTE.-We have not had access t{) the volume itself; the above data are mainly derived 
from statementsmade in Lyell's Principles of Geology. ed. of1834, vol. 1, pp. xiv, xv and 
vol. 3, pp. 305, 306, and in Lea's Contributions to Geology, introd. p. 14. It should be 
noted that the conclusions and researches, which finally resulted in the classification for 
which the terms Eocene, Miocene, Pliocene, and post-Pliocene were framed, were the joint 
work of Lyell and G. P. Deshayes. See Bull. Soc. geol. de France, 1830, vol. 1, pp.l85-l!l8. 

Eo-LIGNITIC. 

~tJ~, dawn, and lignitic. Angelo Heilprin, 1881. P.roc. Acad. Nat. Sci., Phila., 
1881, p. 159, foot-note. Lower Eocene. 

EQUUS BEDS. 

Equus, a characteristic genus. 0. C. Marsh, 1877. Am. Jour. Sci., 3d ser., vol. 
14, p. 355. See also plate accompanying "Introduction and Succession of 
Vertebrate Life in America." Author's edition, 1877. Upper Pliocene. 
Pleistocene.-G. K. Gilbert, U. S. Geol. Surv., Mon. vol. 1, 1890, p. 393. 

EVERGLADES LIMESTONE. 

Rock forming· about the margin and underlying the basin of the Everglades of 
Florida. W. H. Dall., 1891; this essay, p. 154. Pleistocene and recent. 

FAYETTE BEDS. 

Fayette, a county of Texas. R. A. F. Penrose, jr., 1889. First. Ann. Rep. Geol. 
Surv. Tex., 1890, p. 47, of Penrose's Rep. Equivalent at least in part to the 
Grand Gulf (Miocene). 

FERRUGINOUS GRAVEL. 

Character ·of the beds. W. H. Dall, 1892; this essay, p. 109. Older Miocene of 
Hawthorne beds of Florida and Georgia. 

FLATWOODS CLAY. 

Characteristic gray clay formation of the Flatwoods region; a level tract of 
land bordering the Cretaceous on the west, from Tippah to Kemper County, 
Mississippi. Eng. W. Hilgard, 1860. Agric. and Geol. Miss., pp. 110, 112, 113. 
Lowest Eocene. 

FLORIDIAN SIWIES. 

Typically developed in the State of Florida. Angelo Heilprin, 1887. Trans. 
Wag. Free. lust. Sci., vol. 1, p. 32. "The Pliocene series of the Caloosa
hatchie." Loc cit. 

=Floridian group, partim, this essay, which includes in this group all the Plio
cene beds of Florida. 

FLORIDITE PHOSPHATIC ~OCK. 

Phosphate bearing; locality, Florida. E. T. Cox, 1890; Am. Nat., vol. 24, p. 1185. 
Eocene. 

FORT UNION (OR GREAT LIGNITIC) GROUP. 

Fort Union, western North Dakota. F. B. Meek and F. V. Hayden, 1861; P oc. 
Phila. Ac. Nat. Sci., 1861, vol.13, p. 433. Eocene or Laramie. 

GALISTEO GROUP. 

Gallisteo (Galisteo) Creek, New Mexico. J. J. Stevenson, 1881; U.S. Geol. Surv. 
W.100th Mer., vol. 3, Suppl., p.159. "Miocene or early Pliocene." 

GALLISTEO (SAND) GROUP. 

Gallisteo Creek, New Mexico. F. V. Hayden, 1869; Prelim. Field Rep. U.S. Geol. 
Surv. Colo .. andN. Mex. ThirdAnn. of Hayden'sSurv., 1869, p. 40. "Middle 
Tertiary," p. 90. "Cretaceous," Cope, 1875; Proc. Phila. Ac. Nat. Sci., p. 360. 
"Wasatch Eocene," Hayden, 1878; Am. Nat., p. 83. "Laramie," (f) Steven
son, 1881; U.S. Geol. Surv. W.lOOth Mer., p.160 (Suppl. to vol. 3). 

There seems to be some doubt as to what beds Hayden intended to apply this 
name. This may in part account -for the various ages assigned to the group. 

See Galisteo group, Stevenson. 
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GAY HEAD SERIES. 

Gay Head, a promotory on the extreme western end of the island of Marthas 
Vineyaru, off Massachusetts. N. S. Shaler, 1888; U.S. Geol. Surv., 7th .L!Jw. 

Rep., pp. 339, 340. Publ., 1888. 
This, according to Shaler (in litt.), includes that portion of the Vineyard series 

shown at Gay Head; consequently we must reganl it as in part Cretaceous 
and in part Upper Miocene, or Pliocene. 

See Vineyard series. 

GNATHODON BED. 

Gnathollon, a characteristic genus. W. H. Dall, 1892; this essay, p.164. FossiJif. 
erous bed in Grand Gulf group, Mississippi. 

GRAND GULl<' GROUP. 

Grand Gulf, a village in Claiborne County, Mississippi. Eng. W. Hilgard, 1860; 
Rep. Agric. anu Geol. ot Miss., pp. 108, 147. Miocene. 

Sometimes called the Southern Lignitic group. 

GRAND GULF SANDSTONE. 

Grand Gulf, a village, Claiborne County, Mississippi, where the sandstone is 
is typically exposed. L. C. Wailes, 1854; Agric. of Miss., p. 216. :Miocene. 

This sandstone forms the most characteristic phase in the Grand Gulf group of 
Hilgard (q. v.). 

GREAT CAROLINIAN BED [of marl]. 
Typically developed in South Carolina. Edmund Ruffin, 1843. Report on the 

Commencement and Progress of the Agric. Surv. of S. C., p. 7. Eocene. 

GREEN RIVER GROUP. 

Green River, southwest Wyoming. F. V. Hayden, 1869. Prelim. Field Rep. U. 
S. Geol. Surv. of Colo. and N.Mex., p. 90. Eocene. 

Subdivided into Upper an{l Lower Green River groups by Powell. (Geol. Uinta 
Mts., 1876, pp. 40, 45, 46.) 

See Diuoceras beds and Haliobatis beds. 

GREEN SAND. 

An expression used by A. Winchell to denote a supposed stratigraphic unit in the 
Alabama Eocene series. He would have it include beds that arenowkuown 
to belong to the Claiborne group, as well as others that belong to the Lig
nitic series, maintaining in the meantime that they are all above the Buhr
st~ne. The impossibilities of these conditions will be at once apparent by 
consulting the generalized sections in Bull. No. 43, U. S. Geol. Surv.; Proc. 
Am. A. A. Sci., 1856, vol. 10, p. 86. 

GROUND ICE FORMATION. 

Interstratified ice of Kotzebue Sound and northern Alaska. W. H. Dall, 1892; 
this essay, p. 260. Pliocene or early Pleistocene. 

GULF GROUP. 

Proximity to the Gulf of Mexico. Otto Myer, 1888. Am. Geologist, vol. 2, p. 89. 
Includes all the Tertiaries of the Gulf States . 

.ffATCHETIGBEE SERIES. 

Hatchetigbee, a bluff on Tombigbee River, Washington County, Alabama. Smith 
and Johnson, 1887. U. S. Geol. Surv., Bull. No. 43, p. 39. Eocene. 

flA WTHORNE BEDS. 

Hawthorne, a village o.f Alachua County, Florida. W. H. Dall, 1892; this 
essay, p. 107. Basal Miocene. 

HELIOBATIS BEDS. 

Heliobatis, characteristic genus. 0. C. Marsh, 1886. Mon. on Dinocerata, pp. 
6-7. Middle Eocene. 

=Green River beds.--Marsh. 
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Hickman, a town, Fulton County, Kentucky. n. H. Loughridge, 1888. Geol. 
Surv. Ky. Jackson PurcJ:tase region (F), p. 37. Lowest Eocene. 

HUERFANO BEDS, 

Huerfano River, Routh central Colorado. R. C. Hills, 1888. Proc. Colo. Sci. Soc., 
vol. 3, pt. 1, 148. Eocene. 

Hnerfano series, Hills. "Remarks on the Classification of the Huerfano Eocene." 
Abstract from vol. 4., pt. 2, Colo. Sci. Soc., Feb. 1891. 

HUMBOLDT GROUP. 

Humboldt Valley, Nevada. Clarence King, 1876; Atlas accompanying U.S. 
Geol. Explor., !Oth Par., 1876, map iii, western half. Vol. 1 of the report of 
the above expeilition, p. 434; "Pliocene." 

Probably Loup Fork Miocene. 
Includes the Salt Lake group of Hayden. 

IDAHO FORMATION. 

Idaho, a State. E. D. Cope, 1883; Pro c. Phila. Ac. Nat. Sci., 1883, p.135; "earlier 
Pliocene." 

=Idaho beds, Cope, Am. Nat., 1889, vol. 23, p. 354. 

INFUSORIAL EARTH. 

Stratum containing Infusoria. J. W. Bailey, 1850; Smithsonian Contr. to Know
ledge, vol. 2, No. 8, p. 19; older Miocene of Tampa, Florida. 

Recent observations make the infusorial character of this bed somewhat ques
tionable. 

INFUSORIAL STRATUM. 

Stratum containing Injuso1·ia. W. B. Rogers: 1840; Rep. of Prog. of the Geol. 
Surv. of Virginia for 1840; or, A Reprint of the Annual Reports and Other 
Papers on the Geology of the Virginias, 1884, p. 449; .Miocene. 

INTERMEDIATE YELLOW CLAYS AND SANDS. 

Intermediate between the "northern" and" southern" Tertiary of Delaware. 
J. C. Booth, 1837-'38; Mem. Geol. Surv. Del., Senate eel., p. 49; Miocenef 

JACKSON GROUP. 

Jackson, a village, Hinds County, 1\fississippi. T. A. Conrad, 1855; Proc. Phila. 
Acad. Nat. Sci., vol. 7, p. 257; Upper Eocene. 

"Jackson Tertiary;" see Wailes's Geol. Mississippi, 1854, pp. 274, 289. 
"Jacksonian;" Heilprin, Proc. Phila. Acad. Nat. Sci., 1882, p.184. 

JACKSONVILLE LIMESTONE. 

Jacksonville, a town, northeast Florida. W. H. Dall, 1892; this essay, p. 124; 
newer Miocene. 

JOHN DAY GROUP. 

John Day River, northern Oregon. 0. C. Marsh, 1875; Am. Jour. Sci., 3d ser., 
vol. 9, p. 52; equivalent to the upper part of the White River (Miocene f) 
group. 

It will be noticed that at the place referred to Marsh does not use the expres
sion "John Day group," but "John Day basin." 

f=Northern extension of the Truckee group. 

KENAI GROUP. 

Kenai peninsula, Alaska. W. H. Dall, 1892; this essay, p. 234; Miocene of paleo
botanists, possibly Eocene. 

KOW AK CLAYS. 

Kowak River, northern Alaska. W. H. Dall, 1892; this essay, p. 2G5; Pliocene 
or Pleistocene. 
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LAFAYETTE FORMATION. 

Lafayette County, Mississippi. Hilgard, Safford, and McGee, 1891; Am. 
gist, August, 1891, pp. 129-131; Pliocene. 

The circumstances under which' this name L:.us come to be adopted instead of 
designations are set forth by the geologists concerned as follows: (Op. 
pp. 129-131.) 

"Orange sand, Lagrange, and Appomattox. The study lately bestowed 
the formations of the Southwestern States in connection with those of 
North, and especially those of the Atlantic slope by McGee, seems to 
a revision and redefinition of the above names desirable. The first 
Orange sand and Lagrange, were first applied in 1856, by Safford, to a 
of beds in west Tennessee that bear a very close resemblance in 
aspect; and in the mere reconnoissance then made by Safford of the 
were by him presumed to be of identical age. In a subsequent report 
Safford recognized the fact that a portion of the beds included by him 
above designation belonged to the Cretaceous; and he accordingly 
the 'Orange sand or Lagrange group' as being of Tertiary (probably 
age. 

"Meanwhile I bad, in 1856, examined the portion of Mississippi adjacent to 
Tennessee line, and in subsequent years up to 1860 the remainder of 
State. I had found what I presumed to be Safford's Orange sand 
widely developed in Mississippi than even in Tennessee, and found it over
lying the latest recognized Tertiary beds-the Grand Gulf rocks. Accord
ingly I adopted Safford's name in my Mississippi report of 1860, in which the 
features of the formation are described in considerable detail; and for rea
sons there given the 'Orange sand' is assigned to the early Quaternary. 

•' The intervention of the war prevented any early conference between Safford and 
myself on the subject; and it was only in 1869 that I learned that Safford 
assigned his 'Orange sand' and 'Lagrange,' aS' a unit, to the Eocene age. 

"During our subsequent correspondence it was developed thU.t lignitiferous beds 
of unquestionably Eocene, exposed not far from Lagrange, Tenn., were in
cluded by Safford within his group. I therefore suggested to him that the 
latter name should be retained for the yellow and gray lignitiferous sands of 
the Eocene t.hat immediately overlie the 'Flat wood' or 'Porter's Creek' 
beds, which themselves overlie directly, and almost conformably, the upper
most Cretaceous. The name of 'Orange sand,' on the other hand, it was 
agreed, should designate the higher series to which it is peculiarly appropri
ate. To this agreement we haye since adhered, and have therein been fol
lowed by other western geologists. 

"As stated in my Mississippi report of 1860, I had concluded from the descriptions 
of Tuomey and others that the Orange sand extended with more or less simi
larity of charaeter at least to South Carolina, and probably along the Atlan
tic coast plain as far north as 'V"ashington. 

"The excellent work carried out for some years past by McGee along the coastal 
plain of the Atlantic slope, while restricting somewhat the supposed north
ward extension of the formation, has shed much new light upon its general 
relations and regional modifications; and while the identity of the whole is 
unquestionable, and hence the prior designation (Orange sand) should stand 
in place of the name Appomattox applied by McGee to the Atlantic portion 
of the forma:tion, yet the deviation of the former name from the accepted rule 
of forming such names from type localities, as well as a certain degree of con
fusion that has occurred in its actual use, seems to render a change advisable. 

"At a late ·conference on the whole subject, participated in by Messrs. McGee, 
Joseph LeConte, Loughridge, and myself, it was suggested that in view of 
the various objections to all the later names, that of 'Lafayette,' which the 
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formation had borne for several years in my early field notes (from the type 
localities in Lafayette County, Miss., where I first discriminated it from the 
Eocene sands), might appropriately be adopted, with the assent of Safford, 
as one of the parties to the former agreement. This having been secured, it 
would seem advisable that all unite upon the use hereafter of 'Lafayette' 
as the equivalent of the Orange sand (as understood by Safford and myself) 
ofthe Southwest and of the Appomattox as defined by McGee for the Atlan
tic and Southeastern States. Whatever differences of opinion may exist in 
regard to the genesis of the formation, or the assignment of particular local 
phases, will be more readily discussed and reconciled when a single name 
only is employed by all. 

"E. W. HILGARD. 
"BERKLEY, CAL., June 15, 1891." 

"The above paper was sent to me previous to publication for examination, and, if 
acceptable, for my approval. Prof. Hilgard has given the correc-.; history of 
the names 'Orange sand' and 'Lagrange,' and, in the prospect of har
monizing views all around, thereby facilitati:o.g the study of the beds con
cerned, I heartily concur in the conclusion reached by him in conference 
with the gentlemen mentioned above. It is pleasant to know that in im
portant points a satisfactory understanding now exists. 

"JAS. M. SAFFORD. 
"NASHVILLE, TENN., June 22, 1891." 

LAGRANGE GROUP, or ORANGE SAND. 
Lagrange, a village, :Fayette County, Tennessee. J. M. Safford, 1864; Am. Jour. 

Sci., 2d ser., vol. 37, p. 369. 
Regarded then as Eocene; now considered by McGee as belonging to the Appo

mattox (Pliocene) formation. 
See under Lafayette formation. 

LIGN1TIC, or LIGNITE GROUP. 
Terms usecl loosely in American geology to denote-

(1) Portions or the whole of the so-called Laramie group. 
(2) That portion of the Eocene of the Gulf states which lies beneath the Bnhr

stone formation; the Eo-lignitic of Heilprin, Northern Lignite of Hilgard, 
Bluff Lignitic of Safford. 

LOUP FORK TIEDS. 
Loup Fork of Platte River, central Nebraska. F. V. Hayden and F. B. Meek, 1861; 

Proc. Phila. Acad. Nat. Sci., vol.13, pp. 433,435. "Pliocene." Miocene accord
ing to Cope. 

= Loup Fork group. F. V. Hayden, 1863; Am. Jour. Sci., 2d ser., vol. 33, p. 312. 

MANSFIELD GROUP. 
Mansfield, a town, DeSoto Parish, Louisiana. Eng. W. Hilgard, 1869; "Prelim. 

Rept. Geol. Reconn. La.," DeBow's Review, Sept., 1869, p. 9; also Am. Jour. 
Sci., Nov., 1869. 

Regarded at first as intermediate in age between the Jackson and Vicksbnrg 
Eocene; more recently (Hopkin's 2d Ann. Rept. Geol. La., p. 8, and Hilgard's 
"Suppl. and Final Rept. Geol. Reconn. La.," pp. 40, 41) shown to be a subdi
vision of the Jackson. 

MANTI BEDS. 
Manti, name of a valley and town in easteTn Utah. E. D. Cope, 1880; Am. Nat., 

vol. 14, p. 304. Middle Eocene, probably equivalent to the Green River shales. 

MALARYNDIAN (or Lower Atlantic Miocene). 
Typically deYeloped in Maryland. Angelo Heilprin, 1882; Proc. Phila. Acad. Nat. 

Sci., 1882, p. 183. "Lower Miocene." 
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MEGALONYX BEDS. 

Megalonyx, name of a characteristic genus. E. D. Cope, 1879; Bull. U. S. GeoL 
Surv. Terr., vol. 5, pt.l, p. 48. Later Pliocene or Pleistocene. 

MIDWAY SERIES. 

Midway, a plantation and landing on Alabama River, Wilcox County, Alabama. 
Smith and Johnson, 1887; U.S. Geol. Surv. Bull. No. 43, p. 62. Lowest Eocene. 

:MlLIOLITE LIMESTONE. 

From the various MiHolite foraminifera it contains. Angelo Heilprin, 1887; 
Trans. Wagner Free Inst. Sci., vol. 1, p. 4. Upper Eocene, or "Oligocene" of 
Florida. 

MIOCENE. 

petwv (irreg. comp. of JltKpo~), less, and tcatvo~, recens, new. Charles Lyell, 1833 
(lectures at King's College, May or June, 1832); Principles of Geology, 1st 
ed., vol. 3, (about) p. 53. 

See Eocene. 

MIOHIPPUS SERIES. 

Miohippus, a characterist,ic genus. 0. C. Marsh, 1877; Am. Jour. Sci., 3d ser., voL 
14, p. 355. Miocene. 

This term has priority over all others in designation of a certain series of depos. 
its in Oregon now known commonly by the term John Day beds or group
The expression "John Day basin" was coined ·by Marsh in 1875, but this 
basin includes Loup l<'ork beds as well. The name Truckee group was in 
print as early as 1875, but the correlation of the Oregon deposits with those 
of the typical locality of this group is, in a measure, open to criticism. 
Cope's name, "Oregon beds," was applied in 1879. 

MISSISSIPPI CLAYS. 

Developed in the basin of Mississippi River. W. H. Dall, 1892; this essay, p. 
157. Miocene of Grand Gulf perezone. 

MONUMENT CREEK GROUP. 

Monument Creek, Central Colorado. F. V. Hayden, 1869; Prelim. Field Rept. U. 
S. Geol. Surv. Colo. and N.Mex., pp. 39, 40. Miocene, probably. (See Rept. 
U. S. Geol. Surv. Terr., 1873, p. 430.) 

MYTILUS BED • 

.Mytilus condoni, characteristic fossil. W. H. Dall, 1892; this essay, p. 228. Plio
cene of Shoalwater Bay, Washington. 

NAHEOLA AND MATTHEWS LANDING SERIES. 

Naheola, a post-office and landing on Tombigbee River, Marengo County, Ala
bama; and Matthews Landing on Alabama River, Wilcox County, Alabama. 
Smith and Johnson, 1887; U.S. Geol. Surv. Bull. No. 43, p. 57. Eocene. 

NANAFALIA SERIES. 

Nanafalia, name of a village in Marengo County; also a landing and bluff on 
Tombigbee River, Alabama. Smith and Johnson, 1887. U. S. Geol. Surv. 
Bull., No. 43, p. 51. Eocene. 

NASHAQUITSA SERIES. 

Nashaquitsa Cliffs, southwest part of Martha's Vineyard, Massachusetts. N. S. 
Shaler, 1888; B. S. Geol. Surv., 7th Ann. Rept., p. 343. "Pliocene, prob· 
ably." 

= Weyquosque series-Shaler. 

iiAUSHON SERIES. 

Naushon, name of an island between Martha's Vineyard and the mainland. N 
S. Shaler, 18~8; U. S. Geol. Surv., 7th Ann. Hept., p. 342, Pl. :xx. Late Plio
cene or Quaternary. 
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Niobrara River, northern Nebraska. F. V. Hayden, 1870; U.S. Geol. Surv. Terr., 
4th Ann. Rept., p. 170. Formerly regarded as Pliocene; according to Cope, 
Miocene. "Niobrara basin," Marsh, Am. Jour. Sci., 1875, 3d ser., vol. 9, 
p. 52. 

= Loup Fork group. 

NORTHERN LIGNITIC. 

Containing lignite, and lying north of the marine Tertiary in Mississippi. Eug. 
W. Hilgard, 1860. Agric. and Geol. Miss., p. 110. Lower Eocene. Eo-lig
nitic of Heilprin. 

NORTHERN TERTIARY. 

Northern portion of the Tertiary in Delaware. James C. Booth, 1837-'38; Memoir 
Geol. Surv. Del. Senate edition, p. 48. 

NORTH PARK DEPOSITS. 

North Park, northern Colorado. A. Hague, 1877; U. S. Geol. Exp. 40th Par., 
vol. 2, "Descriptive Geology," p. 128; also Map 1 of Atlas accompanying the 

·report of this exploration. 1876. 
Dr. C. A. White informs us that this sheet was printed in advance of the Atlas 

and was distributed as early as November, 1875. 
Pliocene~ 

NULATO SANDSTONE. 

Nulato, village on the Yukon River, Alaska. W. H. Dall, 1892; this essay, p. '247 
Miocene. 

NUMMULITIC BEDS. 

Prevalence of Nummulites. W. H. Dall, 1892; this essay, p. 103. 
Include the foraminiferal phases of the uppermost part of the Vicksburg group 

in Flori'da as well as the deposits of floridite, which have resulted from 
their modification in the presence ofphosphoric acid. 

NUMMULITIC LIMESTONE. 

Abundance of a supposed Nummulite ( Orbitoides mantelli). Samuel G. Morton, 
1834. Synop. Organ. Rem. Cret. Group, p. 22. 

Then supposed to be Upper Cretaceous. Shown by Lyell in 1846 to be Upper 
Eocene. In 1847, when Lyell, through the aid of his friend, Mr. Forbes, 
found that the so-called Nummulites mantelli should be referred to the genus. 
Orbitoides, he immedtately adopted the term "Orbitolite limestone" for this 
deposit. See Am. Jour. Sci., 1847, 2d ser.,vol. 4, p. 189. 

The term "Nnmmulitic limestone" has been applied by Heilprin to an Upper 
Eocene bed of Florida, characterized. by Nummulites willcoxii. See Trans. 
Wagner Free lnst. Sci., 1887, vol.1, p. 4.' 

OCALA GROUP. 

Typical locality at Ocala, Florida. W. H. Dall, 1892; this essay, p. 331. 
Includes the various foraminiferal limestones in which the :Floridian and Geor

gian Eocene culminates, above the typical Orbitoideslimestone. 

OCALA LIMESTONE. 

Typically developed at Ocala, Florida. W. H. Dall, 1892; this essay, p. 103. 
Eocene or "Oligocene." 

"Ocala nummulitic bed," Dall, Trans. Wagner l!"'ree Inst. Sci., 1890, vol. 3, p. 9. 
Nummulitic limestone of Heilprin, non Morton. 

0CHEESEE BEDS. 

Typically developed at Ocheesee, Jackson County, Florida. W. H. Dall, 1892; 
this essay, p. 105. Older Miocene. 

/ 
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ORANGE SAND GROUP. 

Orange color of its component sands. James M. Safford, 1856. Geol. 
Tenn., 1st Bimm. H.ep., p.161. 

This narne Safford here applies to the ''Cretaceous system" of Tennessee. 
article in the Am. Jour. Sci.,2dser., vol. 37, and in his ''Geology of 
nessee," 18G9, the same term is used to designate the medial portion 
Tertiary series of this State. Finally in 1876 (See Elem. Geol., by 
and Killebrew) the term is applied to the lowest member of the post-
ary. 

For Hilgard's application of the same. See Agric. and Geol. Miss., 
considers it Quaternary. 

McGee includes the greater part of Hilgard's ''Orange sand" in his 11..n.ppuu~ii~~~~~ 
formation;" Am. Jour. Sci., July, 1890, 3d ser. vol. 40. See Lafayette 
mation. 

As used in this ess::ty the Orange sand refers solely to the 
the Appom:1ttox formation. 

0RBITOIDES LIMESTONE. 

Abundance of Orbitoides mantelli. M. Tuomey, 1850. 1st Bienn. Rep. Geol. 
pp. 154-157. Eocene. 
See Nnmmulitic limestone. 

0RBITOLITE LIMESTONE. 

Abundance of Orbitoides mantelli. Charles Lyell, 1847. Am. Jour. Sci., 
2d ser., vol. 4, p. 189. Upper Eocene. Vicksburg group, partim. 

See Nummulitic limestone. This bed has also been called Orbitoides rock: 
prin; Proc. Phila. Ac. Nat. Sci., 1881, p. 155; Orbitoitic, Heilprin, 
Phila. Ac. Nat. Sci., 1882, p. 184. Orbitoides limestone, 'I'uomey, 1st 
Rep. Gcol. Ala. 

0RBITOLITE LIMESTONE. 

Abundance of 01·bitolites jloridanus (Con.) Heilprin. Angelo Heilprin, 1887, 
Trans. Wag. Free lust. Sci., vol. 1, pp. 4, 12. Lower Miocene. 

'£his name is used by Heilprin, loc. cit., to distinguish "a type of foraminiferal 
rock" and not as the name of a formation or a stratigraphic unit. 

=Tampa limestone, q. v. 

OREGON BEDS. 

Oregon, a State. E. D. Cope, 1879. U. S. Geol. Surv. Terr. Bull., vol. 5, No.1, 
p. 50. Miocene. 

This name was withdrawn by its author in 1884 (Bull. 3, U. S. Geol. Surv. Terr., 
p. 16) because King's name "Truckee group" was supposed to include the 
same deposits. 

=John Day group. 
See Miohippus series. 

0REODON BEDS. 

Oreodon, name of a characteristic genus. F. V. Hayden, 1862. Trans. Am. PhiL 
Soc., 2d ser., vol. 12, pt. 1, p. 31. Miocene, or perhaps Oligocene. 

A subdivision of the White River group. 

0RTIIAULAX BED. 

Prevalence of the genus 01·thattlax. W. H. Da,ll, 1892; this essay, p. 113. Older 
Mior<'ne of Floritla.. 

The bed has also been known colloquially as the Tampa silex bed; see Dall, 
Trans. Wag. Free Inst. Sci., 1890, vol. 3, p. 47. 

OYSTER MAHL. 

Abundance of the genus Ostrea in the marl along Peace Creek, Florida. W. H. 
Dall, 1892; this essay, p. 132 Lower Pliocene. 
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Typically. exposed on the river of that name in Virginia. N. H. Darton, 1891. 
Bull. Geol. Soc. Am., vol. 2, p. 439. 

Includes the Eocene beds of Virginia and Maryland, and is the equivalent of the 
Eocene of Rogers and Conrad. 

pATUXENT BEDS. 

Typically exposed on the Patuxent River, Maryland. W. H. Dall, 1892; this essay 
p. 157. 

Provisional term, to include the lower Chesapeake Miocene if the latter prove 
divisible. 

PEACE CREEK BONE BED. 

Vertebrate remains near Peace Creek, Florida. W. H. Dall, 1892; this essay, p. 
130. Older Pliocene. 

PERNA BEDS. 

Prevalen.ce ofthe genus Perna. Angelo Heilprin (colloquial f) 1884. Jour. Acad. 
Na-t. Sci., 2d ser., vol. 9, p. 13. Older Chesapeake Miocene of Patuxent River, 
near Benedict, Maryland. 

PLANORBIS ROCK. 

Planorbis, an abundant and characteristic genus contained in it. W. H. Dall, 
1892; this essay, p. 143. Uppermost Pliocene bed of Florida. 

PLIOCEI\"'E. 

'lrAeLCJV (comp. of 1roA.v~, many) more; and K.a1v&,, recens, new. Charles Lyell, 1833. 
Principles of geology, 1st ed., vol. 3 (about), p. 53. 

In a course of lectures delivered at King's College, London, during May and June, 
1832, Lyell communicated to the public his views on the Tertiary formations, 
and accordiugly the names Eocene, Miocene, and Pliocene may have been 
published in some scientific periodicals during the same year. 

See Eocene. 

PLIOHIPPUS BEDS. 

Pliohippus, a characteristic genus. 0. C. Marsh, 1877. "Introduction and Suc
cession of Vertebrate Life." Plate. Author's edition, 1877. "Lower Plio
cene."-Marsh. Upper Miocene.-Cope. 

POISON CANYON SERIES. 

Poison Canyon, along Poison Creek. South central Colorado. R. C. Hills, 1888. 
Proc. Colo. Sci. Soc., vol. 3, pt. 1, p. 152. Eocene. (Applied to the lithologi
cal sequence of the Huerfano Eocene in Poison Canyon.") 

Poison Canyon beds, Hills, 1891; "Remarks on t.he classification oftheHuerfano 
Eocene." Abstract from Proc. Colo. Sci. Soc., vol. 4, pt. 2. 

PORTERS CREEK GROUP. 

Porters Creek, Hardeman County, Tennessee. Jas. M. Safford, 1864. Am. Jour. 
Sci., 2d ser., vol. 37, p. 368. Lower Eocene. 

In their Elementary Geology of Tennessee, 1876, Safford and Killebrew substitute 
for this name that of Hilgard, i. e., Flatwoods sands or group. 

Shown by Loughridge to be stratigraphically continuous with Safford's "Bluff 
lignite." See Geol. Surv. Ky., Jackson Purchase Region (F), 1888, p. 41. 

PROCAMELUS BEDS. 

P1·ocamelus, characteristic genus. E. D. Cope, 1879. U. S. Geol. Surv. Terr. Bull., 
vol. 5, pt. 1, pp. 50-52. Upper portion of the Loup l<"'ork "Miocene." 

PUGET GROUP. 

Puget Sound, Washington. C. A. White, 1888. Am. Jour. Sci., 3d ser., vol. 371 

p. 443. Eocene or Laramie. 
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RED BLUFF GROUP. 

Red Blutt', a railway station, Wayne County, Mississippi. Eug. W. Hilgard, 
Agric. and Geol. Miss., 1860, pp.135--6. Eocene. Probably includes 
"Shell Bluff group." 

RED HILLS. 

Color of the formation in South Carolina. Colloquial expression locally in 
for the area covered by the red Buhrstone formation, and in the 
works of Tuomey and subsequent writers; but, perhaps, never 
assigned a definition in systematic stratigraphy. Upper Claiborne 
of South Carolina. 

SALT LAKE GROUP. 

Salt Lake, Utah. F. V. Hayden, 1869. Prelim. Field. Rep. U.S. Geol. Surv. 
and N.Mex., p. 92. "Pliocene." Miocene of Cope. t 

= Humboldt group of King (partim), see Hayden's 7th Ann. Rep., 1877, p. 640. 

SAND HILLS. 

Composition of the formation in South Carolina . 
.A local expression occasionally used by geologists treating of the region, 

ing the area where the country rock is composed of white siliceous 
stone in contradistinction to the red Buhrstone. 

Lower Claibornian Eocene. 

SAN FRANCISCO GROUP. 

San Francisco, city and county of California. J. S. Newberry, 1857; Pac.R. 
Rept., vol. 6, pt. 2, p. 11. Miocene, for the most part. 

SANTA FE MARLS. 

Santa Fe, a town in New Mexico. F. V. Hayden, 1869. 
U. S. Geol. Surv. Col. and N.Mex., p. 66. "Modern Tertiary," p. 72. 

Shown in Cope's report to Wheeler, 1874, to be a member of the Loup 
division of the Miocene. 

SANTEE BEDS. 

Santee River, South Carolina. M. Tuomey, 1848. Rep. on Geol. of S.C., p.156. 
Eocene. 

SHELL BLUFF GROUP. 

Shell Bluff, bluff on Savannah River, Georgia. T . .A. Conrad, 1866. Am. Jour. 
Sci., 2d ser. vol. 41, p. 96. Upper Eocene. 

The meager grounds upon which this so-called group was founded are clearly 
pointed out by Eug. W. Hilgard in an article in the Am. Jour. Sci.,2dser., 
vol. 42, pp. 68-70. Its characteristic phase, as exhibited in the State of 
Mississippi, doubtless falls into Hilgard's Red bluff group, q. vid. 

SHILOH MARLS. . 

Shiloh, a hamlet of Cumberland County, New Jersey. W. H. Dall, 1892; this 
essay, p. 40. Older Miocene of New Jersey. 

SILICEOUS CLAIBORNE. 

Siliceous character of the rocks in contrast with the calcareous Claiborne beda 
above. Eug. W. Hilgard, 1860. Agric. and Geol. Miss., p. 123. Eocene. 

On page 226 of vol. 20, .Am. Assoc . .Adv. Sci., 1871, Hilgard accepts the tel'lll 
"Buhrstone" of Lyell and Tuomey for his "Siliceous Claiborne." See also 
explanation of the accompanying map opposite page 222 of that article. 

SOLEN BEDS. 

Prevalence of the genus Solen. Thomas Condon; first published by Cope from 
MS notes of Dr. Condon. .Am. Nat., 1880, vol. 14, p. 457. Upper Miocene 
of Oregon, Coo.don. 

SOPCHOPPY LIMESTONE. 

Sopchoppy, a village, Wakulla County, Florida. W. H. Dall, 1892; this essay, 
p. 119. Older Miocene. 
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Staketl Plains, Llano Estacado, northwestern Texas. R. T. Hill, 1889. Proc. Am. 
Assoc. Adv. Sci., vol. 38, p. 243. "Later Tertiary or early Quaternary." 
Tertiary, Hill; Amer. Geol., Feb., 1890. 

ST. MARY'S BEDS. 
Typically exposed on St. Mary's River, Maryland. W. H. Dall, 1892; this essay, 

p. 157. 
Provisional term for the upper Chesapeake Miocene if the latter prove divisible. 

ST. STEPHEN'S GROUP. 
St. Stephen's Bluff, Washington County, Alabama. T. A. Conrad, 1855; Proc. 

Phila. Acad. Nat. Sci., vol. 7, p. 257. Upper Eocene. 

SOUTHERN LIGNITIC GROUP-Grand Gulf group. 
Hilgard writes (in litt.): "I have always used Grand Gulf group as the :final 

equivalent of the designation first adopted in my field notes, viz, Southern 
Lignitic. The latter designation has hardly been used enough to entitle it 
to more than mere mention, and it is misleading because of the lignitic 
facies of the Port Hudson beds of the Gulf border." 

SOUTHERN TERTIARY. 
Southern portiOn of the Tertiary in Delaware. J. C. Booth, 1837-'38; Memoir 

Geol. Surv. Del., Senate edition, p. 49. 

SUMTER BEDS. 
Sumter, name of a town and county of South Carolina. M. Tuomey, 1848; 

GeoJ. Surv. S.C., p.178. "Pliocene;" probably a mixture of both Miocene 
and Pliocene. 

Sumter epoch, Dana; Manual of Geology, 1862, pp. 506-511. This term as used 
by Dana seems to have been intended as an equivalent in the nomenclature 
of American stratigraphy for the term Pliocene Period. 

SWEETWATER GROUP. 
Sweetwater River, south central Wyoming. F. V. Hayden, 1870. 4th .Ann. 

Rep. U. S. Geol. Surv. Terr., 1871, p. 29. Eocene, probably. 

TAMPA BEDS. 
Typically exposed about Tampa, Florida. W. H. Dall, 1892; this essay, p. 112. 

Miocene. 
Include the cherty beds of Hillsboro River and Tampa limestone. 

TAMPA FORMATION. 
Typically exposed at Tampa, Florida. L. C. Johnson, 1888; Am. Jour. Sci., 3d 

ser., vol. 36, p. 235. Miocene (at least in part. There is serious doubt as to 
whether the" formation" as defined is a stratigraphic unit.) 

=Tampa limestone, Dall (partim). 
TAMPA GROUP. 

Typically exposed at Tampa, Florida. W. H. Dall, 1892; this essay, p. 112. 
Older Miocene, between the Chattahoochee and Chesapeake groups. 

TAMPA LDIKSTONE. 
Typically exposed at Tampa, Florida. Heilprin (colloquially), 1887; Trans. 

Wagner Free lust. Sci., vol. 1, p. 52. Dall (specifically), 1891; this essay, 
p.117. Older Miocene. 

Tampa Silex beds. Dall, Trans. Wag. Free Inst. Sci., 1890, vol. 3, p. 47. 
See Orthaulax bed. 

TEJON GROUP. 
Fort Tejon, Kern County~ California. W. M. Gabb, 1869; Geol. Surv. Cal., Pal., 

vol. 2, pp. xii-xiii. Eocene. 
On the pages above referred to it is stated that Gabb read a paper before the 

National Academy of Sciences at Northampton, Massachusetts, in August 
ll868], wherein the above-mentioned group was defined. 
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TICHOLEPTUS BEDS. 

Ticholeptus, name of a characteristic genus. E. D. Cope, 1879; Bull. U. S. Geol 
Surv. Terr., vol. 5, pt. 1, pp."50-52. 

"Intermediate in all respects between the Middle and Upper Miocene formationa 
of the West, as represented by the John Day and Loup Fork beds."-Cope, 
Am. Nat., 1886, vol. 20, p. 367. 

Til\iBEI~ BELT OR SABINE RIVER BEDS. 

Timber belt, a term applied to a certain wooded belt in Texas, and Sabine River, 
Texas. R. A. F. Penrose, jr., 1889; 1st Ann. Rep. Geol. Surv. Tex., 1890; 
p. 22 of Penrose's Report. Eocene. 

TITANOTHERIUM BED. 

Titanotherium, name of characteristic genus. F. V. Hayden, 1857. Proc. Phila. 
Acad. Nat. Sci., 1857, p. 120. Oligocene. 

The lowest bed of the White River group. 

TRUCKEE GROUP. 

Truckee Mountains and River, Nevada. Clarence King, 1875; western half, map 
1 of atlas accompanying the Repts. U.S. Geol. Explor., 40th Par. See also 
vol. 1 of these reports, pp. 412, 424. 

Supposed by King and others to be of the same age as the John Day or Ortton 
beds in Oregon, and also the same as a part or the whole of the White River 
group east of the Rocky Moun tarns. 

TURRITELLA MARL. 

TLuTitella, a characteristic genus. W. H. Dall,)892; this essay, p. 147. Pliocene 
of the Caloosahatchie, Florida. 

TURTLE AND 0REODON BEDS. 

Abundance of turtle and Oreodon remains. F. V. Hayden, 1858; Proc. Phila. 
Acad. Nat. Sci., 1858, p. 150. Subdivision of the White River Miocene 
(Oligocene'.) 

TUSCAHOMA SERIES. 

· Tuscahoma Landing, Choctaw County, Alabama. D. W. Langdon, July, 1891; 
Bull. Geol. Soc. Am., vol. 2, p. 596. 

Lignitic Eocene. 

UINTA GROUP. 

Unita Mountains, Utah. Clarence King, 1876; atlas accompanying the 40th Par. 
Rcpt., 1876. Upper Eocene. 

In 1871 Marsh (Ant. Jour. Sci., 3d ser., vol. 1, p. 196) uses the term" Uintah 
basin" for the depression in which this group was deposited. 

Brown's Park group, Powell.-White. 
Diplacodon beds, Marsh.-Marsh. 

UNGA CONGLOMERATE. 

Unga Island, Shumagin Islands, Alaska. W. H. Dall, 1892; this essay, p. 23!. 
Upper beds of the Kenai group, early Miocene or latest Eocene. 

VENUS CANCELLATA mm. 
Prevalence of this species in the bed. Angelo Heilprin, 1887; Trans. Wag. Free 

Inst. Sci., vol. 1, pp. 31, 32. "Post-Pliocene" of south Florida. 
The bed to which this name was first applied has been proved to be late Plio

cene; and to Pliocene beds of this character Dall has restricted the name, 
reservmg for the similar Pleistocene beds the name of Bulla striata marls 
(q. vid.). 

VENUS CANCELLATA BED. 

Venus cancellata, a predominant species. W. H. Dall, 1892; this essay, p. 14:7, 
footnote. Upper Pliocene. 

Venus Cancellata bed ofHeilprin (partim). 
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Formed by the agency of that mollusk on the coast of Florida. W. H. Dall, 1892; 
this essay, pp. 153, 1&7. Pleistocene and recent "Worm rock" of the resi
dents of Florida. 

VERMILION CReEK GROUP. 
Vermilion Creek, north western Colorado. Clarence King, 1875; Map 1, western 

half, of atlas accompanying the 40th Par. Reports. Eocene. 
This particular sheet, Dr. \Vhite informs us, was printed in advance of the atlas • 

above mentioned, and a copy was sent him in November, 1875. See Wasatch 
group of Hayden. 

VICKSBURG GROUP. 
Vicksburg, a city of Warren County, Mississippi. T. A. Conrad, 1846; Am. JoUT. 

Sci., 2d ser., vol. 2, p.124. Upper Eocene. 
Otto Meyer divides this group into "Higher Vicksburgian, Middle Vicksburgian, 

and Lower Vicksburgian." Am. Jour. Sci., 1885, 3d ser., vol. 30, p. 71. 
As used in this essay the term comprehends both the "Jackson" and "Vicks

burg" groups of Conrad, and IS the equivalent of the "White Limestone" as 
used by Smith and Johnson. 

VINEYARD SERIES (or Marthas Vineyard series). 
Martha's Vineyard, an island off the southern coast of Massachusetts. N. S. 

Shaler, 1888; U.S. Geol. Surv., 7th Ann. Rept., p. 303. "Later Miocene or 
Pliocene," p. 332. Now known to include both Tertiary and Cretaceous beds. 

VIRGINIAN (Middle Atlantic Miocene). 
State of Virginia, in which the representative beds are well developed. Angelo 

~eilprin, 1882; Proc. Phila. Acad. Nat. Sci., 1882, p.183; "Middle Miocene." 

VOLCANIC TERTIARY. 
Volcanic origin of the material. F. H. Bradley, 1872; map of the source of Snake 

River; accompanying Hayden's Ann. Rep. for 1872, publ. 1873. 
WALDO FORMATION. 

Waldo, a village, Alachua County, Florida. L. C. Johnson, 1888; Am. Jour. 
Sci., 3d ser., vol. 36, p. 234. Miocene. 

As defined by Johnson this includes old Miocene phosphatic rock, forming one 
phase of the Hawthorne beds, with newer or Chesapeake Miocene limestone 
analogous to the Jacksonville limestone of Florida. The typical locality 
near Waldo belongs in the latter category. 

WASATCH GROUP. 
Wasatch Mountains, Utah. F. V. Hayden, 1869; Prelim. Field Rep. U.S. Geol. 

• Surv. Colo. and N.Mex., p. 91. Eocene. (See Cope; Proc. Am. Philos. Soc., 
Feb., 1872.) 

-Vermilion Creek group, King,~ 
=Bitter Creek group, Powell, according to Dr. C. A. White. 
=Washakee group, Ha.yden, 
=Coryphodon beds, Marsh. 

WASH.A.KEE GROUP. 
Washakee (Washakie) station, Sweetwater County, Wyoming. F. V.Hayden, 

1869; Prelim. Field Rept. U.S. Geol. Surv. Col. and N.Mex., p. 90. Eocene. 
See Wasatch group. 

WEYQUOSQUE SERIES. 
Weyquosque Cliffs, in southwestern part of Martha's Vineyard. N. S. Shaler, 

1888; U. S. Geol. Surv., 7th Ann. Rep., p. 320, and plate opposite p. 308. 
"Probably Pliocene."-Shaler. 

WmTE BEACH SANDROCK. 
White Beach, locality on Little Sarasota Bay, in western Manatee County, Florida. 

W. H. Dall, 1892; this essay, p. 114. Older Miocene. 
Bull. 84-22 
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WHITE LIMESTONE. 

Character and color of its component material. Charles Lyell, 1845 ; Quart. 
Jour. Gool. Soc. Lond., vol. 1, p. 429. Eocene ef South Carolina. 

White limestone, Tnomey; 1st Biennl. Rept. Geol. Ala., 1850, p. 154. 
Also in frequent use colloquially as an equivalent for the "Jackson group" 

limestone. 
White limestone, Smith and Johnson; U.S. Geol. Surv. Bull. No. 43, 1887, p. 19, 

equals the Upper Eocene of Alabama, or the" Vicksburg group" of this essay, 

WHITE RIVER GROUP. 

White River, southern South Dakota. F. B. Meek and F. V. Hayden, 1861. Proc. 
Phila. Acad. Nat. Sci., vol.18, pp. 443, 434. 

Regarded by Leidy as Eocene in 1852 (see Leidy's Memoir in Owen's Geol. Snrv. 
Minn., Iowa, Wisconsin, pp. 539-572), but upon paleontologic as well as strati
graphic evidence Leidy, Meek, and Hayden conclude that this gronp should 
be referred to the Miocene (Proc. Phila. Acad. Nat. Sci., 1857, p. 120). Later 
Cope (Am. Nat., vol. 18, p. 686) refers the same to the Oligocene; likewise 
Scott (Princeton Coll. Bull., 1890, vol. 2, No.4, p. 75). 

WIIITE SAND. 

Prevalent color of the beds in Florida. W. H. Dall, 1891. This essay, p. 156. 
Upper Pleistocene or recent. 

WILLOW CREEK BEDS. 

Willow Creek, central Colorado. Geo. H. Eldridge, 1888. "Mining Industry " 
of Denver, July 13, 1888. (See Am. Jour. Sci., 1889, 3d. ser., vol. 37, p . 263.) 

Mr. Eldridge finding this name preoccupied, substitutes for it "Arapahoe Beds," 
q.vid. 

WIND RIVER GROUP. 

Wind River, northwest ·wyoming. Meek and Hayden, 1861; Proc. Phila. Acad. 
Nat. Sci., vol. 13, p. 447. Eocene. 

In the American Naturalist, 1878, vol 12, p. 831, Hayden states that he named 
and dcscrilH'U this group in detail in 1859. Thus far we have failed to find 
this early description. 

=Wasatch gronp. Hayden, Am. ~at., 1878, vol. 12, p. 831. 
\VOODS BLU.I!'F OU BASH! SERIES. 

Woods Bluff, a river bluff, Clarke County, Alabama; Bashi Creek, Clarke County, 
Alabama, Smith and Johnson, 1887; U.S. Geol. Surv. Bull. No. 43, p . 43. 
Eocene. 

WYOMING CONGLOi\1ERATE. 

Typically developed in the State of Wyoming. Clarence King, 1875. Atlas 
sheet No. 1, western half, U. S. Geol. Explor. 40th Par. "Pliocene." 

YELLOW CLAYS OF Tim APPOQUINil\UNK HUNDRED. 

Appoqninimink Hundred, name given to a certain district in the State of Dela
ware. Jas. C. Booth, 1837-8. Memoir Geol. Surv. Del., Senate ed., p. 4:9, 
''Tertiary." 

YELLOW SAND. 

Color of the formation. W. H. Dall, 1891. This essay, p. 154. Late Pliocene or 
early Pleistocene of Florida. 

Y ORKTOWN EPOCH. 

Yorktown, York County, Virginia. J.D. Dana, 1862. Dana'sManualofGeology, 
1st ed., pp. 506-511. 

This term appears to have been used by Dana to indicate in American geological 
nomenclature the period of time occupied in the deposition of the Miocene 
and not as a stratigraphic term. Similarly the American Pliocene was de
posited during the epoch called by Dana the Sumter epoch. 
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LETTER OF TRANSMITTAL. 

DEP .A.RTMENT OF THE INTERIOR, 
U. S. GEOLOGICAL SURVEY, 

DIVISION OF GEOLOGIC CORRELATION, 
Washington, D. 0., February 12, 1892. 

SIR: I have the honor to transmit herewith a memoir by Mr. I. C. 
Russell on the Newark system, prepared for publication as a bulletin. 

The Division of Geologie Correlation was created for the purpose of 
summarizing e~sting knowledge with reference to the geologic forma
tions of North America and especially of the United States, of discuss
ing the correlation of formations found in different parts of the country 
with one another and with formations in other 'Dountries, and of dis
cussing the principles of geologic correlation in the light of American 
phenomena. The formations of each geologic period were assigned 
to some student already well acquainted with them and it was ar
ranged that he should expand his knowledge by study of the literature 
and by :field examination of classic localities and embody the results in 
an essay. The general plan of the work has been set forth on page 16 
of the Ninth Annual Report of the Survey and on pages 108 to 113 of 
the Tenth Annual Report, as well as in the letter of transmittal of Bul
letin No. 80. 

The present essay is the sixth of the series, having been preceded 
by essays on the Carboniferous and Devonian, the Cambrian, the Cre
taceous, the Eocene, and the N eocene, prepared severally by Messrs. 
Williams, Walcott, White, Clark, and Dall and Harris, and constituting 
Bulletins Nos. 80, 81, 82, 83, and 84. 

The subject originally proposed for Mr. Russell covered the entire 
Jura-Trias of North America, and he was invited to discuss not only 
the correlapion of American formations one with another and with Eu
ropean formations but also the question whether it w~s advisable in 
American geology to recognize the Jurassic and the Triassic separately 
as periods coordinate with the Devonian and the Carboniferous, or only 
to recognize the Jura-Trias as a single period. Circumstances subse
quently led to important modifications of this arrangement. In the 
formulation of a plan for the preparation of the geologic atlas of the 
United States it was found necessary to adopt and define a scheme of 
geologic periods without awaiting the discussions contemplated in this 
series of essays, and, after due consideration, it was determined to rec-
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12 LETTER OF TRANSMITTAL. 

ognize the Jura-Trias as a single period. One of the principal questions 
proposed for Mr. Russell's consideration was thus decided in advance 
so far as the most important work of the Survey was concerned. The 
acceptance by the Survey of an opportunity for .Alaskan exploration by 
Mr. Russell left to this division the option of diminishing the scope 
of the present essay or of postponing its completion, and the former 
alternative was preferred. It was consequently arranged that Mr. 
Russell restrict attention to the Newark system and the principles of 
correlation involved in the discussion of its relations. 

The rocks of the Newark system occur in a number of separate areas. 
In this essay these are correlated one with another primarily on phys
ical, secondarily on paleontologic evidence. Through paleontologic 
evidence the system is compared with formations west of the Mississippi 
river and with formations in Europe, and it is concluded that bomo
taxial relations are approximately determined. The feasibility of de
termining relations of close synchronism is questioned. 

Very respectfully, your obedient servant, 

Ron. J. W. PoWELl,, 

Director U. S. Geological Survey. 

G. K. GILBERT, 

Geologist in Charge. 



OUTLINE OF THIS PAPER. 

The aim of this paper is to review the progress of our knowledge concerning a 
well defined system of rocks on the Atlantic border, named the Newark system; to 
summarize the present state of information concerning it, and to discuss the bear
ing that its study has on principles of correlation. 

Chapter I contains a historical summary of the numerous names by which the sys. 
tern has been designated from time to time, and also a statement of the author's 
reasons for adopting the term Newark systern now used.· 

Chapter II contains a brief account of the geographical distribution of the various 
areas occupied by the system, and is accompanied by a series of maps on which the 
areas are shown, together with the relative age of the adjacent terranes. 

Chapter III. The evidence as to the presence of Newark rocks on Prince Edward 
island is discussed and the conclusion reached that the system is not there repre
sented. 

Chapter IV. The lithological character of the sedimentary rocks of the system 
is described, and the evidence as to their thickness is presented. Coal is treated 
as a "rock," and some account given of its distribution and thickness. 

Chapter V contains a discussion of the physical and climatic conditions under 
which the sedimentary rocks of the system were deposited. From an examination 
of the evidence bearing on the possible existence of glacial conditions in Newark 
times, the conclusion is reached that glaciers were not immediately concerned in the 
accumulation of any of the rocks of the system. 

Chapter VI is a resume of our knowledge of the life of the Newark period, as 
shown by the animal and plant remains that have been discovered. 

Chapter VII deals with the igneous rocks which traverse the system in a great 
series of dikes and sheets. :Following a description of the min~ralogical and chem
ical composition of these rocks is a general account of the principal characteristics 
of dikes and sheets. 

Chapter VIII is devoted to a description of the structure of the various Newark 
-areas, and a discussion of its origin. The present inclination of the strata over 
broad areas is shown to be due principally to the tilting of faulted blocks. The 
effect of erosion on the upturned blocks is also considered. Original data are intro
duced concerning especially the structure of the more southern areas. 

Chapter IX. The question of the original geographical extent of the system has 
been considered by several geologists, and diverse conclusions have been reached. 
In this chapter the opinions bearing on .this question are summarized and classified 
under two h;ads: First, the "local-basin hypothesis," which includes those opin
ions based on the assumption that the stratified rocks of the system were deposited 
in several detached basins, the approximate boundaries of which are still traceable. 
Second, the "broad-terrane hypothesis," which embraces the conclusions of those 
who consider the detached areas of the system as remnants of possibly one broad 
terrane, which has been broken up by orographic movements and greatly eroded. 
The evidence is thought by the author to favor the second of these hypotheses. 

Chapter X is devoted to a brief discussion of the general principles of correlation 
and of the relations of the Newark system to several other terranes. 

Under general principles of correlation, the eviclences from physical phenomena, 
such as superposition of strata, contained fragments, relation to folds and dikes, and 
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14 THE NEWARK SYSTEM. 

to great unconformities, arc considered. Under biological phenomena as a lltHl,!do:~~ 
correlation, tho imperfections of the geological records an<l our incomplete knowl· 
edge of the records, such as they are, receive brief attention; as does also the llear• 
ing of evolution on the inte.rpreta,tion of the life history of the earth. 

The difficulties in the way of correlating the rocks of America with those of other 
countries are indicated, and the conclusion is reached that the :first aim in the study 
of the geology of a new country should be the definite determination of the sequenc~;~ 
of rocks there represented, by physical phenomena, as a basis for the determinatior 
of the relative age of the faunas and floras they may contain. Subsequently, th£1 
fossils may be compared with those of distant terranes for the purpose of wider gen
eralizations. It is pointed out that the life records in any restricted regions can 
not be accepted as a stan<lard whereby to determine the age of fossil-bearing beds 
in other aml especially in entirely disconnected terranes. 

The chapter closes with a brief discussion of the relations of the Newark system 
to certain formations in the western part of the United States and in othe~ countries. 



THE NEW ARK SYSTEM. 

BY ISRAEL C. RUSSELL. 

CHAPTER I. 

NOMENCLATURE. 

The name '' Newark system " has many synonyms. The body of 
rocks to which it is applied is naturally differentiated with peculiar 
clearness. It is separated from older rocks and from newer rocks by 
profound unconformities, and its boundaries are marked by strong 
lithological contrasts. For various reasons it is not easy to determine 
its precise position in the chronologie classification founded on the geo
logic systems of Europe. The synonymy has arisen not from doubt as 
to what should be included under one name, but from the fact that opin. 
ions as to correlation have been embodied in names, and these opinions 
have varied from time to time and from author to author. The name 
Newark is here preferred, because it is the oldest specific title not im. 
plying opinion as to geologic age. It was proposed by W. C. Redfield 
in 1856, in the following language: 

I llreferthe latter designation [Newark Group] as a convenient name for these rocks 
[the red sandstone extending from New Jersey to Virginia], and to those of the Con
necticut valley, with which they are thoroughly identified by footprints and other 
fossils, and I would include also the contemporaneous sandstones of Virginia and 
North Carolina. 1 

The term " group" used by Redfield and the term " system" here 
used do not imply any difference of" conception, and the selection of one 
or the other is a matter of comparatively small importance. I have 
chosen system because it conforms approximately to the rule adopted 
by the International Congress of Geologists. 

Something of the history of the study of the Newark system may be 
gathered from the following table, in which the various names by which 
it has been designated are ananged chronologically. 

1 Am. Jour. Sci., 2d ser., vol. xxn, 1856, p. 357; also in Am. Assoc . .Adv. Sci., Proc., vol. x, Albany 
meeting, 1856, p. 181. 
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16 THE NEWARK SYSTEM. {BULL. AS. 

Nantes and cort·elations applied to the whole or to pot•tions of tlte Newark systent. 

Date. Name used. Author. Place of publication. 

1817 Old red sandstone ••••••••••. Maclure, W .•.••...... Am. Philo. Soc. Phila., Trans., vol. 1, 

n. s., p. 20 and map. 
1820 ...... do ..................... Silliman,B ............ Am . .Jour. Sci., 1st ser., vol. u, p.147. 
1820 ...... do ..................... Nuttall,F ............ A.cad.Nat.Sci.Phila.,.Jour.,vol.u,p.37. 
1826 New,orvariegatedsandstone Finch,.J .............. .A.m . .Jonr. Sci., 1st ser., vol. x, p. 209. 
1832 Old red sandstone and Hitchcock, E ......... A.m . .Jour. Sci., 1st ser., vol. VI, pl. op. 

coal formation. p. 86. 
1824 Freestone and coal forma- Olmsted, D ........... Rep. Geol. N. C., p. 12. 

tion of Orange and Chat. 
ham[N.C.]. 

1833 New red sandstone ..•...... Hitchcock, E ......... Rep. Geol. Mass., p. 206. 

1835 IJarboniferous .............. Taylor, R. C .......... Geol. Soc. Pa., Trans., vol. I, p. 294. 
1836 Lias [1] ..................... Redfield, .J. H ........ Lye. Nat. Hist. N.Y., Ann., Yol. IV, p.40. 
1837 New red sandstone ......... Barratt, .J ............ A.m . .Jour. Sci., 1st ser., vol. XXXI, p.165. 
1839 Silurian............ . .. .. .. . Conrad, T. H ......... Am . .Jour. Sci., 1stser., vol.xxxv, p. 249. 
1839 Middle secondary strata . . .. . Rogers, H. D...... . . . . Third Ann. Rep. Geol. Pa., p. 12. 
1842 Secondary formation . . . • . . . Percival, J. G . . . . . . . . Rep. Geol. Conn. 

1841 New red sandstone system .. Hit.chcock, E ......... Am. Jour. Sci., 1st ser., vol. XLI, p. 244. 
1842 Keuper ..................... Rogers, W. B ......... Am. Jour. Sci., 1st ~>er., vol. XLIII, p.175. 
1842 New red system; new red Emmons, E........... Geol. of N. Y., part IV, p. 429. 

sandstone. 
1843 New red sandstone ......... Mather, "\V. W........ Rep. Geol. of N.Y., part IV, p. 293. 
1843 Old red sandstone and Coal Cozzens, I . . . . . . . . . • • . Geol. Hist. of Manhattan, p. 43. 

Measures. 
1843 Permian . . . . . . . . • . • . • . . • . . . Murchison, R. I . . . . . . Ann. Address Geol. Soc. London, p. 108. 
1843 Oolite ....................... Rogers, W. B ......... A..ssoc. A.m. Geol. Nat., Trans., p. 298. 
1844 New red sandstone ......... Silliman, B ........... Assoc. Am. Geol. Nat., Proc., pp. 14, 15. 
1847 TriassicorJurassic ......... Bunbury, C. J. F ..... Quar.Jour.Geol.Soc.,Lond.,vol.m,p.288. 
1847 Permian or Triassic . . . . . . . . Lyell, C . . . • • . . . . . . . . . Quar. J our.Geol. Soc., Lond., vol. III, p.275. 

1847 Inferior Oolite 1 ............. ...... do . . . . .. . .. . .. .. . Quar. J our.Geol. Soc., Lond., vol. III, p.278, 
280. 

1849 Keuper or Lias . . . . . . . . . . . . . Marcou, .J . . . . . . . . . . . . Geol. Soc. France, Bull., vol. VI. p. 575. 
1849 Lower Carboniferous ....... Gesner, H ............ Industrial Resources of Nova Scotia, p. 

244. 
1850 Silurian ..................... Jackson, C. T ........ Am. Jour. Sci., 1st ser., vol. III, p. 335. 
1851 New red sandstone ......... Agassiz, L ............ Am. Assoc.Adv. Sci., Proc., vol. v, p. 4.6. 

1851 Triassic .................... Lyell, C .............. Roy. Institution [ofGr. Br.], vol. I,p.50. 
1851 Post Permian . . . . . . . . . . . . . . Redfield, W. C ...... : A.m. Assoc. Ad v. Sci., Proc., vol. v, p. 45. 
1853 New red sandstone or Marcou, J ............ Geol.Map of North America. 

Keuper. 
1853 Upper Permian ............. Lea, I. ............... Phil. A.cacl. Nat .. Sci., Jour., n. s., Yol. 

II, p. 189. 
1854 .Jurassic .................... Rogers, W. B ......... Boston Soc. Nat. Hist., Proc., vol. v, p.14. 
18.55 Oolitic...................... Taylor, R. C.......... Statistics of coal, 2c1 ed., p. 289. 
1855 Near the Lias of Europe .... .Jackson, C. T ......... Am. Jour. Sci., 1st ser., vol. v, p. 186. 
1856 Trias or new red sandstone. Hitchcock, E.... . . . . . Ontlines of the Geol. of the Globe, p. 96. 
1856 Oolitic ............................ do ............... Outlines of the Geol. ofthe Globe. Map. 
1856 Newark Group ............. Redfield, \V. C ........ Am. Jour. Sci., 1stser., vol. xxu, p. 357. 
1856 Triassic and .Jurassic ....... Dana, J.D............ Do. 
1856 Trias and Permian ......... Emmons, E ........... Geol. Rep. N.C., p. 273. 
1856 Jurassic .................... Rogers, H. D ......... Geol. Map of U. S. in Johnson's Pbys. 

Atlas. 
1857 Keuper..................... Heer, 0............... Geol. of N. Am. by J. Marcou, p.l6. 

1857 Permian and Triassic . . . . . . Emmons, E . . . . . . . . . . . American Geol., 1\art VI, p. 1. 

1857 Chatham series ................... do .. .. . .. .. . .. .. . Amer. Geol., part VI, p.l9. 
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Nantes and correlations applied to the whole o1· to p01·tions of the Newark system- ,Cont'd. 

Date. I Name used. 

18571 Keuper ................... .. 

1857 ...... do .................... . 
1858 Lias ....................... . 
1858 Mesozoic red sandstone .... . 
1858 Refers various portions of 

the system to the Keuper 
Trias and Jurassic. 

Author. Place of publication. 

Lyell, C............... Cited by J. Marcou in Geol. of N. Am., 

. I p.16. 
Heer, 0............... In Geol. of N. Am., by J. Marcou, p.16. 
Agassiz, L . . . . . . . . . . . . In Geol. of N. Am., by J. Marcou, p.15. 
Rogers, H. D .......... , Geol. of Pa., 4to., vol. II, p. 667. 
Marcou, J............. Geol. of N. Am., pp. 10-13 and map. 

1859 Between the new red sand Agassiz, L............ Am. Assoc. Adv. Sci., Proc., vol.Iv, p. 276. 

stone and the Oolitic. 
1860 Mesozoic or new red sand- Tyson, P. T ........... First Rep onAgr. Chern., Maryland, map. 

stone. 
1861 Carboniferous . ... . . . . . . . . . . Stevens, R. P ......... New York Lye. Nat. Hist. Ann., vol. vn, 

p.414. 
1864 Trias ....................... Hall, J .. and W.E. Lo- Geol. map of Canada. 

gan. 
1864 New red .................... Lesley, J.P ........... Am. Philo. Soc., Proc., vol. IX, pp. 478-480. 
1865 Permian . . . . . . . . . . . . . . . . . . . . Credner, H . . . • . . . . . . . N eues J ahrbuch, 1865, pp. 803. 

1865 New red sandstone or Trias. Matthew, G. F ........ Rep. on New Brunswick. 
1866 Richmond coal field......... Daddow, S. H., and Coal, Iron, and Oil, p. 395. 

Bannon, B. 
1866 Jurassic .................... Lyell, C ............... Elem. of Geol., 6 ed., p. 451. 
186~ Triassic or red sandstone Cook. G. H ............ Geol. of New Jersey, p.173. 

age. 
1869 Triassic period.............. Dana, J. D . . . . . . . . . . . . Manual of Geol., p. 414. 
1871 Trias ....................... Lyell, C ............... Student's Elem. of Geol., p. 361. 

1871 Triassic or Liassic .......... Shaler, N. S ........... Boston Soc. Nat. Hist., Proc., vol. XIV. 
p.117. 

1875 Triassic .................... Kerr, W. C ............ Rep. Geol. of North Carolina, p.116. 
1876 Permian.................... Owen, R . . . . . . . . • . . . . . Quart. J our.Geol. Soc. London, vol. XXXII, 

p. 359. 
1876 Triasso-Jurassic ............ Lesquereux, L ....•••. Ann. Rep. U. S. Geol. and Geog. Surv., 

Hayden, for 1874, p. 2.83. 
1878 Mesozoic formation......... Heinrich, 0. J......... Am. Inst. Min. Eng., Trans., vol.VI, p. 227· 
1878 Trias or new red sandstone. Dawson, J. W......... Acadian Geology, 3d ed., p. 86. 
1878 Triassic . . . . . . . . . . . . . . . . . . . . Russell, I. C........... N.Y. Acad. Sci., Ann., vol. I, p. 220. 
1878 J u a-Trias . . .. .. .. . . .. . .. . .. Le Conte, J .. . . . . .. . . . Elem. of Geol., p. 439. 
1879 Tnassic-J urassic . . . . . . . . . . . Dana, J.D............. Am. Jour. Sci., 3d ed., vol. XVII, p. 330. 
1879 Jurasso-Triassic ............ Rogers, W. B .......... Macfarlane's Railway Guide, p.180. 
1879 American new red sand- Frazer, P .............. Am. Nat., vol. XIII, p. 284. 

1879 
1882 
1883 
1883 
1883 
1884 
1884 

1885 

stone. 
Rltetic or Younger. . . . . . . . . . Fontaine, W. M ...... . 

Triassic .................... Geikie, .A. ............ . 

Older Mesozoic . . . . . . . . . . . . . Fontaine, W. M ...... . 
Rhetic ............................ do ............. .. 
Triassic .................... Davis, W.M ...•...... 
Jurasso-Triassic ............ 

1 
McGee, W J ......... . 

Lower Jurassic, passing I Hotchkiss, Jed ....... . 
downward into Triassic. 

Triassic .................... Cope, E.D ---- ....... . 

Am. Jour. Sci., 3d ser., vol. XVII, p, 39. 
Text Book of Geol., p. 770. 
Monograph No. VI., U.S. Geol. Surv. 

Do. 
Mus. Comp. Zool., Bull., vol. VII, No.9. 
5th .Ann. Rep. U.S. Geol. Surv., vol. 11. 

[Reprint of Rogers's Ann. Rep., etc., of 
Va.], Map. 

Philo. Soc. Proc., vol. XXIII, p. 403. 
1885 Triassic or Mesozoic........ Lesley, ,1. P . . . . . . . . . . . Geol. Atlas of Pa., vol. x, p. vii. 
1886 Tria-Jurassic............... Chapin, J. H.......... Meriden Sci. Assoc., Proc .. vol. n, p. 23. 
1886 Triassic .................... Hitchcock, C. H .•••••. Am. Inst. Min. Eng., Trans., vol. xv, pl. 

op.486. 

Bull. 85-2 
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Names and correlations appliecl to the whol6 o1· to po1·tions of the Newark system-C 

Date. 
_______ N __ run __ e_u_s_e_d_. _______ 

1 

_______ A_u_t_h_o_r_·-----I---------P-la_c_e_o_f_p_u_b_li_·c-·a_ti_·o_n_. ____ ___ 

Tria-Jurassic or Jura-Tri- Chapin,.T.~·-········

1 
Meriden Sci. Assoc., Proc. and 

assic. vol. n, p. 23. 
Trias . . . . . . . . . . . . . . . . . . . . . . . Emerson, B. K . . . . . . . . Gazetteer of Hrunpshlre Co., Mass., p.l8. 

1887 

1887 
1888 Upper Trias ................ Zeiller, R... .. . .. .. . . . . G()ol. Soc. France, Bull, 3d ser., vol. XVI, 

p. 699. 
1888 Triassic . . . . . . . . . . ...•...... Newberry, J. S ........ Monograph vol. XIV, U.S. Geol. Surv. 
1889 Newark system ............. Russell, I. C ........... Am.Geol.,vol. m, pp.178-182,vol.vu, 1891, 

pp. 238-291. 
1890 Triassic . . . . . .. . . . . . . . . . . . . . Marcon, .T............. Am. Geol. , vol. v, p.160. 
1890 Connecticut, or Connecticut Hitchcock, C. H ....... .Am. Geol. , vol. v , pp. 200-202. 

River sandstone. 
1890 Newark system . ............ Darton, N.H .......... U.S. Geol. Surv., Bnll. No. 67. 
1891 Jura-Trias ................. . Dana,J. D . . .. . ....... Am. Jour. Sci., 3d ser., vol. XLII, p. 79. 
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CHAPTER II. 

AREA OCCUPIED BY THE NEW ARK SYSTEM. 

In studying the Newark system it has been f0und convenient to give 
specific names to the several detached portions into which it is divided. 
The distribution of the principal areas, together with the names by 
which they are designated, are shown on the general map forming Pl. 
I (frontispiece). Each area is also shown on a larger scale on a separate 
map. These form Pls. u-vr, and in several instances indicate the 
positions of subordinate or secondary areas. Special names have pre
viously been applied to some of these areas by Dana,1 Fontaine,2 Hein
rich/ and others, and these will be retained so far as is practicable in 
the general scheme of classification now adopted. 

The following descriptions of the various areas have been made brief, 
for the reason that the accompanying maps will enabl the reader to 
determine their positions and boundaries more conveniently than could 
be done from detailed descriptions. The references given will serve to 
indicate where special information may be found . 

.ACADIAN AREA. 
Acadian Area, Dana. 

Under this name are included all the outcrops of Newark rocks in 
New Brunswick and Nova Scotia (Pl. n}. In New Brunswick these 
rocks occur in small, detached areas at Reel head, Quaco head, Martin 
head and Salisbury cove, on the west side of the bay of Fundy, each of 
which occupies probably less than 1 s.quare mile. 

In Nova Scotia it forms the east shore of the bay of Fundy from 
Blomidon to Brier island, a distance of about 120 miles. The width of 
this belt varies from 5 to 10 miles, excepting at the north, where it 
widens and forms a large part of the shore~ of the basin of Minas and 
Cobequid bay. A portion of Grand J\fanan island should perhaps also 
be included in this enumeration. The total extent of the Acadian area 
is approximately 1,050 square miles. 

The distribution given above is shown in part by Dawson4 on the 
map accompanying his "Acadian Geology," and in part on the geologi
cal atlas sheets published by the Geological .Survey of Oanacla.5 

1 Manual of Geology, 2d ed., New York, 1875, pp. 404-406. 
2 Notes on the Mesozoic of Virginia; in Am. Jour. Sci. 3cl ser., vol. xvn, 1879, pp. 26-29, 31-37. 
3 The Mesozoic of Virginia; in Am. Inst .. Min. Eng., Trans., vol. vr, 1879, pp. 228-238. 
4 Province of New Brunswick, Atlas sheets No.1, N. E., and No.1, S. E. 
5 The region occLlpied by the Acadian area is shown in part, on the Geological Mal) of Canada and 

Adjacent Regions, by James Hall ancl IV. E. Logan, 1866; also on the map of the Dominion of Canada, 
geologically colored, from surveys made by the C,tnaclian Geological Survey, 1842-1882. 

19 



20 THE NEW ARK SYSTEM. (BULL.85. 

The reason for not including Prince Edward island in this area, as 
has been done by many writers, is stated a few pages later. 

CONNECTICU'l.' VALLEY AREA. 

Connecticut River Area, Dana. 
Connecticut Valley Area, Dana. 

This area occupies the Connecticut valley from a few miles south 
of the Massachusetts-Vermont boundary southward to Long Island 
sound, a distance of 110 miles. Near its eastern margin in Massachu
setts there are two subordinate areas, one at Amherst and the other 
east of Turner Falls. Total extent about 2,000 square miles. 

For the determination of the distribution of the Newark rocks in 
Massachusetts and Connecticut, we are indebted principally to the 
state surveys under the direction of Hitchcock and Percival. The map 
given on the accompanying plate has been compiled from Percival's 
geological map of Connecticut, and from a manuscript map of the 
geology of a portion of Massachusetts, kindly loaned by B. K. Emer
son.1 

SOUTHBURY AREA. 

Southbury Are\, Dana. 

This outlier of the Connecticut valley area is situated 16 miles west 
of its western border, in the towns of Woodbury and Southbury, Con
necticut. It is about 10 miles long, from north to south, and from 3 to 
4 miles wide. Its outlines as shown on the accompanying plate (Pl. 
III) are from Percival's geological map of Counecticut, with some de
tails added by W. M. Davis. 

NEW YORK-VIRGINIA AREA. 

Palisade Area, Dana. 
New York Belt, Fontaine. 
Potomac Deposit, Heinrich. 

This area extends with unbroken continuity from the Hudson river, 
near Stony Point, New York, southward, through New Jersey, Penn
sylvania, Maryland, and into Virginia as far as the Rapidan river, 
about 10 miles so1,1th of Culpeper (see Pl. IV) .• The distance in a 
straight line between its northern and southern extremities is about 
300 miles. Its greatest width, where it is crossed by the Delaware, is 
32 miles. Its area is about 5,000 square miles. 

In Pennsylvania its width is greatly decreased, apd the entire area 
bends westward and then southward .. Its eastern margin is irregular, 
owing to deep erosion which has laid bare the Paleozoic rocks beneath. 
In Maryland it becomes again nearly north and south in trend, and 
west of Frederick, Maryland, is less than 3 miles broad. At the 

J This map bas since been publisbecl in Bull. Geol. Soc . .A.m., vol. n, pl. XVII. 
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Potomac it increases suddenly in width to 17 miles, and terminates 
abruptly south of Culpeper. 

The outline of this area, as Shown on P. IV has been compiled 
from the geological maps published by the state surveys of New York, 
New Jersey, Pennsylvania, and Virginia. The boundaries in Maryland 
are from a manuscript map prepared by G. H. Williams; of the U.S. 
Geological Survey. The portion in Virginia has been corrected in part 
by N.H. Darton and Arthur Keith, of the U.S. Geological Survey, 
from recent observations. 

The southern part of the New York-Virginia area, and all of the 
areas farther south in Virginia, described below, were mapped and 
studied by W. B. Rogers, during his survey of Virginia, and have since 
been described in detail by W. M. Fontaine and 0. J. Heinrich, who 
availed themselves of previous observations in the same field. A map 
showing distribution of the various Newark areas in Virginia and the 
northern part of North Carolina, based largely on the work.-of Rogers, 
but containing some new data, was published by Heinrich in connec
tion with his paper on the Mesozoic of Virginia. 1 The boundaries of the 
Newark rocks in Virginia are minutely described by Heinrich, and it 
is from his essay that most of the measurements of the Virginia areas 
given in this paper are obtained. 

BARBOURSVILLE AREA. 

Barboursville Deposit, Heinrich. 

This area is really an outlier of the great New York-Virginia area, 
from the southern end of which it is separated by about 8 miles of 
crystalline rocks (Pl. vn). It is situated in Orange county, Virginia, 
to the west of Orange, and is named from the village of Barbours
ville, on its west border. It is elliptical in shape and measures about 9 
miles from north to south and 2 miles from east to west. Its area 
is about 14 square miles. 

SCOTTSVILLE AREA. 

Buckingham Belt, Fontaine. 
James River Deposit, Heinrich. 

This area is situated immediately west of Scottsville, Virginia, and is 
probably composed of two or more detached belts, the boundaries of 
which are not definiteiy known (Pl. IV). The total area of the Newark 
outcrops in this vicinity, as computed by Heinrich, is from 40 to 45 
square miles. They form a long, narrow belt, trending northeast and 
southwest, intermediate between the New York-Virginia area, already 
referred to, and the Danville area described below. 

1 Am. Inst. Min. Eng., Trans., vol, VI, 1873, pp. 227-274. 
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DANVILLE AREA. 

Part of Pittsylvania Belt, Fontaine. 
Danville Deposit, Heinrich. 

(BULL. 85. 

This area begins at the north near Falling river, in Campbell county, 
and extends ·southward across Staunton river to the north side of Dan 
river, just above Danville, Virginia (Pl. VI). Its extreme length from 
north to south is 54 miles, its greatest width 8 miles, and its area be· 
tween 260 and 270 square miles. 

DAN RIVER AREA. 

Part of Pittsylvania Belt, Fontaine. 
Dan River Deposit, Heinrich. 
Dan River Coal Ffeld, of various authors. 

The northern end of this area is in V irginiaJ near Cascade creek 
some 10 miles west of Danville. From there it extends southward to 
Germantown, North Carolina, a distance of about 40 miles. Its great
est width is 8 miles, and its area approximately 200 square miles. 
Lakeville, N o:~:th Carolina, is situated near its northern end (see PI. 
VI). 

TAYLORSVILLE AREA. 

Taylorsville Deposit, Heinrich. 

Taylorsville, Virginia, about 17 miles a little west of north of Rich
mond, is situated in the center of this area. Its width from east to 
west is about 8 miles, and its length from north west to southeast approx
imately 10 miles. Its area is about 60 square miles (see Pl. v). 

Richmond Area, Dana. 
Richmond Deposit, Heinrich. 

RICHMOND AREA. 

Richmond Coal Field, of various authors. 

The east border of this area is 11 miles west of Richmond, Virginia 
(see Pl. v). It is crossed from east to west by the James river, and 
thus divided into two unequal parts, the larger of which is to the south. 
Its extreme length from north to south, including a narrow spur which 
projects into the crystalline rocks at the north end, is 31-2- miles. The 
main field, as determined by Heinrich, is 24 miles long from north to 
south, and 7-2- to 10 miles broad. Its area is about 189 square miles. 

Included under the name here used are several small detached basins 
along the eastern border of the main area. The most distant of these 
is the one in which the Deep Run mines are located, about 6 miles east 
of the northern end of the main area. The deposit at Deep run is des
ignated as the Springfield deposit by Heinrich, and is stated to have 
an area of about 1·6 square miles. 





U. S.GEOL06IGAL SURVEY. 
BULLETIN NO. 85 PL.V. 

RICHMOND AREA 
-----------o----------

NEWARK SYSTEM 

PRE-NEWARK 
Scale 

~....,t::==~....,;;t3==14....,~5M if es 







BULLETIN NO. 85 PL.VI. 

NEWARK AREAS IN SOUTHWESTERN VIRGINIA AND NORTH GAR011NA. 
POST-NEWARKc=J NEWARK SYSTEM c=J PR£-NEWARKc=J 

Scale~ 1W 0 •wa 3W 0 .lYJiles. 



RUSSELL.] VIRGINIA-NORTH CAROLINA. 

F .A.RMVILLE .A.RE.A.. 

Farmville Deposit, Heinrich. 
Prince Edward Balt Fontaine. 
Farmville Coal Belt of various authors. 
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Under this head are included two detached areas of Newark rocks, 
one on the south and the other principally on the north of the Appo
mattox river near Farmville, Virginia (see PI. IV). The larger area 
lies to the northwest of Farmville and is crossed near its southern end 
by the Appomattox river; it is about _._~miles long from north to south, 
and 2 miles wide, and has an area of about 22 square miles. The smaller 
area is south of the river and is less than 2 miles long from north to 
south, and about a mile broad. The entire surface occupied by Newark 
rocks near Farmville measures about 24 square miles. 

DEEP RIVER .A.RE.A.. 

Deep River Coal Fielqs, Emmons. 
Part of "North Carolina Area," Dana. 

This area is situated wholly in North Carolina, its northern terminus 
being near Oxford (See Pl. VI). It extends southward in an irregular 
belt for about 100 miles, and has an average breadth of approximately 
8 miles, but its boundaries have never been accurately determined. Its 
area may be stated roughly at 800 square miles. Its outline, as shown 
on the accompanying map, is from Kerr's geological map of North Car
olina, and as determined from a reconnaissance by the present writer 
is only approximately correct. Owing to the lack of topographic maps 
in this region, it has not been practicable up to the present time to 
determine its boundaries more accurately than was done by Kerr. I 
may state in passing, however, that its east border, near Raleigh, is 
distant about 8 miles from that city, instead of 16 miles as shown by 
Kerr. 

The coal mines of Egypt, Gulf, etc., are situated in this area, and next 
to those of the H.ichmond area, are the most important in the Newark 
system. 

On both the east and west borders of the main area there are detached 
basins occupied by Newark rocks, some of which are indicated on Kerr's 
geological map. 

A description of the extent of this area was given by Emmons, 1 and 
portions of its outlin~ were mapped by Wilkes.2 

W .A.DESBORO .A.RE.A.. 

Part of "North Carolina Area," Dana. 

The northern end of this area is near Pekin, North Carolina. From 
that place it extends southward to the state line, a distance of about 

1 Geological Report on the Midland Counties of North Carolina, 1856, pp. 227-254. 
2Report on the Deep River Country, in North Carolina; in Report of the Secretary of the Navy to the 

Thirty-fifth Congress, second session, Senate Ex. Doc. No. 26, 1858, 
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36 miles. Its width near Wadesboro, where it is crossed by the Caro
lina railroad, is about 16 miles (see Pl. VI). 

It has been stated by several writers that its southern end is in South 
Carolina, and it is so indicated on Kerr's map, but my own reconnais
sance in that region indicates that it ends in North Carolina, close to 
the state boundary. Associated with It are several secondary areas, 
some of which were mapped by Kerr. The boundaries of the Wades
boro area, like those of the others in North Carolina, are only approx. 
imately known. Its area is in the vicinity of 275 square miles. 

The Newark areas in North Oarolina were studied by Emmons and 
Kerr during their respective surveys of the state and were mapped by 
Kerr.1 · 

SUMMARY-AREAS AND DISTRIBUTION. 

The Newark systein is confined to the Atlantic border, and occurs in 
narrow belts, the longer, larger axes of which trend in general north
east and southwest, their general course being parallel to the folds of 
the Appalachians. 

The distance in a straight line from the most northerly to the most 
southerly exposure is about 600 miles. The bearing of a line joining 
their two extremities is about northeast. The entire area occupied by 
the system is, in round numbers, 10,000 square miles. 

Some of the areas were indicated in an indefinite manner on the 
geological maps of the United States by McClure and Marcou. They 
also appear on the recent geological maps of the United States, com
piled by Bradley, Hitchcock, and McGee . . 

1 Report on the Geology of North Carolina, vol. I, 1875, map. 







CHAPTER III. 

PRESENCE OR ABSENCE OF NEVVARK ROCKS ON PRINCE ED
VV ARD ISLAND. 

HISTORICAL. 

In the account of Prince Edward island given by Dawson in "Aca
dian Geology" 1 nearly all of the surface rocks, consisting mainly of 
sandstones and shales, are referred to the ''Trias or New Red Sand
sto:ue ;" but the occurrence of older rocks, considered as belonging to 
the Permian or to the upper portion of the Carboniferous, was noted at 
Gallas (Gallows) point, on the south side of the island. On the geolog
ical maps accompanying the various editions of the" Acadian Geology" 
the whole of the island, excepting the sand dunes along the northern 
shore and the trap rock of Hog island, is colored as '' Trias or New Red 
Sandstone." 

The island was reexamined by Dawson and Harrington 2 in 1871, and 
the classification previously established retained, but the area occupied 
by Carboniferous rocks was somewhat extended. On the map accom
panying this report all of the island is colored as Triassic, excepting 
small areas at Gallas point and a narrow strip extending from West 
Point~o Cape North, on the west shore. This distribution is retained 
by Dawson in the supplement to the "Acadian Geology" published in 
1878. In this paper a typical section, 500 feet thick, at Oswald bay, ad
iacent to the Carboniferous area of Gallas point, is presented, in which 
the lower· portion, it is stated, "may be .referred to the lower division 
of the 'Bunter,' and the remaining to the upper division of the forma
tion, or 'Keuper.'" That this classification was provisional is implied 
by the author, who remarks: 3 "The dips are so low, and the beds so 
much affected by oblique stratification, that those of the Trias can not 
be said to be unconformable to the underlying Carboniferous rocks; 
and for this reason, as well as on account of the similarity in mineral 
character between the two groups, some uncertainty may rest on the 
position of the line of separation. That above stated depends on fo\ssils, 
on a somewhat abrupt change of mineral character, and on a slight 
change in the direction of the dip." The fossils on which this classifi
cation was based are referred to on a later page. 

, • Third edition, London, 1878, pp. 116-124. 
2 Report on the Geological Structure and Mineral Resources of Prince Edward island. Montreal, 

1871, pp. 7, 8, 13-2:!, 45, 46, Pl. III. 
i 

1
..; ~pplement to the thl_rd ~d~ion of Acadian Geology. London, 1878, pp. 29, 30, 
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In 1881 some fossil plants were obtained by Bain 1 from localities on 
the south side of the island, in rocks previously regarded as Triassic 
by Dawson. These plants were identified by Bain and referred to the 
Permo-Carboniferous. These fossils led their discoverer to the inference 
that the Permo-Carboniferous formation is more extensively distributed 
on the south side of the island than had previously been supposed . 

.A few years later the geology of Prince Edward island was studied 
by Ellis.2 In his report the extension of the lower series of rocks was 
greatly enlarged, and the conclusion reached that the area occupied by 
Triass~c rocks was very limited. The evidence presented by this author 
suggests that all of the sandstones and shales of the island belong to 
one system. Ells states that he visited the greater part of the coast 
between Cape North and Oswald bay, on the south and west; various 
portions of the north side of the island were also carefully examined. 
The great similarity of the rocks at these localities to the Permo-Car
boniferous rocks of New Brunswick is pointed out. It is also stated 
that the rocks differ in a marked manner from the Newark beds of the 
Minas basin, Nova Scotia. In a note on the margin of atlas sheet No. 
5, S. W., accompanying this report, the author states: 

The examination made last fall showed that stratq, identical in character and in 
their contained plants, which were abundant at many points, extended around the 
entire south and west coast and a portion of the north of Richmond bay. Thedraw
ing of any line separating the Trias from the Upper Permo-Carboniferous in this 
area is not deemed practicable. The finding of the fossil reptile ~' Bathygnathus" in 
the rocks near New London, as well as several plants in the vicinity of Richmond 
bay, which have been recorded by Dr. Dawson as typical of a true Trias horizon, 
renders it possible that small areas of that age may occur, but their delineation will 
be very difficult. The great similarity of the strata of the eastern and northeastern 
portions of the island shows that the Triassic, if existing at all, occurs in isolated 
patches. It has been deemed best, therefore, to color the island uniformly Permo
Carboniferous, as most in accordance with the age of the greater portion of its strata. 
The great similarity of much of the formation to that seen in the northern portion 
of Cumberland and Colchester counties, in Nova Scotia, and which is undoubtedly 
the Upper Car~oniferous, is very apparent. 

The discussion of the geology of Prince Ed ward island was renewed 
by Bain and Dawson3 in 1885. In the paper by these authors, Dawson 
refers to the conclusion cited above as follows: "1\ir. Ells "" * * not 
only extends the limits of the lower series, but regards the Trias as very 
limited and not clearly distinguishable from the· Permo-Carboniferous; 
but in this last respect I can not but think he exaggerates the difficulty 
occasioned by the low dip of aJI the beds, · and the strong mineral re
semblance of the Trias to the underlying Permo-Carboniferous, from 
whose disintegration it has undoubtedly been derived." Dawson then 
presents the evidence furnished by fossils, and as I shall have occasion 

IN ote on fossils from the Reel Sandstone System of Prince Edward island. In Canadian Naturalist, 
n. s., vol. rx, 1881, pp. 463-464. 

2 Report of Explorations and Surveys in the Interior of the Gaspe Peninsula, 1883. In Geol. and 
Nat. Hist. Surv. of Canada, Report of Progress, 1882-'83-'84. Montreal, 1885, pp. 11 E-13 E. (Ac
companied by 9 atlas sheets. 

a Notes on the geology and fossil flora of Prince Edward island. In Canadian Record of Science, 
Vol. 11 PP• 154-161, 
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to refer to the meagerness of these reeor<ls, I quote his statement nearly 
entire, as it appears in the "Notes on the fossil flora of Prince Edward 
island," referred to above. The same evidence is presented also more 
or less fully in the writings of Dawson previously cited, and especially 
in the report of 1871. In describing the fossil plants Dawson says: 

The beds at Miminigash, Gallas point, St. Peter island, Governor island, Rice 
point, and other places on the south coast contain plants which elsewhere charac
terize the Upper Carboniferous and Lower Permian. At certain points in the inte
rior of the island and in the bays of the north coast, which represent troughs be
tween the Permo-Carboniferous anticJinals, there are found plants indicating a 
higher horizon. Here the characteristic Carboniferous species are absent, and their 
place is taken by others, either Permian or Triassic. For example, the abundant 
coniferous wood of the Carboniferous species, Dadoxylon mate1·iarium, is replaced by 
an entirely different type more characteristic elsewhere of the Trias, Dadoxylon ed
vardianmn. Some of the fossils found in this by Mr. Bain are undoubtedly of Per
miam aspect, as, for instance, the W alchias and CalarnUes gigas. Others, like tbe 
Dadoxylon above referred to and the curious Cycadoidea abequidensis, are undoubtedly 
more Triassic in aspect. 1 

. The description of these plants is continued as follows: 

Tbe few plants collected by Mr. Bain in the Upper Trias, or Trias proper, are 
especially interesting in conscr1nence of the paucity of well preserved fossils in this 
formation. He finds in these heels a Calamites with very fine ribs of the type C. 
arenaceous, and which may ue an internal cast of that Triassic species which, when 
perfect, is really an Equisetum rather than a Calamite, also certain Knorri-like 
branches different from Tylodendron, but probably branches of coniferous trees, 
and a species of Walchia apparently distinct from that of the lower beds. It has 
very stout and straight branches marked with interrupted furrows. Its branch
lets are long, slender, and crowded, and at right angles to the branch. The leaves 
are closely appressed, triangular, and scale like. Detached branchlets have thus 
the aspect of the Mesozoic genus Pachyphyllurn, but the habit of growth is that 
of Walchia. The species is near to W. irnbricaict of the European Permian, but 
sufficiently distinct to deserve a name, and I have therefore called it W. imbricatula. 
[Figure given.] 
It is to be observed that in the red sandstones of Prince Edward island all the 

more delicate plants and even twigs of coniferous trees have completely lost their 
organic matter and are represented by mere impressions, stains, or casts in clay or 
sand, so that it is very difficult to ascertain their minute characters. 

The general result, in so far as the subdivision of beds is concerned, would seem 
to be that the lower series is distinctly Permo-Carbonif~rous, that its extent is con
siderably greater than was supposed in 1871, that there is a well characterized over
lying Trias, and that the intermediate series, whether Permian or Lower Triassic, 
is of somewhat difficult local definition, but that its fossils, so far as they go, lean 
to the Permian side. [Pp. 160, 161.] 

DISCUSSION OF THE EVIDENCE. 

The evidence advanced in favor of the presence of both the Permo
Carboniferous and Triassic systems on Prince Edward island is entirely 
paleontological. The absence of an unconformity between the lower 
and upper rocks and the similarity in their lithological characters are 
admitted by all. The evidence of the Newark age of the upper por
tion of the rock series is based on a small number of fossil plants and 

• Op. cit., p. 158. 
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on a single reptilian fossil, which have been considered as indicating a 
parallelism with the Triassic Europe. 

PLANTS. 

The first of the fossil plants referred to by Dawson in the quotation 
given above is Dadoxylon edvardianum, determined from a microscopic 
study of fossil wood. It is related generically to other fossil woods 
found in the Carboniferous, and even as low down as the Devonian, and 
is represented by the Araucarias at the present day. 

There is no reason why fossil wood should not be used as a means of 
determining geological horizons, if sufficient observations were recorded 
to determine the range of various genera and species. At present, 
however, only a few species of Dadoxylon are known, and these range 
from the Devonian upward to beyond the Mesozoic. The fact that the 
wood described by Dawson belongs to a hitherto unknown species of a 
genus of wide geological range does not indicate any definite horizon. 
As stated by Dawson, it has its nearest specific ally in the Trias of 

. Europe, but also resembles a species from the Permian. If we knew 
I the geological age of various species of this ancient pine more 

thoroughly, its evidence might have some weight; but at present it is 
a fact of interest, which it is proper to record, but can not be con
sidered as having taxonomic importance. 

The Cycadoidea (Mantellia) abequidensis, described by Dawson in the 
report for 1870, as evidence of the Triassic age of the sandstones of 
Prince Edward island, is based on a fragment of the trunk of a sup
posed Cycadeian plant, in which the structure has disappeared. It 
was found near Gallas point, in the immediate neighborhood of rocks 
that are admitted by all to be Permo-Carboniferous, and in rocks which 
Ells has since shown to belong to that system. Dawson refers this 
fossil, with doubt, to the Cycadoidea, for the reason that the limits of 
that genus are stated to be "less restricted than the genera Mantellia 
or Carruthers." 

Besides the fossils just mentioned, the rocks under consideration 
have yielded certain obscure stems, for which Dawson creates the pro
visional genus "Knorria." These are stated to resemble closely certain 
Permian stems, described as Schizodendron of Eichwald, from the 
Permian· of Europe. Whether related most nearly to the conifers or 
the cycads is uncertain. 

In addition, there are certain flattened branches, referred to Sternber
gia, and closing the list are obscure impressions referred to the fucoids. 

The obscure condition in which these fossils are found is referred to 
by Dawson in the quotation given above. It is evident that their 
value as a means of determining geological age is small, on account of 
their imperfect preservation. There is not a single species in the list 
that has been found in other localities, and even the generic relations 
of all but the Dadoxylon are uncertain. In the rocks determined by 
Dawson as Permo-Carboniferous he fi.nds Knorria-like stems and a 
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species of Sternbergia which, from his description, can not be distin
guished from those in the upper series. The genera W alchia and Da
doxylon also occur in the lower series. The specific identity of these 
plants is stated by Dawson to be-different from those above; but to one 
reading his report the relation of the flora in the so-called Triassic 
rocks to the flora in the supposed lower series seems certainly more 
intimate than to any other flora cited by Dawson. Such relations as 
are pointed out seem more strongly Permian than Triassic. 

To a geologist whose knowledge of paleobotany is but slight the 
evidence of geological age furnished by the plants in the upper portion 
of the sandstone of Prince Ed ward island seems to be very meager and 
unsatisfactory, but appears to tend toward Paleozoic rather than Meso
zoic affinities. 

While venturing to point out the small taxonomic value of the plants 
referred to above I do not wish to be understood as undervaluing the 
work of paleobotanists. By accumulating such evidence as has been 
recorded by Dawson and Bain we may ultimately have a reliable means 
of determining the identity of widely separated formations .I 

1 Since writing the above I have had occasion to consult F. H. Knowlton of the U. S. Geological 
Survey in reference to certain specimens of fossil wood from the Newark system, and found that he 
had also examined the evidence as to the age of the rocks of Prince Edward island; his letter on this 
subject is here inserted: 

I have examined the slides of the six pieces of fossil wood obtained by you from the Triassic of 
Nort.h Carolina, and, with the possible exception of one piece, have been able to identify them to my 
entire satisfaction with Araucarioxylon arizonicum Knowlton. This species was described (Proc. U. 
S. Nat. Mus., vol. XI, 1888, pp. 1-4, pl. I) from specimens collected in_ New Mexico and Arizona from 
the Shinarump group of Powell; I have also recently detected the same species, or at most only a 
slightly divergent variety of it, from the vicinity of the copper mines near Abiquiu, New Mexico. 

This species is entirely unlike Dadoxylon Edvardianum described by Dawson from the so-called 
Triassic of Prince Edward island. 

In regard to Prince Edward island, a portion of which has been referred to the Triassic by Dawson, 
largely upon paleobotanical evidence, I may say that I have been over the evidence with some care, 
and in the absence of the actual specimens for study and comparison, I think I am safe in saying 
that the data upon which he bases his conclusions are by no means sufficient or satisfactory. The 
only two forms to which he gives specific names are new to science and, as species, can of course have 
no weight in determinining stratigraphic position, but as genera they may have. 

The first species, Dadoxylon edvMdianum, is regarded by Dawson as being closely allied to two 
species from the Permian and one obscure species from the Keuper. Now, as at present understood 
the genus Dadoxylon does not come up into the Mesozoic, but is a Devonill,_n or Carboniferous genus. 
Moreover, judging from the somewhat crude figures, it belongs decidedly to the more ancient forms 
showing the Araucaria-like structure characteristic of the Paleozoic, rather than the more highly 
differentiated forms which are now referred to Araucarioxylon. 

Ste1·nbergia is a Paleozoic genus and represents the pith of Cordaites, a genus which never goes 
above the Permian and had its maximum development in the Devonian and early Carboniferous. 

Kno1-ria is of no value in the present instance in determining age, since Dawson says they ''very 
closely resemble the Permian stems to which Eichwald has given the name "Schizodendron," and fur
ther show internal structure similar to that of stems from undoubted Carboniferous strata (Gallas 
point) already referred to Dadoxylon. 

Fucoids.-These are also of no value in the present case as they are very obscure and are doubtfully 
regarded as being fucoidal. 

Oycadoidea.-This is the other form to which Dawson has given a specific name, and if it is really 
a cycad undoubtedly argues a Mesozoic age even later than the Triassic. But without the specimen 
in hand, and only judging from the figure of it, it seems not improbable that it may be a cone of some 
conifer, particularly when we remember the other things with which it is associated, and further than 
this the specimen is doubtfully from what he calls Triassiac. It is the only thing which is character
istically Mesozoic. 

As for the value of the Dinosaurian remains (Bathygnath,u~ borealis) I am of course unable to judge. 
Very truly, yours, 

F. H. KNOWLTON. 
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ANIMALS. 

Vertebrate fossUs.-In discussing the age of the sandstones of Prince 
Edward island the fossil reptile known as Bathygnathus borealis is fre
quently referred to. This is the only fossil besides plant remains now 
known from these rocks. The fossil bone with teeth, on which the 
genus and species mentioned were founded, was obtained by Dawson 
near New London, on the north side of the island, and described and 
figured by Leidy I in 1854. The remains were referred to the New Red 
Sandstone by Dawson and I,eidy on geological determinations simply, 
and not on account of the zoological relations of the fossil. Even the 
family to which Bathygnatlms belonged was not established until long 
afterwards, if it is now definitely fixed. In a later discussion of the 
age of the rocks in which this fossil was found, it is advanced as evi
dence that they are Triassic. This reasoning is not such a complete 
circle as it appears, however, as our knowledge of fossil reptiles has 
been greatly increased since Bathygnathus was described, and it has 
been determin~d by Cope that its nearest relation is to the Dinosaurs, 
which had their greatest development in Mesozoic time. 

The fossil referred to was described by Leidy "as the right dental 
bone" of the lower jaw, with seven teeth attached. Its position was 
reversed, however, by Owen,2 who claims that the bones are portions 
of the "skull, including the left maxillary, premaxillary, and nasal 
bone." It is considered by Owen as a Theirodont reptile, probably of 
Permian age. 

Able paleontologists thus differ as to the zoological affinities of 
Bathygnathus, and as it is the sole representative of a genus, its value 
to the geologist as a mean~ of identifying the horizons of the strata in 
which it occurs is not conspicuous. If a Dinosaur, as considered by 
several paleontologists, it would seem to indicate that the rocks in 
which it occurs are Mesozoic. If a Theirodont, as claimed by Owen, it 
would indicate a Permian age. To the geologist who must look to the 
paleontologist for the determination of the fossils he finds, the evidence 
of age furnished by Bathygnathus seems nearly equally divided between 
the Paleozoic and Mesozoic, but bending perhaps more strongly toward 
the latter. 

OTHEI~ INDICATIONS OF GEOLOGICAL POSITION. 

Trap rock, undistinguishable from the similar rocks so abundant 
throughout the Newark system, occurs at a single locality on Prince 
Ed ward island. This has been considered by some as evidence of the 
Triassic age of the sedimentary beds with which it is associated. Else
where in this paper it is shown that the trap rocks of the Newark sys
tem belong to a vast series stretching for nearly 1,000 miles along the 
Atlantic coast. This series appears in the sedimentary beds of the 

• On Bathygnathus borealis, an Extinct Saurian of the new red sandstone of Prince Edward island. 
In Philadelphia A cad. Nat. Sci. Jour., 2d ser., vol. II, 1850-1854, pp. 327-330, pl. xxxm. 

2 Evidence of the Theirodonts in Permian deposits elsewhere than in South Africa. In Geol. Soc. 
of London, Quart. Jour., vol. xxxn, 1876, pp. 3()2--366. 
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Newark system as dikes and sheets, and occurs also in dikes in the 
rocks surrounding the various Newark areas, and cutting formations 
of all ages from the Archean upward to the base of the Potomac, but 
does not occur in rocks younger than the Newark. The only evidence 
of age, therefore, that can be claimed for the trap on Prince Edward 
island is that the rocks which it penetrates are presumptively not 
younger than the Newark system; they may belong to the Carbon
iferous or to any older series. 

Throughout the various areas of the Newark system from North 
Carolina to Nova Scotia there is a great unconformity between the 
rocks of that system and those on which it rests. On Prince Edward 
island an unconformity between the rocks referred to the Permo
Carboniferous and those supposed to be of Newark age is wanting. 
While the absence of such an unconformity does not prove that there 
is but one system of rocks on Prince Edward island, it is strongly 
suggestive that such is the case. 

In discussing the age of the rocks in question, nearly all comparisons 
have been made with the Triassic and other formations of Europe. 
What is of special interest, however, is their relation to the Newark 
system. This, it is to be presumed, can be better attained by a direct 
comparison than by comparisons through a more distant formation. 
Evidence of the relation of rocks of Prince Edward island to those of 
the Newark system may be looked for (1) in the fossils they contain; 
(2) in the lithological resemblances of the beds to those of the Newark 
system; and (3) their structural relations to other systems, the relations 
of which to the Newark are known:-

1. No fossils are known to be common to the rocks of Prince Ed-
ward island and to the Newark system. . 

2. Lithologically the rocks in question on Prince Edward island, as 
stated by Ells and others, differ widely from the rocks of the 
Newark system in the Acadian area, with which they are geographically 
nearest related; and besides, they bear a marked resemblance to the 
Permo-Carboniferous rocks on which they rest, and to those of New 
Brunswick. 

3. Throughout all of the various Newark areas, as will be described 
later in this paper, there is a great unconformity between the rocks of 
the Newark system and the formations, some of which are Carbonifer
ous, on which they rest. 

CONCLUSIONS. 

The absence of Newark fossils in the rocks of Prince Edward i-sland; 
the close lithological similarity of the beds in the upper and lower por
tions of the sections there exposed, the lower rocks being Permo
Carboniferous; and the lithological difference of the rocks from the 
sandstone and shales of the Newark system, seem to ine sufficient 
ground for not considering any portion of the stratified rocks of Prince 
E~ward island as belonging to the Newark system. 



CHAPTER IV. 

LITHOLOGY AND STRATIGRAPHY. 

The main portion of the Newark system is composed of conglomerate, 
breccia, arkose, sandstone, shale, and slate.1 Of these sandstone and 
shale are by far the most abundant. There are besides a few thin 

·limestone layers and deposits of coal. The igneous rocks are described 
in a separate section . 

. CONGLOMERATES AND BRECCIAS. 

Coarse deposits, composed of both rounded and angular stones, occur 
especially at the base of the system, and along the borders of some of 
the areas. 

Conglomerates have been reported by Emmons 2 in some of the 
southern areas in the medial portion of the system, or, at least, far 
above its base, but in some instances, as shown by my own observations, 
these exposures are portions of the basal conglomerate, brought to 
light by faulting. The prevailing structure of the system was not 
recognized at the time Emmons made his survey of North Carolina, 
and the hypothesis· that the presence of conglomerates at the surface 
in the central portions of the Newark areas might be due to faulting 
was not considered. No unconformities by erosion have been recorded 
at the horizons where the conglomerates referred to are supposed to 

1 Descriptions of the character and distribution of t.he clastic rocks of the Newark system may be 
found in the following works : 

Acadian area: J.D. Dawson, Acadian Geology, 2d and 3d ed., pp. 86-124. 
Connecticut valley area: J. G. Percival, Rep. Geol. Conne.cticut, 1842, pp. 426--452. Edward Hitch

cock, Final Rep. Geol. Massachusetts, 1841, vol. u, pp. 441--446. 
New York- Virginia area: W . W. Mather, Geol. of New York, 1843, pp. 285-289. H. D. Rogers, 

Description of the geology of N ew Jersey, Final Report, 1840, pp.117-141. G. H. Cook, Geology of 
New Jersey, 1868, pp. 206-226. G. H. Cook, Geol. of New .Jersey, Ann. Rep. f~r 1882, pp. 17--43. N. 
H. Darton, U.S. Geol. Survey, Bull. No. 67, 1890. H. D. Rogers, Geol. of Pennsylvania, 1858, vol. n, 
pp. 667-680. 

New York-- Virginia and other areas to the south: W. B. Rogers, A reprint of annual reports and 
other papers on the geology of the Virginias, 1884, 1)p, 323-328, 475--480. 0. J. Heinrich, Mesozoic 
formation of Virginia; in Am. Inst. Min. Eng., Trans., vol. VI, 1878, pp. 227- 274, W. M. Fontaine, 
Notes on the Mesozoic of Virginia; in Am. Jour. Sci., 3d ser., vol. XVII, 1879, pp. 25-39, 151-157. Ebe
nezer Emmons; Geological report of the midland counties of North Carolina, 1856, pp. 227-268. 

The building stones of the Newark system have been described by S. W. Hawes, Report on the 
building stones of the U.S.; in Tenth Census of the U.S. , vol. x, 1884, pp. 25-27, pl.13. N. S. Shaler, 
Report on the building s tones of the U.S.; in Tenth Census of the U.S., vol. x, 1884, pp. 126,127,141-
144,155-157,177,178,.179,180, 181, 182, pls. 45, 46. S. P. Merrill, Collection of building and ornamental 
stones in U. S. National Museum; in Smithsonian Inst. Ann. Rep.for 1885-'86, pp. 277-648. 

2Emmons, Ebenezer: Geol. Rep. of the midland counties of North Carolina, 1856, pp. 227-239; also, 
American Geology, part VI. Albany, N.Y., 1857, pp. 9-11. 

, 32 - . ~ -- ... - ... - . 
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occur, and additional study is necessary before such marked physical 
changes in the history of the system as would be implied by the presence 
of a widespread stratum of coarse material far above its base, can be 
accepted as proved. 

The important and characteristic conglomerate of the system occurs 
at its base, and is quite generally exposed along the borders of the 
various areas toward which the rocks dip. 

In the Acadian area the lower rocks are coarse, and form character
istic conglomerates, as is shown by exposures on the borders of the 
basin of Minas, and in isolated patches on the west side of the bay of 
Fundy. 

In the Connecticut valley a coarse conglomerate, sometimes contain
ing rounded bowlders 2 or 3 feet in diameter, occurs along the eastern 
margin of the area and about its northern end, but is seldom seen on 
its west border. 

Coarse deposits also form the basal portions of the Southbury area. 
In the New York-Virginia area a coarse brecciated conglomerate 

occurs at intervals all along the western margin. The same is true of 
the detached areas farther south, which fall in line with the New York
Virginia area. These are the Barboursville, Scottsville, Danville, and 
Dan river areas. On the east side of the New York-Virginia area 
coarse deposits are mostly wanting, but have been observed at a few 
localities inN ew Jersey and Pennsylvania. Beneath the Palisades along 
the west bank of the Hudson the basal conglomerate is represented 
by a coarse arkose, apparently derived from the waste of an area of 
feldspathic gneiss. Coarse brecciated conglomerates occur also in the 
more easterly areas in Virginia and North Carolina, but, contrary,: to 
what might perhaps be expected, are frequently exposed on their west 
borders and but seldom seen along their eastern margin. It is also 
frequently well exposed in small linear, outlying patches of Newark 
rocks, near the borders of the Richmond, Farmville, Deep river, and 
Wadesboro areas. These detached or secondary areas adjacent to 
the larger ones owe their preservation to the downward faulting of 
the Newark beds, which has carried portions of the basal member of 
the series below the plane of present denudation. The conglome
rates exposed in these situations are clearly portions of the basal con
glomerate. 

The general absence of coarse conglomerates along the eastern 
border of the southeastern areas just mentioned is due, in part, to t.he 
presence of marginal faults, which bring fine offshore deposits of the 
Newark system in direct contact with the encircling crystalline rocks. 
In other places the junction of the Newark system with the crystallines 
is obscured by quite recent sedimentary beds and by the products of 
subaerial decay, so that it is difficult to determine the nature of the 
rocks near the line of contact. 

A study of the voluminous reports and essays of various geologists, 
Bull. 85-3 
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a portion of which are indicated in the foot note on page 32, aided by 
a personal reconnaissance, seems to warrant the conclusion that the basal 
portion of the system is generally a coarse brecciated conglomerate, hav
ing a thickness ranging from a few feet to perhaps 150 feet. Over con
siderable areas, especially along the west border of the Connecticut val
ley area and the east border of the New York-Virginia area; the lower 
beds are :fine and must have been deposited at a distance from shore. 
The shore line against which theN ewark rocks were deposited at various 
stages may frequently be distinguished by a marked thickening and an 
increase in the size of'the fragments composing the basal conglomerate. 

The marginal conglomerate is not a separate and independent forma
tion capping theN ewark system, as has been at times supposed, but is an 
extension and a local thickening of the basal conglomerate. Coarse 
deposits extended out from the ancient shore line in certain localities, 
as has been stated~ and on their outer margins became interstratified 
with :finer offshore sediments. The coarse shore deposits and the finer 
offshore deposits overlap and form a heterogeneous terrane. 

In speaking of the former shore of the Newark estuary, it is not .in
tended to convey the idea that the shore line at the last stage of depo
sition is still preserved. The whole region occupied by the Newark 
system has been upheaved since the last of its strata were laid down, 
and reduced to a base level by erosion. This process has possibly been 
repeated more than once. The result is that the marginal conglomer
ates now exposed belong in large part to the earlier stages in the depo
sition of the system. Neither do all of the shore deposits now exposed 
belong to a single horizon. As will be mentioned when the structure 
of the system is describeu, the plane of base-level erosion which deter
mined the present surface of the Atlantic slope cuts deeper into the 
Newark rocks in North Carolina and Virginia than it does in New Jer
sey and the Connecticut valley. The marginal conglomerates are com
posed of both rounded and angular debris derived from adjacent por
tions of the encircling crystalline and Paleozoic terranes. In places it 
is highly calcareous, and is used for ornamental building stone and for 
the manufacture of lime. At other places it is largely composed of 
quartz pebbles and is sufficiently compact to be used for millstones. 
Again, it is made up of schists and slates, and can scarcely be distin
guished, especially when somewhat decomposed, from the rocks of the 
adjacent gneissic areas from which its material was derived. The con
glomerate, when calcareous and when largely composed of quartz peb::-
bles, is usually light colored, commonly gray. It frequently carries the 
remains of tree trunks and branches, now changed to lignite, and ob
scure impressions of leaves. At other localities it is highly ferrugi
nous, barren of fossils, and passes by insensible gradations into the or
dinary brown sandstone, which is the most widely known rock of the 
system. In all cases, so far as can now be judged, the coarse deposits 
are of local origin and were derived from neighboring shores. 
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Associated with the coarse shore deposits, especially in the Connecti
cut valley and in New Jersey, there are :fine, dark carbonaceous slates 
which contain fossil :fishes and the impressions of plants. 

SANDSTONES, SHALES, AND SLATES. 

The greater part of the clastic rocks of the Newark system are red
-dish brown sandstones and ferruginous shales. These grade into each 
other so as to form a great variety of lithologic variations, ranging from 
a compact and almost vitreous sandstone to friable shales and clays so 
soft that they crumble between one's. fingers. 

Interstrati:fied with these deeply colored rocks are occasional layers 
of gray sandstone and mottled shales. Although light colored strata 
are present in considerable thickness in certain localities, they are not 
sufficiently abundant to justify a modification of the statement that the 
characteristic color of the system is brown or brownish red. 

The more compact sandstone is quarried at a large number of locali
ties throughout the system, and is extensively used for architectural 
purposes in nearly all of the cities of the Atlantic coast. The reports 
on building stone mentioned in the footnote on page 32, give detailed 
information in this connection. 

When the sandstones are examined under the microscope they reveal 
the fact that they are compose.d of a great variety of mineral and rock 
fragments, but in the main are formed of grains of quartz, feldspar, and 
mica. In the rocks having the characteristic ferruginous color, the indi
vidual grains are coated with a ferriginous, clayey incrustation, which 
also cements the particles one with another and imparts its color to the 
rocks. 

It seems probable that the origin of the coloring matter is to be found 
in the subaerial decay of the crystalline and Paleozoic rocks from which 
the debris forming the strata were derived.1 

• 

Some of the strata of the Newark system are :fine grained, black, 
highly bituminous slates. These occur to a limited extent in the Con
necticut valley and New Jersey, but are present in great abundance 
in the Richmond, Deep river, and Dan river areas. In the southern 
areas these rocks are associated with coal seams, and in some instances 
pass into black-band iron ore of limited economic value. 

LIMESTONES.2 

The limestones are seldom more than a few feet thiek and are mostly 
confined to a fm r localities in the Connecticut valley and the northern 

I Russell, I. C.: Subaerial decay of rocks and the origin of the reel color of certain formations. Bull. 
U.S. Geol. Surv., No. 52, 1889, pp. 45-56. 

2 Hitchcock, Edward: Geol. Massachusetts, Final Rep., 1841, vol. n , p. 444. Percival, .J. G. : Geol. 
Connecticut, 1842, pp. 442-444. Mather, W. W.: Geol. of New York, 1843, p. 288. Rogers, H. D.: De
scription of the Geol. of New .Jersey, Final Report, 1840, p.134. Cook, G. H.: Geol. of New .Jersey, 
1868, pp. 214, 215. 
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part of the New York-Virginia area. Very impure limestone, scarcely 
distinguishable from carbonaceous slates, does occur, however, in con
nection with some of the coal-bearing strata at the south. These strata 
are distinct from the marginal calcareous conglomerates, and frequently 
occur at a distance of several miles from the borders of the system, and 
are interstrati:fied with shales and :fine-grained sandstones. 

They are usually compact, light colored, :fine-grained rocks, and are 
without fossils or other evidence of being of organic origin. N erther do 
they have the characteristics of chemically formed deposits. In some 
instances they seem to have origi:p.ated from the deposition of calca
reous mud derived from the erosion of adjacent limestone areas. 

OO.A.L. 

In the New York-Virginia and more northern areas no coal seams 
have been found, although the presence of carbonized 1:ree trunks, or 
other very limited quantities of carbonaceous material, have been re
ported from time to time as true coal seams. The usual high dip of the 
strata· in the northern areas renders it evident that coal seams would 
be likely to reveal themselves did they exist. The presence of strata 
of highly carbonaceous shales in these areas is the only suggestion of 
the possible presence of coal that the geologist has to offer. 

Workable beds of coal have been discovered in the Richmond, Farm
ville, and Deep river areas. The coal is bituminous except where 
alteration pas occurred, owing to the heat of intruded igneous rocks. 

QUALITY OF COAL. 

In the Richmond :field it is described by Heinrich1 as being highly 
laminated, bright black, highly resinous, and composed of thick laminre 
in thin layers alternating with dull black laminre of less dimensions. 
On the fresh fracture, which is more or less conchoidal, it is jet black, 
luster resinous and splendent. It splits m 'lst readily parallel to the 
stratification, which is strongly marked by the alternate dark and 
bright layers. 

This description would apply equally well to much of the coal of the 
Farmville and Deep river areas. As it is seen at the mines, the bet
ter grade is bright and compact, and indicates at once that it is a val
uable fueL This general impression is sustained by many tests that 
have been made, and by the favor with which the coal of the Richmond 
:field, especially, has been received by those interested in gas and other 
industries in the city of Richmond.2 

The average composition of eleven samples of coal from as many mines 

' The Mesozoic formation in Virginia: Am: Inst. Min. Eng. Trans., Yol. VI, 1879, p. 243. 
2 .Tohnson, W. R.: A report to the Navy Department of the United States on American Coal, Wash

ington, 1844, p. 448. Other analyses may be found in 0 . .r. Heinrich's essay on the Mesozoic of Vir
ginia; Am. In st. Mining. Eng., Trans., vol. VI, 1879, p. 269. 
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in the Richmond coal :field, is given in column I below, and the analy
sis of an average sample of coal from Farmville, in the Deep river area, 
in column II.I 

Average composition of the coals of the Newark system. 

I. II. 

Specific gravity.... . . . . . . . . . . . • . . . . . . 1. 436 
Water, at 115° C............................... 2.15 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 232 3. 72 
Volatile matter .. .. .. .. .. . .. . .. . .. . .. 29. 432 28. 88 
Fixed carbon .. • .. .. .. .. .. . .. .. .. • .. . 58.113 52. 56 
Ash .. .. . .. . .. .. . . .. .. . .. .. . .. .. . . .. . 10. 903 12. 69 

..••.•. .•. 100.00 

NATURAL COKE. 

Besides the bituminous coal which is the characteristic fuel deposits 
of the areas here treated, there are beds of" carbonite," "natural coke," 
and "semianthracite," which are modifications of the normal coal due 
to the heat of intruded igneous rocks.2 Of these the most inter~sting 
and important is the natural coke. This occurs both in the Richmond 
and Deep river coal :fields, and is of considerable economic importance. 
It is iron black in color, porous, has a metallic luster, and resembles 
artificial coke. It has been mined especially at Carbon hill and Mid
lothian, on the east side of the Richmond area. 

The average of five analyses by various chemists, gives the compo
sition of this substance as follows: 

Average composition of natural coke. 

Volatile matter . . . . . . . . • . . . . . . . . . . . . • . . . • . . . . • . . . . . . . . . . 12·50 
Fixed carbon .......................••••....•........•.. 79·93 
Sulphur ............••...•.. ·---········ ................ 0·26 
Ash ..•••••.•.•.......••••..••••••••.•••..••••........... 6·55 

99·24 

J This and other analysis of the coal of the Deep river area may be found in H. M. Chance's report 
on an exploration of the coal fields of North Carolina, Raleigh, 1885, pp. 33, 34. 

2 The history of our knowledge of this substance may be traced in the following works: W. B. Rogers: 
On the porous anthracite, or natural coke of eastern Virginia. In Am . .Jour. Sci., vol. XLIII, !Jp.175-
176. Also in Am. Ass. Geol. and Nat. Proc., 1840, p. 60. Report of the progress of the Geol. Surv. of 
Virginia for 1840, p. 124. ' 

.Johnson, W. R.: [Remarks on the Natural Coke of Virginia.] In Acad. Nat. Sci., Philadelphia 
Proc., vol. I, 18!2, pp. 223-224. Reprinted in The Coal Trade of British America, Washington and 
Philadelphia, 1850, pp. 155-156. "Natural Coke" from Tuckahoe, Virginia. In a report to the Navy 
Department of the United States, on American coals; Washington, 1844, pp. 138-151. 

Lyell, C.: On the structure and probable age of the coal field of the .James river, near Richmond, 
Virginia. In Quart . .Jour. Geol. Soc. of London, vol. III, 1847. 

Rogers, W. B.: [Observations on the natural coke of the Richmond coal field, Virginia.] In Boston 
Soc. Nat. Hist., Proo., vol. v, 1855, pp. 53-56. 

Wurtz, Henry: Preliminary note upon the carbonite or so-called "natural coke" of Virginia. In 
Am. Inst. Min. Eng., Trans., Vol. III, 1874-'75, pp. 456-458. 

Heinrich, 0 . .J.: The Mesozoic formation in Virginia. In Am. Inst. Min. Eng. Proc., vol. VI. 1877-'78, 
pp. 244-269. 

Chance, H. M:.: Report on the North Carolina coal field, Raleigh, 1885, p. 34. 
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RICHMOND Al'mA. 

The coal seams of the Richmond field are irregular in thickness, and 
have been greatly disturbed by faulting, as will be explained in the 
section of this paper devoted to structure. The seams are not contin
uous throughout the :field, although they occur at approximately the same 
horizon. There is no assurance that the seams worked on one side of 
the basin are individually the same as those explored on the opposite 
side, or even in adjacent mines. Seemingly the coal occurs in lenticu
lar beds, the outlines of which have not been determined. The edges 
of these beds overlap, so that while the series as a whole may be con
tinuous over comparatively large areas, individual beds die out and are 
replaced by others. What is a thin seam in one mine may thicken and 
become the most important bed in an adjacent mine. This hypothesis, 
it is true, has not been fully demonstrated, but it explains many pecu
liarities in the :field. 

In the Norwood mine on the west side of the area the coal is worked 
by means of "inclines," in which the following section was exposed in 
1885: 

Feet. 
Sandstone and shale, dipping W. 20 to 25. _. _ -- ............. -- .......... __ . 10to200 
Coal, with medial partings of sha,le _ ................ ____ .......... __ . __ .. _ 5 to 7 
Shales ... _ .......... - - .......... . .......... - -... - - .. - - . . . . . . . . . . . . . . . . . . . . 10 to 12 
Coal, with medial parting of shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

In the neighboring Powhatan mine there are :five coal seams, the most 
important having a thickness at least locally of 7 feet. 

The Old Dominion mines, a mile or two south of the Norwood mines, 
were worked several years ago by means of a shaft, but are now 
abandoned. .At this locality the strata were penetrated to the depth of 
125 feet and found to contain three coal seams. The upper one, where 
it outcropped at the surface, was about 4 feet 6 inches thick, but in
creased to 12 feet when followed down the dip. The second was from 
18 to 24 inches thick near the surface, and increased to 4 feet in the 
lower part of the mine. The third was struck 4 feet below the second, 
and contained 3 feet of coal of inferior quality. 

The mines of Manakin (Dover), on the west side of the Richmond 
area, north of the James, were worked for more than 50 years, and a 
large quantity of coal obtained. They are now abandoned and the 
shafts are in ruins. The " Sinking shaft" at this locality penetrated 
over 900 feet of strata, but failed to reach a workable coal seam. F. W. 
Stone, the former superintendent of this mine, informed me that there 
were two coal seams in the Dover region. No detailed account of these 
deposits is available. 

Coal has been mined all along the east border of the area and in ad
jacent local fault basins, and a large amount of data concerning the 
thickness and association of the local seams is available. 
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The section at Carbon hill, north of the James, is as follows :1 

Section at Carbon hill, Vi1·ginia. 

Recent formation, soil ____ .... _ ..... _ ~ .... ___ .. ____ . _ •... ____ .. ___ .... _ .. . 
Alternating shales and sandstones ..... _ .................................. . 
Cinders, so-called fire clay ....... .: ..... _ .....•.. _ ~ __ ... __ .. ____ . ~ ........ . 
N odula pyrites ... _ ....... _ . __ .. _ ............................. _ ........ _ .. . 
Shales and sandstones .................................................... . 

Coke seam { ~~!~' ~; ~;; } ............. _ .... _ ... __ ........ ·- ................ . 
Shale and sandstone ............. _ ..... _ .... _ .....•.....• _ ....... ___ ..... . 
Coal seam ................. _. __ .. ___ ..................... _ ....•.. _ . _ ..... . 
Shale, third seam .......... _ ........ _ ...... _ .. _ ............•.............. 
Coal .............. _ .... _ ..... _ ..... __ ... ___ ..... _. _ .. __ •.. _. _ ... _. _ .. ____ . 
Shale and shale and sandstone, containing 6-inch coal seam, second seam .. . 
Coal seam, slope seam 8 to 10 feet, first seam ..... ---------- ........ ---- ... . 
Sandstone and slate to supposed granite base ............................. . 

39 

Feet. 
20 

450 
195 
15 
60 

6 

50 
3 

17 
4·5 

40 
9 

160 

1,032·5 

An extremely detailed record of the strata passed through in ex
ploring for coal with a diamond drill at Midlothian, in the central por
tion of the east border of the field, has been published by Heinrich, in 
the paper just cited. These explorations passed through 1,518 feet of 
Newark rocks, and reached the underlying granite. Four coal seams 
were penetrat~d, the lowest of which is 570 feet above the granite. The 
record of the coal-bearing portion of this section is here copied, with 
some slight verbal changes: 

Section at Midlothian, Virginia. 

Distance 
Stratum. Thickness. above 

granite. 

Feet. In. Feet. In. 
Sandstone, arkose, light gray, hard, partially coarse .......................... . 34 9 566 4 
First coal seam, 31 611 coal, 1' 611 slate ......... : ............................... , .. 5 0 571 4 

Slate and schistose sandstone, dark gray ...................................... . 2 577 6 
Sandstone, arkose, light gray, partially schistose .............................. . 3 581 {I 

Slate, dark gray ..•...•...................................•.•.................. 0 589 0 

Sandstone, arkose, gray ....................................................... . 10 599 7 
Second coal seam .............................................................. . 600 7 
Slate, gray ..................................................................... . 9 609 7 
Sandstone, arkose, gray, hard ............................ · ...................... . 0 618 7 
Third coal seam, divided by slaty bands from 2 to 24 inches ................... . 12 

Sandstone, gray, silicious, and gray slate ...................................... . 10 655 4 

Fourth coal seam, divided by slaty bands .............. : ....................... . 14 6 

Slate, block and argillacions sandstone ...................................•..... 4 0 659 4 

At Clover Hill, in the southern part of the eastern border of the 
Richmond area, the character of the coal-bearing strata has been 

I Heinrich, 0 . .J.: The Mesozoic formation of Virginia. Am. Inst. Min. Eng. Trans., vol. vr, 1879, 
pp. 260, 261. 
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recorded by Fontaine.1 There are three main coal seams, and four 
others of less thickness, designated in the section as local. The strata 
interv~ning between the lowest coal seam and the granitic floor on 
which the system rests has not been penetrated. The dip is here to 
the westward at an angle of about 25 degrees, and the coal beds out
crop at the surface. 

Section at Clove1' Hill, Vi1·ginia. 
Feet. Inches. 

Coal seam, local (f) 18 inches to ____ . __ ... . . • . . . . . . . . . . . . . . . . . . • . . . . 4 0 
Sandstone and shale ............................ _... . . . . . . . . . . . . . . . . 14 0 
Coal seam, local...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 12 
Sandstone and shale_ ............ _ ....... _ ... _ ..... _ ....... __ . _ . . . . 12 0 
Coal seam, local.................................................... 0 14 
Sandstone and shale .. _ .............•...... _ ......... _ . . . . . . . . . . . . . 25 0 
Coalseam,local...... .... .... .... .... ...... ...... .... .... .... ...... 0 18 
Sandstone and shale ..... _ . _ ............................... _ . . . . . . . 40 0 
Upper bed of main coal .. _. _ ......................... _. . . . . . . . . . . . . 5 0 
Shale, of varying thickness ...... _ .... _ . . . . . . . . . . . . . . . . . . . . . . . . • . . . • 5 0 
Main coal, lower bed . _ .. _ . _ ........... _ ... _ .... _ .. _ . . . . . . . . . . . . . . . 13-26 0 
Sandstone and shale. __ .... ___ ... __ .. _ ..... _ ................ _ .. _ . _ . 40 0 
Lower pen;istent coal bed.......................................... 4 9 
Sandstone and shale, about ....................... _ ....... _......... 250 0 
Gneissic floor ............................ _ ................. _ ...... . 

The section here given indicates the character of the coal seams about_ 
the bo~der of the Richmond field. In the detached secondary areas 
along its eastern border the rocks have been so greatly disturbed that 
it is difficult to obtain reliable record of the strata. It has been stated 
that the coal seams in these basins were from ' 40 to 60 feet thick. The · 
high inclination of the beds, however, and such descriptions of the 
mines as can be found in books or obtained from men who worked in 
the mines, render it evident that the thickness of the seams has been 
exaggerated, as will be shown in discussing the structure of the area. 

The presence of workable coal beds in the central portion of the Rich
mond area seems probable, although that region has not been explored. 
The nearly horizontal position of the rocks over the central area is a 
promise that the coal, when reached, will be found in a much less dis
turbed and broken condition than on the borders of the field. The 
depth at which coal will have to be looked for in the central area is in 
the neighborhood of 2,500 feet. .At present this depth would probably 
render economic mining impracticable, owing to the low price of coal in 
neighboring markets. 

FARMVILLE AREA, 

Coal was formerly worked in this area in a systematic way for sev
eral years, but the seams are thin, ranging from 6 to 30 inches, and are 
greatly disturbed. No definite records of the strata penetrat~d in the 
various mining operations are to be had. 

l Older Mesozoic Flora of Virginia. U. S. Geol. Surv., Monograph vol. 61 18831 p. 6. 
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DEEP RIVER AREA. 

There are reasons for considering the Richmond and Farmville areas 
in Virginia as having been formerly directly connected with the Deep 
river and Dan river areas of North Carolina. The coal-bearing rocks 
in the Deep river area have a striking analogy to the medial portion 
of the section obtained in the Midlothian mines. While it is presum
able that the formations are continuous, there is no reason for surmis
ing that the coal seams of one area represent individually the coal 
seams of the other. 

At Egypt, North Carolina, in the central portion of the Deep river 
area, the section penetrated by what is known as the" Egypt shaft" 
was carefully recorded by Wilkes.1 This shaft was 460 feet deep, and 
ended in black slate just below the lowest eoal seam. 

Section at Egypt, North Carolina. 

Sandstone ( 410 feet below surface) ..•.•................•...•..••...••• 
Black slate ............................••.•.................•.....•.•. 

Coal ..............................................•............... 
Black band, upper bed ................ _ ................•..•...•••. 
Coal .......................................................•...••• 
Slate ..................... _ .. _ .......... _ .. _. _ .. .•.... _ .•••........ 
·Coal ........... __ .... _ .... __ .... _. _ ....•. __ ............ _ .•....••. _ 

Black bituminous slate ............... ___ ............................. . 
Gray sandstone and :fire clay ......................................... . 
Black band .................................•......................... 
Coal .........................•.................•.............••....• :. • 
Black band ....................•...••......•............. : . .•......••• 
Black slate ..................................................... ---··· 

Feet. Inehea. 

3 0 
9 0 
4 0 
1 4 
1 1 
0 6 
0 7 
8 0 

16 0 
1 5 
1 0 
3 0 
1 0 

At Farmville, North Carolina, 2 or 3 miles west of the Egypt shaft, 
the coal-bearing strata come to the surface but are disturbed by faults 
and by dikes ofigneous rock. The section at this locality, after Chance,2 

is as follows : 

Section at Farnwille, Nm·th Carolina. 

Upper coal (coal 3 feet, shale 2 feet, coal and slate 3 feet) ...•.......••. 
Slate and sandy :fire clay ...............•...... _ ............•.......... 
Coal .......•••................... _ . _ .................. _ ....... _ ...... . 
Slate and :fire clay .........................•.•...•...•.•...•.......••• 
Coal .....•..................•................•.....•.•..••. ." •.•..•...• 
Slate and :fire clay .......................•...•.......................• 
Coal ••...•.••........•...........•..••.........•...•......•••..•••••.• 
Slate and :fire clay ...•..............••...•.....••.......•......•••.•.. 
Lower coal ...•••..................................................... 

Feet. 
8 

17 
0 
6 
1 
4 

.1 
4 
2 

Inehea. 
0 
0 
4 
0 
0 
0 
2 
0 
0 

I [Report on the Deep river country in North Carolina.] 35th Congress, 2d session. Senate Ex. 
Doc. No. 26. 

2Report on the North Carolina coal fields, to the Department of_ Agriculture (of North Carolina), 
Raleigh, 1885, p. 22. 
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, 
DAN RIVER AREA. 

The rocks in this area are similar in nearly every respect to those of 
the Deep river area, but the shaly slates in the central portion of the 
series are thicker and perhaps of greater extent. They contain many 
bands of black bituminous and carbonaceous layers, which have been 
frequently mistaken for coal. 

This area has been critically examined by Chance,1 who reports that 
the coal occurs merely as sporadic deposits of limited extent and too 
thin, irregular, and uncertain to be of commercial value. 

COMMERCIAL DEVELOPMENT. 

Mr. Heinrich 2 states that coal was discovered in the Richmond area 
as early as 1700 and was then mined for local use. Systematic mining 
was begun abouL 1790. This was the first coal mined for shipment in 
the United States. The total production of the area from 1822 to 1878 
is estimated at 5,647,621 tons. Since 1878 mining has been carried on 
at Clover Hill and at the Norwood and Powhatan mines, the annual 
output being about 700,000 tons. · 

Coal is reported to have been mined in a small way in the Farmville 
area 3 between 1855 and 1870, but no definite record of the operation is 
available. I have been informed that mining was resumed in 1890 with 
a promise of good results. 

The coal seams of the Deep river and Dan river areas, like those 
near Richmond, outcrop at the surface. Coal was dug from open pits, 
for local use, early in this century, but no systematic mining was car
ried on until about 1850, when improvements in the navigation of Deep 
river rendered its shipment practicable. The most active period in 
the hi~tory of this field was just preceding and during the civil war. 

When I visited the area in 1885 no mining was being done, although 
a systematic examination of the value of the coal seams near the Gulf 
was being made. At Egypt all work had been suspended for fully 
twenty years, and the deep shaft was in ruins. 

In the Dan river area a little coal was mined during the war, for use 
in Dan ville. 4 

The reason for the unsatisfactory history of the Newark coal fields 
lies primarily in the great disturbances that the various areas have 
suffered on account of tilting, faulting, and igneous intrusions. The 
presence of" fire damp" in many of the mines and a tendency to spon
taneous · combustion have also added to the danger and expense of 
-~--------------~------------------

1 Report on the North Carolina coal fields to the Department of Agriculture (of North Carolina), 
Raleigh, 1885, pp. 62-66. 

2 The history of this :Joal field an<l a detftileu record of the amol~nt of coal produced in various years 
is given by Heinrich. Am. lust. Min. Eng. , Trans., vol. vr, pp. 266-274. 

a The history ancl character of this field and of related coal-bearing areas, is given by S. H. Daddow 
ancl B. Bannan, in "Coal, Iron, and Oil, etc," Pottsville, Pa., 1866, pp. 393-406. 

' The history of these various fields has been summarizell by H. M. Chance in report on tbe coal 
fields of North Carolina, made for the State Boarcl of Agriculture, Raleigh, 1885, pp. 22-24. 
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working. In all the fields mining was b~gun at the surface. Water 
was thus admitted and the most valuable portions of the beds per
manently injured. The lack of foresight in the early development of 
the mines has practically ruined large areas. 

At present the cheapness with which coal can be furnished along 
the Atlantic border, from the extensive mines on the west slope of the 
Appalachians, practically closes competition in the mines of theN ewark 
area, where mining is more expensive than in the great fields farther 
west, owing to the natural difficulties suggested above. Those best 
qualified to judge of the value of the Richmond field are of the opinion 
that it contains an important reserve supply of coal which will be util-
ized in the future. . 

The value of some of the highly carbonaceous slates associated with 
the coal, for gas manufacture, indicates that they too will ultimately 
be used. 

The disturbed and broken condition of the rocks here considereA 
precludes the hope that they will ever yield even limited supplies (/" 
oil or gas. · 

THICKNESS OF THE NEW ARK ROCKS. 

Many estimates have been made of the thickness of the Newark 
rocks, but owing to the faulted structure that characterizes the system 
no generally accepted results have been reached. It is possible to 
measure the thickness in the Danville, Dan river, and Wadesboro 
areas with a reasonable approximation to accuracy, but this has not 
been done. The only reliable evidence of the thickness of the system 
available is the records of various deep borings that have been made. 

An artesian well at Northampton, Massachusetts, sunk in the lower 
sandstone of the system, reached a depth of over 3,000 feet without 
reaching the underlying crystalline rocks. 1 A well bored near New 
Haven, Connecticut, by the Winchester Arms Company, approximately 
2 miles from the west border of the Newark rocks, reaches a depth of 
2,400 feet without passing through the system.2 

Many wells have been sunk in the Newark area of New Jersey in 
search of artesian water. The deepest of these is at Paterson and 
reached a depth of 2,100 feet, all but the upper 6 feet being in the 
sandstones, shales, etc. 3 

Explorations for coal with the diamond drill at Midlothian, Virginia, 
near the eastern margin of the Richm$nd area, reached the underlying 
granite at a depth of 1,518 feet. 4 

1 EQJ.erson, B. K.: (Topography and Geology of Hampshire county, Massachusetts.) In Gazetteer 
of Hampshire county for 1854-1887. Compiled and edited by W. B. Gray, Syracuse, N.Y. (1888), p.l9. 

2 Hubbard, 0. P.: New York Acad. ::lei., Trans. , vo1. IX, 1889-1890, p. 3. It is stated by J. D. 
Dana that this well shows a depth of Newark rock of at least 3,100 feet. Am. Jour. Sci., 3d scr., vol. 
XLII, p. 442. 

a Cook, G. H.: Geol. Surv. of New Jersey. A.nn. Rep. for 1885, Trenton, N.J., 1885, p.l15. 
4 Heinrich, 0. J.: The Mesozoic Formation in Virginia. In Am. Inst. "Min. Eng., Trans., vol. VI, 

1879, pp. 256-260. 



44 THE NEW ARK SYSTEM. [BULL,85. 

At Durham, North Carolina, near the west margin of the Deep river 
area, a well was bored a few years ago to the depth of 1,600 feet, all 
in rocks of the Newark system. 

The data in hand are not sufficient to determine the thickness of 
rock in the various Newark areas, but it is evident from the records 
of the Northampton well that an estimate of 4,000 feet could not be 
considered excessive. When it is remembered that great erosion has 
taken place, it is evident that the original thickness of the system 
must have far exceeded the amount just stated. 



CHAPTER V. 

CONDITIONS OF DEPOSITION. 

In the present section, the manner in which the various beds of the 
Newark were deposited as well as the evidence they contain as to the 
character of the climate during the time of their accumulation, will be 
considered. 

PHYSICAL CONDITIONS. 

/ PREVIOUS INTERPRETATIONS • 

.A hypothesis proposed by Rogers,t which refers the deposition of the 
rocks of a large part of the Newark system south of New York to the 
action of a river rising in the Southern States and emptying into the 
ocean in the neighborhood of the present site of New York, has met 
with so little favor and is so inconsistent with later observations that 
it seems unnecessary to consider it at this time. 

The rocks of the Acadian area are considered by Dawson 2 as having 
been deposited in a bay resembling the present Bay of Fundy, which 

• was swept by strong tides and currents that carried away the argil-
laceous matter and prevented the deposition of muddy sediments. 

In reference to the conditions of deposition of the Newark system 
in general, Dana 3 observes that the absence of radiates, the paucity of 
mollusks, and the presence of few species that are properly marine, 
prove that the ocean had imperfect access, where any, to the regions in 
which the rocks were deposited. The beds are not seashore formations 
like the Cretaceous and Tertiary, which goes far to confirm the idea 
that they are partially estuary and partly of lacustrine origin . 

.A little later in the same volume Dana states: 4 

The position of the [Newark] beds on the Atlantic border shows that this part of 
the continent stood nearly at its present level. The strange absence of marine de
posits along the Atlantic border may be accounted for by supposing that the dry 
land stretched farther out to the eastward, and that seashore deposits were formed 
which are submerged. A change of level of 500 feet would take a breadth of 80 
miles from the ocean and add it to the continent. 

I Description ofthe geology of the state of N ew .Jersey. A final report. Philadelphia, 1840, pp.115, 
166-171. The hypothesis proposed by Rogers is quoted by W. W. Mather in Geol. of New York, part 
1, 1843, pp. 289- 293, who agrees with Rogers in the main, but ascribes the deposition of the rocks of 
the Newark system in an inclined }Josition to th~ meeting of equatorial and polar oceanic currents. 
The hypothesis proposed by Rogers is dissented from by E. Mitchell in "Elements of Geology, with 
an outline of the geology of North Carolina," 1842, p. 133. 

2 Acaclian Geology, 2d and 3d editions, 1868, 1878, p. 111. 
3 Manual of Geology, 2d ed., 1875, p. 420. 
4lbid, pp. 422-423. 

'45 
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In this connectiG.:..l LeConte 1 writes: 
During the Jura-Trias (Newark] the shore line to•the north was still beyond what 

it is now,, for no Atlantic border deposit is visible; and along the Middle and South
ern States it was certainly beyond the bounding line of Tertiary and Cretaceous, 
for all the Atlantic deposits of this age hav-e been covered by subsequent strata; and 
yet, probably not much oeyond, for some of these Jura-Trias patches seem to have 
been in tiualconnection with the Atlantic Ocean. It is probable, therefore, that the 
shore line was a little beyon<i the present New England shore line, and a little 
beyond the old Tertiary shore line of the Middle and Southern Atlantic States. 

A little back from this shore line, and at the foot of the Appalachian chain, there 
was a series of old erosion or plication hollows stretching parallel to the chain. 
The northern ones had been brought down to the sea level, and the tides regularly 
ebbed and flowed there then &s in the Bay of San Francisco or Puget Sound at the 
present time. In the waters or' these bays lived swimming reptiles, Crocodilian and 
Lacertian, and on their flat, muddy shores walked great bird-like reptiles, and pos
sibly reptilian birds. The more southern hollows seemed to have been been above 
the sea level, and were alternate1y coal marshes and fresh-water lakes, emptying by 

- streams into the Atlantic; or, according to Russell, there may have been but one 
great sound stretching from Nova Scotia toN orth Carolina, in which the tides flowed 
and ebbed, the southern end being swampy or marshy. Since that time the coast 
has risen 200 or 300 feet, and these patches are therefore elevated so much above the 
sea level. 

The physical conditions under which the rocks of the Newark system 
in New Jersey and the Oonnecticu t valley were deposited, as described 
by Newberry, 2 are here cited: 

Many of the beds show ripple marks, sun cracks, and rain drop impressions, 
which prove that they were once beaches or mud flats, sometimes exposed to the air. 
They are also frequently impressed by the tracks of large and small animals. Every
thing indicates that these tracks were made by animals that frequented the shores 
of bays and estuaries where the retreating tide left broad surfaces which were their 
feeding grounds. Inasmuch as many successive beds show ripple marks, sun eracks, 
and tracks, the conclusion seems inevitable that the areas where these strata were 
deposited were slowly sinking and that the land-wash spread by the tide constantly 
formed new sheets, upon which fresh records were inscribed. 

CONCLUSIONS. 

The generally accepted conclusions of geologists in reference to the 
mode of deposition of the rocks under discussion seem to be, that the 
beds were water laid and must have accumulated in land-locked 
estuaries and swamps. The suggestion many times advanced that 
these rocks are lacustral in origin has never been sustained by direct 
evidence. 

The facts on which these conclusions are based may be summarized 
as follows: 

(1.) Absence of characteristic marine or fresh water fossils, thus sug
gesting brackish water and unstable condition. 

(2.) Fossil fishes closely allied to existing ganoids of rivers and lakes, 
which were, perhaps, migratory in their habits and, like salmon at the 
present time, were destroyed in large numbers at the mouths of the 
small strealllt3 which they frequented during the breeding season. 

1 Elements of Geology, 1882, pp. 469-470. 2 U.S. Geol. Survey, Monograph vol.14, 1888, p. 5. 
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(3.) Rapid alternations of sediments which are frequently cross-bed
ded, and the presence of footprints, raindrop impressions, etc., indi
cating the prevalence of high tides. 

(4.) The presence of land plants in the more carbonaceous portion~ 
of the deposit, and of fossil wood in many localities in the sandstone, 
indicating the proximity of land. 

These facts favor the conclusion already stated, that the rocks, espe
cially of the northern portion of the Newark system, were deposited in 
broad, shallow, tide-swept estuaries, in which broad expanses of mud 
were left exposed at low water. The southern part of the area of depo
sition was low and swampy, and received accumulation of carbonaceous 
matter. A slow subsidence during the period of deposition is shown, 
particularly in the northern areas, by the occurrence of footprints and 
raindrop imprAssions at many horizons. 

CLIMATIC CONDITIONS. 

Several expressions of opinion have been published respecting the 
prevailing climatic conditions during the Newark period. I will state 
the conclusions that have been reached, and then review briefly the 
evidence on_ which they rest. 

In describing certain coarse deposits on the east border of the Deep 
river area in North Carolina, Kerr 1 suggested that they indicated a 
sub-Newark glaciation. But these deposits have been shown by Fon
taine,2 to belong at the end rather than at the beginning of the Newark 
period. A similar remark was made by Shaler, Davis 3 and Hitch
cock, 4 in reference to the origin of the coarse conglomerates of the 
Newark system in the onnecticut valley. 

It has been suggested by Dana 5 that the Connecticut valley had its 
violent floods during the Newark period, which may have been en
larged by the waters and ice of a semiglacial era. 

GLACIAL HYPOTHESIS. 

The most extended discussion of the glacial origin of the coarse con
glomerates of the Newark system that has been made, is by Fontaine.6 

In order to give an impartial hearing to the hypothesis of Mesozoic 
glaciation, his conclusion is cited in full: 

I think that many of the features described in the preceuing pages can best be ex
plained by supposing that in Triassic and .Jurassic times, the Appalachian mountain 
region was receiving supplies of snow too great to be removed by melting. Conse
quently the excess must have been dischargecl by glaciers. These must have ad
vanced and receded more than once in the earlier periods, but did not penetrate to 
the sea. Toward the close of the Jurassic they advanced in such force that they 

1 Rep. of the Geol. Sur>ey of North Carolina, vol. I, 1875, p. 146. 
2 Am . .Jour. Sci. , 3d ser., vol. XVII, 1879, p. 34. 
3 lllustrations of the earth's surface, Glacier, Boston, 1881, pp. 95-96. 
4Geology of New Hampshire, Concord, 1878, vol. III, Part 3, p. 283. 
sAm . .Jour. Sci., 3d ser., vol. XVII, 1879, p. 330. 
6 Ibid., pp. 236-237. 
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reached the sea. In the intervening time, while the ice was gathering force, ice 
rafts, charged with stones and earth, .floated down the streams which issued from 
the foot of the ice. To the frequent pushing forward, and the consequent abrasion 
of the matter accumulated at the foot of the ice, and in the upper course of the rivers, 
we must attribute much of the rounded and polished condition of the Potsdam stones 
now found so far to the east of their original position. This ice may have made its 
final advance over the whole of the portion of the Atlantic slope in which the features 
above described are found, or it may have issued from the Blue Ridge, mainly along 
the line of the Potomac and James, and then in its farther advance to the east have 
spread laterally, so near the border of the Azoic, as to have coalesced into one sheet. 
The facts observed rather favor the latter method of advance. From this supposi
tion it would follow that the Mesozoic areas were fed by the cold waters issuing 
from the ice and snow on the mountains. This may account for the paucity of animal 
life, especially molluscan life, that they show. The only marine waters with which 
they could communicate contained forms that could not live in the cold inland waters. 

It is probable that the courses of the present principal streams were marked out 
by this ice action, and hence co~J.es their direct course and independence of the char
acter of the rocks over which they :flow. There is no difficulty in explaining the 
growth of the plants, now found fossil, nt a time when the Appalachian mountain 
belt was covered with snow. All that was needed was a raising of the present winter 
temperature in the lowlands, for we shall show that for the formation of glaciers on 
the heights the climate need not have been colder than at present. Owing to the non
existence of the Rocky mountains, the cold western and northwestern winds of the 
present time would not by reflection from that chain then reach the eastern slope3. 
At the same time the greater extension of thA Gulf waters northward would cause' 
southerly winds to sweep over these slopes. 1'hese winds passing O\'er the cold waters 
of the lakes and great rivers would form abundant fogs. Thus a mild, equable; and 
moist climate would be produced in the lowlands, even if the earth had its present 
amount of cold, causing the growth of ferns, cycads, etc., and covering the hills with 
the immense growth of coniferous trees which we know must have existed. This 
condition of things would also be eminently favorable for the production of coal. 
This was only brought to a close in the final advance of the lee at the end of the 
Jurassic period, when all the abundant forms of plants f that period were extin
guished to appear no more. No other cause seems adequate to explain the total ex
tinction of the Jurassic :flora, and the complete change which we find in the succeed
ing Cretaceous :flora. 

But while the plants were growing in the lowlands and around the lakes, a very 
different condition of things prevailed in the high Appalachians. The stratigraphy 
of the formations composing this belt, and the amount of erosion which, as we know, 
took place, make it clear that in the early Mesozoic times much of this region must 
have stood above the snow line, and a still larger portion near it. If we recall the 
physical features of the North American continent which existed at that time, we 
shall see that even with our present climate then prevailing, the cond.itions would 
have been eminently favorable for the formation of glaciers. Along with a sufficient 
degree of colcl we must have abundance of moisture to produce glaciers. This would 
be supplied by the western and southwestern winds. The latter would sweep un
checked from the Pacific over vast bodies of warm waters in the interior, and meet
ing the lofty mountain belt of the Appalachians, would give unlimited supplies of 
snow. The configuration of this elevated district with its broad slopes, and long 
valleys inclining in one direction, woulcl be eminently favorable for the collection 
of snow and its discharge in the form of glaciers. Indeed this region must at that 
time have formed a perpetual storm center. We are not without evidence, however, 
that a period of cold greater than that now existing, prevailed toward the close of 
the Jurassic, and in this we find the explanation of the advance of the ice so far to 
the east at that time. 
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The statement has recently been made by J. D. Dana1 that the 
Newark period "ended in a semiglacial era, as is admitted by all who 
have studied the beds." The evidence which is advanced to support 
this view "consists of thick deposits of stones and bowlders in which 
occur masses 2 to 4 feet in dian;J.eter, and therefore such as only ice 
could have handled and transported. They are situated along the west 
side of the area in Virginia, Maryland, and New Jersey (where the dip 
of the Jura-Trias [Newark] beds is westward),2 and on the eastern, in 
Connecticut and Massachusetts (where the dip is eastward). Fontaine 
has found in Virginia and Maryland that they are the later beds of the 
formation." Beds north of Amherst, Massachusetts, containing bowl
ders 3 to 4 feet in diameter are referred to, and Edward Hitchcock's con
clusion, that they are the upper beds of the series, is cited. Coarse 
deposits near East Haven, Connecticut, are also mentioned. 

The consiflerations which are thought to maintain the hypothesis of 
glaciation during the Newark period may be briefly stated as follows: 

(1) Presence of coarse conglomerates and breccias at many localities. 
(2) Absence of fossil mollusks, radiates, etc. 
(3) Unexplained phenomena in the drainage and relief of the Appa

lachians. 
( 4) Extinction of the fauna and great changes in the flora of the 

Atlantic border in the: interval between the Newark and Cretaceous 
period. 

Before discussing the value of this evidence let us see what records 
might reasonably be looked for in case glaciers did assist in the depo
sition ofthe Newark sediments. 

Pl"tESERVATION OF GLACIAL RECORDS. 

All records of glaciation when not buried beneath subsequent deposits 
would certainly be destroyed by atmospheric decay and erosion during 
such a vast lapse of time as has intervened between the Newark period 
and the present day. An exception to this statement may possibly 
exist in the effects which glaciation might impress upon the drainage 
and topography of a region. It is possible that some of the seemingly 
abnormal features in the drainage of the Appalachians may be accounteQ. 
for on the hypothesis that they are an inheritance from an ancient 
period of ice invasion. 

Among the direct evidences of glaciation which might be preserved 
for indefinite ages are: · 

(1) Smooth and striated rock surfaces, characteristic of ice action. 
Such surfaces if buried beneath fine sediments might be preserved in 
their original condition; or casts of them might be made, in the same 
manner that impressions of foot-prints showing the most delicate mark
ings, have been preserved. 

(2) Bowlders, smooth and striated and faceted by glaciers, might 

1 Am. Jour. Sci., 3d ser., vol. XL, 1890, p. 436. 2 Ibid., vol. XLI, 1891, note of errata. 

Bull. 85-4 
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retain their peculiar markings for an indefinite period, especially when 
cemented with fine sediment or united by calcareous or other infiltra
tions. 

(3) When a glacier enters a lake or estuary, morainal material is 
deposited in irregular, unassorted heaps about its foot. The distance 
seaward to which terminal moraines may be deposited, depends on the 
size of the glaciers and on the depth of the water bodies they enter. A 
shallow estuary or lake would offer but feeble resistance to the advance 
of a glacier, and might have moraines widely distributed over its bottom. 
On the other hand, a deep water body with precipitous shores, wonld 
retard the progress of a glacier or check its advance altogether. The 
result would be the formation of moraines near the water margin. 

(4) When glaciers enter water sufficiently deep the ice breaks off 
and forms bergs which may transport stone and bowlders to great dis
tances, and finally drop them in the fine sediments that accumulate in 
deep water. 

(5) The effects of a glacial period on animal and plant life has received 
much attention, but it is difficult to indicate what permanent records 
of this nature might be expected. A long period of glaciation might 
revolutionize the fauna and flora of a region, while many alternations 
of warm and cold climates would produce even greater changes. Lux
uriant forests, however, are known to grow close to existing glaciers. 
not only in tropical and subtropical regions, but in high latitudes, 
The Malaspina glacier, Alaska, is not only bordered by exceedingly 
dense forests, but the moraines resting upon its margin are covered 
over an area of many square miles with dense vegetation, and support 
forests of spruce trees, many of which are fully 3 feet in diameter. 
Plants indicating temperate and tropical conditions might easily be 
preserved in connection with glacial deposits, but such paradoxical 
records must, for the most part, occur in connection with the deposit 
of glaciers originating in lofty mountains, and not along the borders 
of continental glaciers like those that covered the northeastern part of 
North America during the Pleistocene. 

The water into which large glaciers discharge either directly or after 
melting are cold and could not be inhabited by animals characteristic 
of tropical conditions. It is in the animal remains found in the :fine 
deposits, intimately associated with glacial accumulations, that we 
should expect to find the best records of the climatic conditions under 
which the strata were deposited. 

WEIGHT OP THE EVIDENCE OF GLACIATION. 

Having in mind what records might reasonably be expected to occur 
in the rocks of the Newark system if glaciers had assisted in their 
deposition, let us see what the facts are: 

(1) No smooth and striated rock surfaces have been discovered 
beneath the system. 
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(2) No glaciated bowlders have been observed in the coarse con
glomerate. 

(3) The bowlders in the conglomerates are usually rounded and are 
such as streams, especially if assisted by river ice, could transport. 
Large angular erratics are · conspicuous by their absence. 1 

(4) The coarse material characteristic of portions of the system is 
confined principally to its bottom and sides. As the fine sediments 
closely associated with the coarse deposits are ;frequently ripple-marked 
and contain footprints and raindrop impressions, it is evident that the 
water bodies in which these beds were deposited were shallow. The 
water being shallow, there is no reason why glaciers should invariably 
stop at the shores aud deposit their loads, instead of spreading widely 
over the basin. Besides, the coarse deposits do not have the hetero
geneous character of moraines, but are frequently stratified and show 
current bedding, as if deposited by strong currents. 

(5) Along the outer or seaward margins of the coarse layers they are 
interstratified with fine sediments which are not crumpled or contorted 
as would be expected had glaciers invaded the basins in which they 
were laid down. 

(6) No scattered bowJders or large rock fragments, indicating iceberg 
drift, have been found in the fine sandstones and shales which make up 
the great bulk of the system. 

(7) No fossils that are indicative of a cold climate have been found. 
As stated in a previous paper,2 it is not probable that the great num

bers of reptiles, some of them of gigantic size, which lived during the 
Newark period, could have existed in estuaries that were partially oc
cupied by ice and in which icebergs were floating. Coldblooded ani
mals at the present day are confined to warm regions, and there is no 
reason to suppose that this law was reversed during the Newark period. 
The swarms of reptiles that formerly inhabited the Connecticut va1ley 
and New Jersey regions must have required a large amount of plant or 
animal food. This would imply also that the shores of the Newark 
basin were more like those of Florida than those of Greenland at the 
present time. 

To make more specific objections to the hypothesis of glaciation, it 
may be remarked that paucity of molluscan life does not necessarily in
dicate a cold climate, as implied by Fontaine, 3 since, as is well known, 
many species of shells are found in the mud at the foot of existing gla
ciers which terminate in the sea. The same and allied species of mol
lusks occur in the Pleistocene glacial clays of both Europe and America, 
thus showing that the existence of glaciers is not necessarily attended 

1 Even angular rock masses 20 or 30 feet in diameter are not alone sufficient evidence of glacial action, 
since such masses occur in alluvial cones in the arid r egions 2 or 3 miles from the outcrop from which 

• they were derived. 
20n the former extent of the Triassic formation of the Atlantic States. Am. Nat., vol. xrv, 1880, 

p. 710. 
3 .A.m. Jour. Sci., 3d ser. , vol. xvn, 1879, p. 52. 



52 THE NEW ARK SYSTEM. [BULL. 85. 

with the extermination of the lower grades of marine life. Besides, the 
glacial hypothesis for accounting for the general absence of molluscan 
life in the N~ewark system is not the only one in the field; other more 
or less satisfactory explanations of the same phenomena have been 

·offered, which do not imply an arctic climate. 
From what has been stated in the last few pages it seems obvious 

that the only basis that can possibly be claimed for the glacial hypothe
sis under discussion, is the presence of coarse conglomerate along por
tions of the borders of theN ewark areas. That the character and distri
bution of this conglomerate are such as would result from. the 'action of 
waves and currents along a shore from which debris was being derived 
is seemingly sufficiently upheld by o.bservations to exclude other hy
potheses. 

As shown elsewhere in this paper the coarse deposits are not confined 
to the present surface, but occur at the base of the system and inter
stratified with fine sediments along certain portions of the margins of 
the existing areas. Furthermore, the .fine sediments associated with 
the coarse deposits are not crumpled or contorted, as would be expected 
had glaciers ridden over them. The rock masses forming the conglom
erate are usually either rounded or subangular, and are such as high 
grade streams might sweep down into an estuary. Large angular 
masses like those occurring on m.any glaciers are notably absent. 

In reference to the break in the succes-sion of animal life and the great 
changes in the flora of the Atlantic coast between the deposition of the 
Newark beds· and the next succeding formation, it is to be remembered 
that a great unconformity occurs at this horizon which makes a gap in 
the life records. How long this time was we have no means of judg
ing, unless it is that during the interval the animals characteristic of 
the Newark become extinct and the flora greatlymodified. As is well 
known, such breaks in stratigraphy are accompanied by equal marked 
modifications in the life records at many horizons in geological history. 
To assume that the changes in the flora and fauna between the close 
of the Newark and the beginning of the next period of which there is 
any record in the Atlantic coast region are due . to a glacial epoch is 
doing violence to a general rule. Great breaks in stratigraphy areal
ways accompanied by breaks in the life records. 

INDICATIONS OF A MILD CLIMATE. 

In an essay on the subaerial decay of rocks and the origin of the red 
color of certain deposits,1 I have shown that there are reasons for con
sidering the characteristic red color of the rocks of theN ewark system as 
due to the subaerial decay of the debris of which they are composed 
previous to its deposition. It is also shown in the paper referred to 
that such decay occurs especially in warm humid regions. The sug
gestion was also made, as has been done in substance previously by 
Von Richthofen, that the decay indicated by the character of the rna-

l Bull. U.S. Geol. Survey, No. 52. 
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terial forming the Newark rocks may have occurred in a great measure 
during the Carboniferous. This hypothesis is not necessanly inconsis
tent with the hypothesis of glaciation, however, as the accumulated 
debris resulting from a long period of decay might have been removed 
and deposited during a subsequent period of glaciation. 

The plants that have been found in the Newark system are repre
sented at the present time mainly by .Araucarian·pines, ferns, equiseta, 
and cycads, thus suggesting a temperate or subtropical climate . 
.Although this flora is not inconsistent with the contemporaneous exis
tence of local glaciers, yet it may be taken as evidence that a decidedly 
glacial period like that of the Pleistocene did not occur during the time 
it :flourished. 

CONCLUSIONS. 

The absence of glacial records seems to warrant the conclusion that 
glaciers did not enter the basins in which the Newark rocks were depos
ited. It does not follow, however, that the .Appalachians were not occu
pied by local glaciers. The suggestion that t~ose mountains were 
higher in the Newark period than now, and were covered with peren
nial snow, while the adjacent low lands enjoyed a mild climate, seems 
an attractive and very possible hypothesis, but definite evidence as to 
its verity has not been obtained. The proof that the climate of the 
.Atlantic slope during the Newark period resembled that of Italy at 
the present <Jlay, with glaciers on the neighboring mountains, must be 

. looked for in the drainage and sculpturing of the mount~ins, and the 
character and distribution of the debris washed from them. .A period 
of long decay preceding the birth of the .Appalachian glaciers would 
have prepared land to furnish abundant debris when the facilities for 
transportation were augmented. 

RESUME. 

In this chapter an attempt has been made to show that the Newark 
sedimentary rocks including conglomerate, sandstones, and shales. were 
probably deposited in tide-swept estuaries, while the carbonaceous 
shales and associated coal seams originated in basins more thoroughly 
shut off from the sea. The carbonaceous deposits are confined to the 
southern areas, and indicate that subsidence was there less rapid than 
farther north. 

The eastern borders of the Newark estuary can only be determined 
in part; portions of an eastern shore are preserved in the Connecticut 
valley, and course conglomerates on the east side of the Deep river· 
area seem to show that there was land to the eastward in that region, 
as has been suggested by Kerr. Further than this, the facts in hand 
do..not warrant definite conclusions. 

The climate of the period does not seem to have been marked by ex
tremes. Certainly the evidence indicating glaciation is weak, while the 
suggestion of a mild climate has many considerations in its favor. 



CHAPTER VI. 

LIFE RECORDS. 

The fossils now known from the system under review comprise two 
genera of Marsupialoid mammals; a large number of batrachians and 
reptiles, represented in part by bones and teeth, but principally by foot
prints; several genera of fishes; a few imperfectly preserved molluscan 
shells; a small number of insects, known from larvre and tracks; crus
taceans of the genera Estheria and Cladonia, and what are supposed 
to be the trails of higher forms, and a rich flora containing conifers, 
cycads, equiseta, and ferns. 

The most abundant fossils are footprints and trails impressed upon 
the strata while in the condition of mud and sand and retained with 
wonderful fidelity. Records are thus preserved of many animals, some 
of them of gigantic size, no other relics of which have been found. 

MAMMALS. 

The mammalian remains thus far discovered consist of the jaws of 
insectivors, obtained by Emmons 1 at Egypt, in the Deep river area, 
North Carolina, some fifty years ago. These were described by Em
mons under the name Dronotherium sylvestre, but have recently been 
revised by Osborn 2

, and shown to belong to two genera, for one of 
which the name Microconodon is proposed. The mammalian remains 
now known are Dt·onotherium sylvestre Emm., and Microconodon tenui
rostris Osb. 

BATRACHIANS AND REPTILES. 

The earliest discovery of fossil bones in the Newark system was at 
Phamixville, Pennsylvania. The fossils there obtained were determined 
to be reptilian remains by Isaac Lea, 3 and described by him under the 
name Clepsysaurus pennsylvanimts. Clepsysaurus has since been re
ferred to the Dinosauria by E. D. Cope. 

IA..merican Geology, part vr. Albany, 1857, pp. 93-96. 
20bservations upon the Upper Triassic mammals Dronotberium and Microconouon. In Philaclelphia 

.A..cad. Nat. Sci., Proc., vol. xxxvm, 1887, pp. 259-363 . .A. new mammal from the American Trias. In 
Science, vol. VIII, 1886, p. 540. The Triassic mammals Dronotherium and Microconodon. In .A.m. Phil. 
Soc., Proc., vol. xxrv, 1887, pp. 109-111, pl. op. p. 111. -

3Mentioned in Philadelphia .A..cacl. Nat. Sci., Proc., vol. v, 1850-'51, p. 205. Described in Philadel
phia .A.cad. Nat. Sci., Jour., 2d ser., vol. u, 1850-'54, pp.185-202, pl.17-19. 
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The next important discoveries were numerous reptilian teeth and 
fragments of bones obtained inN orth Carolina. These were studied by 
Leidy and Emmons, and descriptions and figures of them published.1 

The Newark rocks near Phamixville and Upper Milford, Pennsylva
nia, also yielded a number of vertebrate fossils, consisting of teeth and 
fragments of bone, which were studied and classified by Leidy and Lea.2 

Reptilian bones were also found in the Connecticut valley and de-
scribed by E. Hitchcock, 3 but these were too imperfect to admit of 
accurate determination. 

Recently, the vertebrate fossils from the Newark rocks of North 
Carolina and Pennsylvania have been systematically investigated by 
E. D. Oope,4 who has revised their classification and added several new 
names to the list. 

One of the most important finds in recent years of Reptilian remains in 
the Newark rocks was near Manchester, Connecticut. This consisted 
of the skeleton of an animal 6 or 8 feet long, embedded in the ordi
nary brown sandstone of the region, which is supposed to have been 
nearly perfect when discovered, but owing to ignora,p_ce of its value, 
only portions were preserved. These liave been described by Marsh 5 . 

under the name An chisaurus major. This was probably one of the 
reptiles that left their footprints in such abundance on the sandstones 
of the Connecticut valley, and encourages the hope that these ro~ks, 

I Geological Survey of the Midland Counties of North Carolina. New York, 1856, pp. 293-322, pl. 5-8. 
American Geology, part VI. Albany, 1857, pp. 54-93, pls. 5a, 6a, 8, 10. 

2 Lea, Isaac: [On the finding of fossil reptile bones in a calcareous conglomerate near Upper Milford, 
Lehigh county, Pa.] In Philadelphia Acad. Nat. Sci., Proc., vol. v, 1852, pp.171-172. Description of a 
Fossil Saurian of the New Red Sandstone formation of Pennsylvania, with some account of that forma
tion. In Philadelphia Acad. Nat. Sci. , Jour. , 2d ser., vol. II, 1850-'54, pp.185-202, pls.17-19. Remarks 
on the teeth of a Sauroid Reptile from near Phrenixville [Pa.]. In Philadelphia Acad. Nat. Sci., Proc., 
vol. VIII, 1856, pp. 77-78. Abstract in Am. Jour. Sci. , 2d ser., vol. ·xxii, 1856, pp.122-123. [Remarks on. 
fossils from near Phoonixville, Pa.] In Philadelphia Acad. Nat. Sci., Proc., vol. IX, 1858, p.149.Leidy, 
J os.: [Remarks on fossils found n ear Phoonixville, Pa.] In Philadelphia Acad. Nat. Sci., Proc., vol. XI, 
1859, p. no. 

3Ichnology of New England: Boston, 1858, pp.186-187. Supplement to the Ichnology of New Eng
land: Boston, 1865, pp. 39-40, pl. 9. 

4 The writings in which these fossils have been treatecl are noted below: 
[Remarks on extinct vertebrates from the Mesozoic Reel Sandstone of Pennsylvania.] Philadelphia 

Acacl . .Nat. Sci., Proc., vol. XVIII, 1866, pp. 249-250,290. 
Synopsis of the Extinct Batrachia, Reptilia, and Aves of North Carolina. Am. Phil. Soc., Trans., 

vol. XIV, 1871, pp.1-252, pls. 1-14. 
Observations on the Reptilia of the Triassic formations of the Atlantic region of the United States. 

Am. Phil. Soc., Proc., vol. XI, 1871, pp. 444-446. 
Observations on the distribution of certain extinct Vertebrata in North Carolina. Am. Phil. Soc., 

Proc., vol. XII, 1871-'72, pp. 210-216, pls. 1-4. 
Synopsis of the Vertebrata whose remains have been preserved in the formations of North Carolina. 

Report of the Geol. Surv. of North Carolina, vol. I. By W. C. Kerr, Raleigh, 1875. Appendix B, pp. 
29- 52, pl. 5-8. 

Descriptions of extinct Vertebrata from the Permian and Triassic formations of the United States. 
Am. Phil. Soo., Proc., vol. xvn, 1878, pp.182- 196. 

On some Saurians found in the Triassic of Pennsylvania by C. M. Wheatley. Am. Phil. Soc., Proc., 
vol. XVII, 1858, pp. 231-232. 

[Vertebrate fossils of the Triassic beds of Pennsylvania.] In Sketch of the Geology of York 
County, Pennsylvania. By P. ]'razer. In Am. Phil. Soc., Pro"c., vol. XXIII, 1886, pp. 403-404. 

A contribution to the history of the Vertebrata of the ·rrias of North America. In Am. Phil. Soc., 
Proc., vol. XXIV, 1887, pp. 228- 229, pl.l, 2. 

6Notice of New American Dinosauria. In Am. Jour. Sci., 3d ser., vol. XXXVII,l889, pp. 331,332. 
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usually so barren in organic remains, may yield other vertebrate remains 
in the future. Marsh has published a figure of the hind foot of this 
fossil, and states that it is nearly related to the animal whose remains 
were found at Springfield, Massachusetts, and described by Hitchcock1 

under the name of Megadactylus polyzelus. Both fossils are referred to 
the same genus by Marsh. 

In studying the records that have been made from time to time of 
the vertebrate fossils of the Newark rocks, one · is impressed by the 
large number of the genera and species that have been establfshed on 
very fragmentary remains. It seems, at least to one who is not a pale
ontologist, that many changes in their classification must be expected 
when more complete material is in hand. The detached teeth and frag
ments of bone that have been found, however, are important in show
ing that the Newark period had an abundant and varied batrachian 
and reptilian fauna. This fact is also manifest from the numerous foot
prints discovered. 

No bones or other remains of birds have been obtained. This, 
although negative evidence, ~upports in a measure the conclusion 

. reached by various students of the subject, to the effect that the abun
dant footprints discovered in the Connecticut valley, New Jersey, and 
Pennsylvania were made by reptiles. 

The batrachlans and reptiles from the Newark system now known 
from fragments of their skeletons are as follows: 

Name. Localities. 

BATRACHIA. 

Eupelor durur Cope . . • . . • . .. . . . . . . . . .. . .. . . . • .. . • . .. . . .. . . . . Phrenixville, Pa. 
Pa1-iostegus myops Cope . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . North Carolina. 
Dictyocephalus elegans Leidy .. .. .. .. .. .. . . .. . .. . .. . .. . . .. . .. Do. 

REPTILIA. 

Anchisaurus major Marsh................................... Manchester, Conn. 
Belodon piraeus Leidy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Emylsville and Phrenixville, Pa. 
B. caroliniensis Emm........................................ Egypt, N.C., Emylsville, and Phrenix-

ville, Pa. 
B. leaii Emm . . .. . ... .. • .. • .. • .. . .. • .. .... .. . . . . . . .. . .. .... . . ])o. 
B. Zepturus Cope ......................... : ................... Egypt, N.C., and Phoenixville, Pa. 
PaZeosaurus frazerianus Cope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Emylsville, Pa. 
Suchoprion cyphodon Cope................................... Do. 
S. aulacodus Cope .. . . . .. . .. . . . .. .. . .. . .. .. . . . . . . . . . .. . . . . . . . Do. 
Olepsysaurus pennsylvanicus Lea . . . . . . . . . . . . . . . . . . . . . . . . . . . . Phrenixville, Pa. 
0. beatleianus Cope .......................................... Emylsville, Pa. 
Palaeoctonus appalachiamts Cope............................ Do. 
'l'hecodontosaurus gibbidens Cope . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 

FISHES . 

.A monograph by Newberry, on the fossil fishes of the Newark sys
tem, has recently been published, which contains all the information 

I Supplement to the Ichnology of New England. Boston, 1865, pp. 39-40, pl. 9. 
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1 
obtainable on the subject and renders it unnecessary at this time to 
refer to the wor.ks of previous writers in this connection. In the work 
referred to twenty-eight species of fossil fishes are described andre
ferred to seven genera. The works of previous authors, including 
those of Emmons, W. C. Redfield, J. H. Redfield, and others, have been 
revised and a large amount of new material added. This important 
,monograph places our knowledge of the fossil fishes of the Newark 
system on an equality with, if not in advance of, that of any other rock 
1series in this country. 

The fossils described and illustrated by Newberry were obtained from 
Boonton, New Jersey, Durham, Connecticut, and Turner Falls, Massa
chusetts. They occur for the most part in fine grained black shales, 
and are to be looked for anywhere in the Newark system, where rocks 
of this description occur. The localities now known from which fossil 
fishes have been obtained in greater or less abundance in the system 
under review are as follows: Clover Hill and Maniken, Virginia; 
Phoenixville, and Yerkes, Pennsylvania; Boonton, Pompton Furnace, 
Weehawken, Shady Side, Field's copper mine (near Dunellen; this local
ity is in Washington valley, 2 miles northwest of Dunellen, and is 
probably referred to as "Plainfield" by Newberry), ~nd Washington 
Crossing (8 miles above Trenton), New Jersey; Durham, Westfield, 
Middlefield, Glastonbury, Middletown, Berlin, and Southbury, Con
necticut; Amherst, Chicopee Falls, Hadley Falls, Middletown, Sunder
la?-d, Turner Falls, Deerfield, and West Sprtngfield, Massachusetts. 

All of the fossil fishes thus far discovered at these localities are 
Ganoids, and, with one exception, have small rhomboidal scales and 
belong to the order Lepidosteidoo. The exception is Diplurus, described 
by Newberry, which is referred to the order Crossopterygidoo. 

The genera and species now known from these rocks are as follows: 

Fossil fishes of the Newark system. 

Name. Locality. 

Acentrophorus chicopensis Newb .· ................ Massachusetts. 
Oatopterus redjieldi Egt .......................... New Jersey ( 7), Connecticut, Massachusetts ( 1). 
0. anguilli.formis W. C. R. . . . . . . . . . . . . . . . . . . . . . . . New Jersey, Connecticut, Massachusetts ( 1). 
0. gracilis W. C.R ...•........................... New Jersey, Connecticut. 
0. 'minor N ewb ...................... , .. .. .. .. . .. Connecticut. 
0. ornatus Newb ...... .... .. . ... .. . . . .. . . .... . . . Do. 
0. pa1·vulus W. C. R ............................. New Jersey, Connecticut, Massachusetts. 
Dictyopyge macrura Egt . . . . . . . . . . . . . . . . . . . . . . . . Virginia. 
Dipturus longicaudatus N ewb . . . . . . . . . . . . . . . . . . . New Jersey, Connecticut. 
Ischypterus agassizii W. C. R..................... New Jersey, Connecticut, Massachusetts. 
I. alatus Newb .................................. New Jersey. 
I. braunii Newb. ...... • ......... ... . .. ... . .. . . . . Do. 
I. elegans Newb ................................. Do. 
I. fultuB Ag .. .. . .. .. .. .. .. .. . .. . .. . .. .. .. . .. . .. . New Jersey, Connecticut, Massachusetts. 
I. gigasNewb ............................... .. .. New Jersey. 
I. latus J. H. R .. .. • • • • • .. • • • .. .. .. . • . .. . . . .. . .. . New Jersey, Connecticut. 
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Fossil fishes of the Newark system-Continued. 

Name. Locality. 

I.lenticularis Newb ---·· --·· --·· _ -------· ··----- New Jersey. 
I.lineatus Newb ------ -----·. __ .. --·· --·· -- .. --· Do. 
I. rnacropterus W. C. R ·- .. ·. -- .......... --··----· Connecticut. 

I. rnarshii W. C. R .. -· ··---·-·. -··-----. _ -··----- Massachusetts. 
I. rnicropterus N ewb . _ .... _ .. _ ... _ ....... -- .. __ . New Jersey, Connecticut, Massachusetts. 

I.rninutusNewb ........... ---------··--·-··--· Do. 
I.rnodesttts Newb ······-··-··········-··--··--·· NewJersey. 
I. ovatus W. C. R .. _ ........... _ ..... _ ... __ .. ----- New Jersey, Connecticut, Massachusetts. 
I. parvus W. C. R . _____ . __ ... _ ......... __ --.----. New Jersey, Connecticut ( 1), Massachusetts. 
1. robustus Newb. --··. _ .. ·- .. _ -----·· -- .. _ ...... New Jersey. 
I. tenuiceps Ag _ .... __ ........ --- __ - .. __ .. __ . __ .. New Jersey, Connecticut, Massachusetts. 

PtycJ.olepis rnarshii N ewb ..... -.. ----- .. ---...... Connecticut. 

INSECTS. 

The presence of insect life in the Newark period is recorded by the 
larva of a certain insect in considerable numbers in the rocks of the 
Connecticut valley, and by numerous trails and minute footprints on 
the glossy surfaces of certain strata in the same region. The larva re
ferred to has been found at Turner Falls, Massachusetts, and was fig
ured by Hitchcock1 under the name Mormolucoides articulatus. It has 
been more recently described and figured by Scudder,Z who concludes 
that it is probably the larva of a Sialidan neuropteron, and remar.ks 
that it has special interest from the fact that it is the oldest insect larva 
known. 

In ''The Ichnology of New England'' the footprints of insects are in
cluded under one head with those supposed to have been made by crus
taceans and myriapods, but in the "Supplement to the Ichnology of 
New England" they stand by themselves and include twenty-four spe
cies referred to eight genera. Some of these are illustrated by photo
graphs by Hitchcock, and others are shown in a similar manner by 
Deane 3 in his beautifully illustrated work on the footprints of the Con
necticut valley. 

The classification proposed by Hitchcock for these delicate impres
sions is based wholly on the footprints themselves, and would no doubt 
be greatly modified if additional data were obtained. The markings 
are of great value, however, and record faithfully that there was an 
abundance of invertebrate life on the shores where the gigantic rep
tiles of the Newark period made their home. 

1 "The Ichnology of New England," pp. 7-8, pl. 7. 
2The oldest known insect larva, Mormoltwoides articulatus, from the Connecticut river rocks. In 

Boston Soc. Nat. Hist., Mem., vol. m, 1886, pp. 431-438, pl. 45. Republished in the Fossil insects of 
North America. New York, 1890. 410, vol. I, pp. 323-330, pl. 19. 

archnographs from the sandstone of the Connecticut river. Boston, 1861. Pls. 40-41. 
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CRUST .ACE.ANS. 

In the 'fine black- shales and slates, and sometimes in the reddish 
brown shales accompanying the coal seams of the Deep river, Dan 
river, and Richmond areas, are great numbers of small crustaceans, 
belonging to the genera Estherirn and Candonia ( cypridrn ). The same 
fossils occur in abundance in the black shale at Phamixville, Pennsyl
vania, and in the similar rocks beneath ·the Palisades in New Jersey. 
They have recently been found also by Nason 1 at many other localities 
in New Jersey, and are thought by him to belong to certain definite hori
zons, and therefore to be of value in deciphering the structure of the 
system. The occurrence of these fossils throughout a wide range in 
the fine grained strata at the south, has led the present writer to doubt 
their value in determining special horizons, and indicates that they 
may be expected almost anywhere in the system where fine grained 
rocks occur. 

These fossils attracted the attention of the pioneer geologists of the 
Eastern states, and were described in part by Rogers, Lyell, Lea, Em
mons, and ot~ers; but the most systematic and exhaustive study of them 
that bas been made is by J ones.2 In the important monograph by this 
author the descriptions and discussions of previous writers are re
viewed, and the fossils themselves described and illustrated. The sev
eral genera and species proposed by previous writers are shown to be
long to a single species of Estherirn and two species of Cadonia ( ?). 
The classification of these fossils as it now stands is as follows: Esthe
ria ovata Lea (including the Posidflnomya min uta, of Rogers and Lyell; 
Posidonia Lea; P. parva Lea; P. oval is Emm.; P. multicostata Emm.; 
P. triangularis Emm.); Candona ( ?) rogersi, Jones (including the 
Cypris, of Rogers, Leidy and Wheatley, and Bairidia and Cypris, of 
Emmons); Candona ( ~) emmonsii Jones (including the granulated 
species of Cypris, mentioned by Rogers and Wheatley). Full refer
epees to the writings of previous authors on these fossils will be found 
in the monograph just cited. 

Besides the cases of minute crustaceans referred to above, fragments 
of a shell of Limulus and of other crustaceans have been reported_ by 
Wheatley3 from the black shales near Phamixville, Pennsylvania, but 
these remains seem to have been too imperfect to admit of more than 
a provisional classification. 

Among the numerous tracks discovered on the sandstone of the 
Connecticut valley, there are a number which seem to have been made 
by crustaceans, some of them of large size, as was determined by 
Hitchcock. Several · illustrations of these _footprints are given by 

IGeol. Surv. of New Jersey, Ann. Rep. for 1888, pp. 28-30. 
2 A Monograph of the Fossil Estheri::.e. Paleontographical Society, London, 1862. 4to. Pp. 84-89, 

124--126, pl. 2. 
!Remarks on the Mesozoic red sandstone of the Atlantic slope, al'ld notice of the discovery of a 

bone-bed therein at Phrenixville, Pa., in A.m. Jour. Sci., 2d ser., vol. xxxn, p. 43. 
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Hitchcock in his work .on Ichnology. From the meager records left by 
these animals, it is manifest that we must wait for further evidence 
before their place in the zoological series can be assigned. 

MOLLUSKS. 

Molluscan remains are exceedingly rare in the rocks of the Newark 
system. The earliest record· of the supposed occurrence of a shell is 
by E. Hitchcock, jr. The fossil referred to was found in the coarse 
sandstone of Mount Tom, Hampshire county, Massachusetts, and was 
thought by its discoverer to be allied to the Rudistce of Lamarck, but 
the fossil was so imperfect that even its family relations could not be 
assigned with confidence. From the description and the rude figure 
published by Hitchcock, 1 it seems doubtful if the object referred to can 
even be classed among mollusks. Even if it is a shell, as supposeq, its 
imperfect condition and the fact that no other specimens have been 
found, deprive it of nearly all taxonomic value. It was used by Hitch
cock,2 however, as evidence of the post-Triassic age of the rocks in 
which it was found. 

Two species of Astarte, from near Washington, Middlesex county, 
New Jersey, were described as being from the rocks now under dis
cussion, by T . .A. Oonrad,3 but the rocks in which they were found have 
been shown by Whitfield4 to belong to the Raritan clays, which are 
classed by McGee 5 in the Potomac formation. Conrad has also described 
a fossil shell, Solemya triasina,t; from near Perkiomen creek, which 
empties into the Scbyulkill near Valley Forge, Pennsylvania, and still 
another, the Myacites pennsylvanicus,7 from Phmnixville, Pennsylvania. 

Lewis 8 announced in 1884, the discovery of five distinct species of 
lamellibranchs at Phmnixville, Pennsylvania. Two of these are U nios 
somewhat resembling U. calceolus and U. lanceolatus, of Lea; the others 
were marine forms. . In order to complete the record certain doubtful 
references of fossil shells to the Newark rocks may be mentioned. Isaac 
Lea9 found small gasteropod shells in calcareous conglomerate, but those 
were probably in fragments of Silurian limestone contained in the con- . 
glomerate. .Another discovery referred with doubt to this system, was 

1 A new fossil shell in the Connecticut river sands'tone, in Am . .Tour. Sci., vol. xxn, 1856, pp. 239-240. 
2Ichnology of New England, pp. 6-7, pl. 5. 
a Descriptions of and reforences to Miocene shells of the Atlantic slope, and descriptions of two 

supposed Cretaceous species, in Am . .Tour. Conch., vol. IV, 1868, p. 279. 
4 Brachiopoda and Lamellibranchiata of the Raritan clays and greensand marls of New .r ersey; U. 

S. Geol. Surv., Monograph vol. IX, 1886, pp. 22-27. 
s Three formations of the Middle .A.tlantic slope, in .A.m . .Tour. Sci., 3d ser., vol. xxv, 1888, pp.136-137. 
s Descriptions of new fossil Mollusca, principally Cretaceous, in Am. Jour. Conch., vol. v, 1870, p.102. 
NoTE.-From the arrangement of t.his article it would appear that-three other fossils, one of them 

from Haddenfield, N . .r., were also referred to the Newark system, but it does not seem as if this could 
have been Conrad's intentions. I. C.~R. 

7Description of new species of Myacites, in Philadelphia Acad. Nat. Sci., Proc., vol. IX, 1857, p.l66, 
vol. xu, plate. 

s Science, vol. III, p. 295. 
9Phil. Acad. Nat. Sci., Jour. n. s., vol. n, 1853, p. 194. 
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made by W. M. Gabb,1 at Warm Springs, Virginia; we now know that 
the beds at that locality are much older than the Newark. 

The nearly complete absence of molluscan fossils and the total absence 
of sponges, corals, and other life records characteristic of oceanic con
ditions, as well as the discovery of U nios by Lewis is evidence that the 
waters in which the Newark beds were deposited were not in open com
munication with the ocean. 

FOOTPRINTS. 

Footprints in sandstone and shale have been found at a large number 
of localities in the Connecticut valley, New Jersey, and Pennsylvania. 
In the areas south of Pennsylvania no records of this character have yet 
been discovered. The numerous localities in the Connecticut valley in 
which footpr-ints have been obtained are indicated in part on the map 
accompanying Hitchcock's work on Ichnology. In New Jersey these 
fossils have been found at New Vernon, Whitehall, Pompton Furnace, 
and Boonton, Morris county; underneath the Palisades at Weehawken, 
in Washington valley near Plainfield, near Princeton; and at Milford 
and Tumble station on the Delaware. The localities that have yielded 
the most abundantly are Whitehall and Milford. 

In Pennsylvania fossil footprints were found many years ago and 
described by Lea.2 More recently they have been found by Wanner 3 

in considerable numbers, at Goldsboro, York county. Many ofthe foot
prints from New Jersey and Pennsylvania have been examined by C. 
H. Hitch~ock, and found to belong to the species which occur in the 
Connecticut valley. 

The history of the discovery of footprints in the Connecticut valley 
is well known and does not require more than brief mention at this time. 
The chief works on t4e subject are indicated below, 4 and in these refer
ences will be found to earlier publications. 

In Hitchcock's great work on the Ichnology of New England, and in 
the supplement that followed, the footprints of more than one hundred 
distinct species of animals, some of them of gigantic size, were described 
and named. In this investigation the footprints alone were available 
for study, and on them a detailed classification was based. In. this 
classification the footprints are referred to animals ranging from mar
supialoid mammals, through birds, batrachians, lizards, turtles, crus
taceans, myriapods and insects to annelids. There are besides certain 
peculiar markings which are supposed to have been made by fishes. 
In addition to the records of aniinallife, the surfaces bearing the foot
prints are frequently pitted with raindrop impressions, beautifully cor-

lPhil. Acad. Nat. Sci., Jour., vol. IV, 1860, p. 307. 
2Philadelphia Acad. Nat. Sci., Proc., vol. VIII, 1856, p. 8. 
3 Annual Report of the 2d G-eol. Surv. of Pennsylvania, for 1887, Harrisburg, 1889, pp. 31-35. 
4 Hitchcock, E.: Ichnology of New England, Boston, 1858,4to, pp. I-XII, 1-220, pls. 1-60. Supplement 

to the Ichnology of New England, Boston, 1865, pp. I-X, 1-96, pls.1-20. De::tne, J. Ichnographs from 
the sandstone ofthe Connecticut river. Boston 1861, 4to, pp. 1-61, pls. 1-46. 
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rugated with ripple marks, and covered with a network ofintersecting 
shrinkage cracks. 

The majority of the tracks discovered by Hitchcock have three toes, 
and were supposed by him to have been made by birds. This conclu
sion has subsequently been greatly modified owing to the fact that four 
and five toed tracks have been discovered in such relation to the three
toed ones, as to show that the animals that made them were four footed. 
The true ornlthic character of any of the tracks can not be .considere<l 
as proved, and the opinion now prevails among those best qualified to 
judge in such matters, that the greater part of the tracks were made· 
by reptiles and amphibians. 

PLANTS. 

Fossil plants have been found in several of Newark areas, from the 
Connecticut valley southward, but they occur in greatest abundance in 
connection with the coal seams of the Richmond and Deep river areas. 
In the Connecticut valley they have been found sparingly at Turner Falls 
and Sunderland, Massachusetts, and at Durham, Middletown and Port
land, Connecticut. InN ew Jersey they occur in small numbers at New
ark, l\iilford, Boonton, and a few other less important localities. In 
Pennsylvania a few have been found at Phamixville, Guynedd, a,nd 
Goldsboro. In the Richmond area they occur in great abundance at 
Clover Hill, and have been found at Midlothian and Manikin, Deep 
run, etc., where finr. dark slates occur. They have been found also in 
the Farmville area, but no considerable collections have been made 
there. In the Deep river area they are abundant in the fine slates asso
ciated with the coal deposits near Egypt, and were found also by 
Emmons in considerable numbers near Locksville, in a dark slate inti
mately associated with coarse conglomerate. 

In the northern areas the plant remains are largely in sandstone, and 
consist usually of the more durable portions of plants which could with
stand long transportation. At several places in the Connecticut valley 
and New Jersey they consist of stems deprived of their leaves and bark 
and scattered through the sandston~. In such cases it is evident that 
they have been suojected to long transportation, and swept into the 
areas of deposition from neighboring highlands. In the south, however, 
the conditions in the majority of instances were different, the plants 
were preserved where they grew, and even the most delicate fronds 
were faithfully preserved. In some of the sandstone areas the silicified 
trunks of trees are preserved in considerable numbers. One of the 
most important localities is at Germantown, at the southern end of the 
Dan river area. Similar silicified trunks have also been found at Man
assas, Virginia, and in Massachusetts. 

Obscure vegetable remains from the Connecticut valley were described 
principally by Hitchcock, but were too imperfect to be of much value. 
The plants of the Richmond coal field attraoted the attention of Rogers 

u. 
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and of Lyell, while those of North Carolina were described and illus
trated by Emmons. 

A few plants from the Richmond coal :field found their way to Europe 
and were described in the classic works of Schimper and Brongniart. 
Recent studies of these fossils, however, have carried our knowledge of 
them far beyond the early attempts, and in the monographs of Fon
taine1 and Newberry 2 is contained our present knowledge of this flora. 

In Fontaine's monograph descriptions and figures are given of forty
two species of fossil plants from the Richmond coal field, and it is sup
plemented by descriptions of about the same number from North Caro
lina by Emmons. ·The contributions to this flora from the localities 
mentioned inN ew Jersey and the Connecticut valley are few in number 
and consist principally of the leaves of cycads. The plants thus far 
found include conifers, cycads, equiseta, and ferns, besides a few species 
the relations of which haYe not been definitely determined. The most 
characteristic and at the same time the most abundant is a magnificent 
broad-leafed fern, referred to the genus Jltiacrotccniopterus. The ap
pearance of this beautiful plant as it grew beside the still waters of 
the ancient swamps of Virginia, is shown in Plate VUI. This restora
tion has the approval of Fontaine, and may help to render more real 
the usual fragmentary records from which our knowledge of this ancient 
flora is derived. The luxuriant subtropical vegetation of the lowlands 
of Virginia during the Newark period has its nearest analogue to-day 
in the silent fern forests of New Zealand. In Virginia the ground 
must have been thickly covered with lowly ferns, above which rose 
the graceful bending equiseta and those ferns which had broad, palm
like fronds. On the drier ground grew the stiff-leafed cycads with 
their immense cones. The uplands must have been clothed with a dark 
forest of pine resembling the beautiful Auracaia now growing in certain 
of the South Sea islands. This beautiful flora, which to us seems so 
strange, probably covered all the region adjacent to the basin in which 
the Newark rocks were being deposited. In the swamps of the South 
where the conditions were most favorable for its preservation abundant 
records we!e preserved, but in the North only o~casional fronds and 
water-worn trunks were de:posited in the accumulating sands. 

The plants now known from the Newark system are indicated in the · 
following list. In making this catalogue the works of Fontaine and 
Newberry have been followed, but Fontaine's monograph has recently 
been reviewed by Stur, 3 and many of the plants described in it identi
fied with those of the Lettenkohlen of Germany. Should these identi
fications prove correct many of the names given in the list will have to 
be changed. · 

1 U.S. Geol. Surv., Monograph vol. 6, 1883. 
2U. S. Geol. Surv., Monograph vol.14, 1888. 
3 Die Lunzer-(Lettenkohlen-) Flora in den "older Mesozoic beds of the Coal Fields of Eastern ·vir

ginia." In Verhandlungen der K. K. geologischen Reichsanstalt, No. 10, 1888, pp. 203-217. 
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Plants from the Newark Systern. 

Name. Locality. 

CONIFERJE. 

Araucarites carolinensis. North Carolina. 
Baiera multifida . . . . . . . . . Connecticut valley, 

North Carolina, Vir
ginia. 

B. miinsteriana.......... Connecticut valley, 
North Carolina. 

Pachyphyllum brevifo- Connecticut valley, 
lium. New Jersey. 

P. miinsteri. ............. Connecticut 
New Jersey, 

valley, 
Vir-

ginia. 
P. peregrinum ........... North Carolina. 
P. simile ................. Connecticut 

New Jersey. 
Palissya -- .......... New Jersey. 
Palissya -- . . . . . . . . • . North Carolina. 
P. carolinensis . . . . . . . . . . . Do. 
P. di:tfusa . . . . . . . . . . . . . . . . Do. 

ZAMIEJE AND CYCADEJE. 

valley; 

Ctenophyllum braunia- North Carolina, Vir-
nuru, var. a. ginia. 

C. braunianum, var.B ... North Carolina. 
C. emmonsi . . . . . . . . . . . . . . Do. 
C. giganteum............ Virginia. 
C. grandifolium.......... Do. 
C. lineare . . . . . . . . . . . . . . . . North Carolina. 
C. robustum . .. .. .. .. .. .. Do. 
C. taxinum . . . . . . . . . . . . . . Do. 
C. truncatum . .. .. .. .. .. . Virginia. 
Cycadites acutus . . . . . . . . North Carolina. 
C.longifolius . . . . . . . . . . . . Do. 
C. tenuinervis . . . . . . . . . . . Virginia. 
Cycadinocarpus chapini. Connecticut valley. 
Dioonites longifolius . . . . North Carolina, New 

Jersey. 
Otozamites brevifolius . . Connecticut valley. 
0. carolinensis . . . . . . . . . . . North Carolina. 
0. latior. . . . . . . . . . . . . . . . . . Connecticut valley. 
Podozamites emmonsi . . . North Carolina, Vir-

ginia. 
P. tenuistriatus ....... : . Virginia. 
Pterophyllum, affine .... . 
P. decussatum ........... North Carolina, Vir-

ginia. 
P. inrnquale . . .. . .. . . . .. . Virginia. 
P. pectinatum ............ North Carolina. 
P. spatulaturu............ Do. 
Sphenozamites rogersi- North Carolina, Vir-

anus. ginia. 
Zamiostrobus virginien- Virginia. 

sis. 
Z.emmonsi .............. North Carolina. 

Name. Locality. 

EQUISETEJE. 

Calamites arenaceus ..... Virginia. 
Equisetum arundini- Do. 

forme. 
E. meriani..... . . . . . . . . . . Connecticut valley. 
E. rogersi . . . • . . . . . . . . . . . North Carolina, New 

Jersey, Virginia. 
Schizoneura planicostata. Connecticut valley, 

New Jersey, Vir
ginia. 

Schizoneura, sp.1........ Virginia. 
S. virginiensis . . . . . . . . . . . Do. 

FILICES. 

Acrostichides densifo· Virginia. 
lius. 

A. rngyptiacus . . . . . . . . . . . North Carolina. 
.A.. linnrnrnfolius . . . . . . . . . North Carolina, Vir

ginia. 
A. ruicrophyllus . . . . . . . . . Virginia. 
A. rhombifolius .......... North Carolina, Vir-

ginia. 
A. rhombifolius, v a r. Virginia. 

rarinervis. 
Actinopteris quadrifoli- North Carolina. 

ata. 
Asterocarpus penticar- Virginia. 

pas. 
A. platyrachis . . . . . . . . . . . North Carolina, Vir· 

ginia. 
A. virginiensis . . . . . . . . . . Virginia. 
A. virginiensis, var. ob- Do. 

tusiloba. 
Asplenites rosserti . . . . . . North Carolina, 
Cladophlebis auriculata .. North Carolina, Vir-

ginia. 
C. microphylla........... Virginia. 
C. obtusiloba ............. North Carolina. 
C. ovata.................. Virginia. 
U.. pseudo-whitbiensis . . . Do. 
C. rotundiloba . . . . . . . . . . . Do. 
C. subfalcata............. Do. 
C. platyphylla . . . . . . . . . . . Connecticut valley, 

New Jersey, Vir 
ginia. 

C. platyphylla, var. ex- Virginia. 
pans a. 

Dicranopteris, sp 1....... Do. 
Lacopteris emmonsi . . . . . North Carolina. 
L. carolinensis . . . . . . . . . . Do. 
L. elegans...... . .. . .. .. .. Do. 
Lonchopteris oblongus . . Do. 
L. virginiensis . . . . . . . . . . Virginia. 
Macrotrnniopteris eras- Do. 

sinervis. 
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Plants j1·orn the Newark System-Continued. 

Name. Locality. Name. Locality. 

FILICES-continued. FlLICES- continued. 

:M. magnifolia ........... . North Carolina, Vir- P. reticulata ...... . . . .... North Carolina, Vh·· 
ginia. ginia. 

:Mertensides bullatus .... North Carolina, Vir- Sagenopteris rhoifolia ... North Carolina, Vir-
gi:hia. ginia. 

:M. dis tans ............... Virginia. PLANTS OF UNDETERMINED 
Pecopteris rarinervis .... North Carolina, Vir- RELATIONS. 

ginia. Dendrophycus triassicus Connecticut valley. 
Psuedodanreopteris ner- North Carolina, Vir- I". simplex ............... Connecticut valley, 

vosa. ginia. Virginia. 

Besides the plants catalogued above, a few minor discoveries may be 
noted: Isaac Lea 1 has recorded the discovery of a single plant resem
bling Noeggerathia cuneifolia Brog., near Phamixville, Pennsylvania. 
A fucoid named Palmophycus limacijormis Lew., was found by Lewis,2 

at Milford, New Jersey. A stem with markings similar to those of Lep
idodendron was found at Belleville, New Jersey.3 

1 Phil. A.cad. Nat. Sci., Proc., vol. VIII, 1856, p. 78. 
2 Phil. A.cad. Nat. Sci., Proc., vol. xxxn, 1880, p. 293. 
SGeol. ofN. J., Ann. Rep. for 1879, pp. 26-27. 
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ASSOCIATED IGNEOUS ROCKS. 

Intimately associated with the sedimentary strata of the Newark 
system in nearly all its various areas, are dikes and sheets of igneous 
rock. The outcrops of these rocks are everywhere remarkably uniform 
in general appearance, and have but little variety in their mineralog
ical and chemical composition. They are classed as basalt and dole
rite by petrographers, but have all been known as "trap rocks," a term 
sufficiently accurate for general use and which win· be retained in this 
paper. 

In the various Newark areas trap rock appears in two ways, either 
as dikes breaking across the sedimentary strata, or as sheets more or 
less uniformly interbedded with them. The sheets are either extrusive, 
and were spread out as overflows of lava before the accumulation of 
the sedimentary strata was completed, and subsequently buried beneath 
the shales and sandstones of later date; or intrusive, and forced in 
between the strata after their consolidation. 

The trap rocks are not confined to the Newark arAas, but, in the form 
of dikes, occur throughout nearly the entire Atlantic coast plain and in 
the adjacent Appalachians. The evidence showing that the trap dikes 
in the crystalline and Paleozoic rocks surrounding the Newark areas 
are a part of the same great system of dikes and sheets occurring within 
those areas, will be stated in describing their geographical distribution. 
The age of the trap rocks and their importance in a general study of 
the Atlantic coast region, will be considered in the summary at the end 
of this chapter. 

MINERALOGICAL COMPOSITION. 

As one sees the traps in the field, they are dense, heavy rocks, hav
ing a dull, nearly black color when somewhat weathered, but frequently 
appear bluish or greenish on fresh surfaces. They appear under two 
general aspects, compact and vesicular. The former occurs in dikes 
and sheets, and is frequently columnar, while the latter occurs almost 
entirely in sheets. The vesicular trap has frequently been changed to 
an amygdaloid by the filling of its cavities with a secondary mineral. 

Determinations of specific gravity and mineralogical analyses of trap 
rock from various localities, from Nova Scotia to the Carolinas, have 
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shown that they are remarkably similar throughout their entire extent.1 

Their essential elements in an unweathered condition, as shown by E . S. 
Dana, are pyroxene, labradorite, and magnetite, with occasionally some 
chrysolite and apatite; cbloriteisoftenpresent as a result oflocal change. 

It has been shown by Hawes that the feldspar element is not a single 
feldspar, but labradorite and anothermineralhavingtheratioof andesine. 

The iron, in places at least, is uncombined, as has been shown by Van 
Dyck, and elsewhere appears as magnetite and titanic iron. Among 
the minerals resulting from secondary alteration are a great variety of 
zeolites, calcites, etc. 

As determined by Iddings,Z the trap rocks are generally bolocrystal
line, and formed of lath-shaped basie feldspar, irregular grains and 
crystals of augite, grains of iron oxide, together with considerable green 
serpentine or chlorite, which is disseminated tbrough the mass and is 
evidently the alteration product of a fourth primary constituent. Speci
mens collected at Orange, New Jersey, where the trap occurs in large, 
well defined columns, when examined in thin sections, however, were 
found not to be bolocrysta.Uine, but to contain a variable amount of 
glass base. The large serpentine blotches contain olivine iu their 
centers, the primary mineral from which the serpentine is formed. 
This rock is in every way identical with many medium grained basalts 
which have been poured out at the surface in recent times, and should 
be called basalt. The coarser grained varieties are dolerite, as deter
mined by E. S. Dana. The presence of hornblende as an essential con
stituent in the trap near Gettysburg, Pennsylvania, has been reported 
by Frazer.3 

It has been shown by several petrographers that when the rock is 
somewhat altered, either during its extrusion, through the action of 
heated solutions, or by weathering after ~xposure at the surface, that 
hydration has taken place and various secondary minerals formed. 
When the trap rocks are more thoroughly decomposed, they form a 
tenaceous residual clay, usually yellowish or mottled in color, and 
showing no resemblance to the rock from which it was derived. In 
the unglaciated portions of the Newark belt the trap rocks are fre
quently completely decomposed to a depth of from twenty to fifty feet. 
Owing to their greater solubility than the.adjaceut sandstone and shales, 

I Dana, J.D. [Density and composition of Newark Dolerites] : .Am. Jour. Sbi. , 3d ser., vol. VI , 1873, 
pp.106-107. Dana, E. S.: Trap rocks of the Connecticut valley. .Am . .Ass . .Adv. Sci. , Proc., vol. XXIII, 

1874, pp. 45-47. VanDyck [Native iron in the trap rocks of N ew J ersey]: Geol. Surv. of New Jer
sey, .Ann. Rept. for 1874, p. 57. Frazer , P.: On the traps of the Mesozoic sandstone in York an!l 
Adams counties, Pennsylvania. .A.m. Phil. Soc., Proc., vol. xrv, 1875, pp. 402-414, 431 ; Pls. 1-4. .Al:>o, 
Second Geol. Surv. of Pennsylvania, vol. c, 1876, pp. 124.-129; pls. 2. 3. Frazer, P.: .A. Study of the I!!ne
ous Rocks. .A.m. lust. Mining Eng., Tr~ns. , vol. v , 1877, p. 146. On the physical aUtl chemical char
acteristics of the trap occurriug at Williams Point (Lancaster County, Pennsylvania). .Am. Phil. Soc., 
Proc., vol. XVIII, 1880, pp. 96-103, and plate. Hawe,.;, G. Yv.: On tlw mineralogical composition of tho 
normal Mesozoic diabase upon the ..Atlantic border. U.S. Natl. Mus. , Proc., vol. IV, 1881, pp. 129-134. 
·Marsters, V. F . : Triassic traps of Nova Scotia. In Americ~m Geologist, vol. v, 1890, pp. 144-145. 

2 The Columnar structure in the Igneous Rocks of Orange Mountain, N.J.; Am. Jour. Sci., 3d ser., 
vol. XXXI, pp. 321-331, Pl. 9. 

3Am, Phil. Soc., Proc., vol. XIV, 1875. p. 43 . 
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they frequently give origin to depressions in the topography of the 
region they traverse: 1 In the glaciated region the outcropping edges of 
trap sheets usually stand in bold relief. The difference in their appear
ance in glaciated and unglaciated regions is due to the fact that while 
more resistant than the associated strata to mechanical erosion, they 
are usually much more susceptible to chemical changes. 

CHEMICAL COMPOSITION. 

Numerous analyses of the trap rocks have been made, principally 
from Connecticut valley, New Jersey, and Pennsylvania. It is not 
necessary to assemble these analyses here, as they may be found from 
the following references; but, in order to show the general composition 
of the rock, the average composition of eight samples of unaltered 
dolerite from New Jersey and the Connecticut valley, analyzed by 
G. W. Hawes, is inserted. 

Avemge co-mposition of ttnaltered dolm·ite. 2 

Per cent. 

Silica(SiOz) ------·········-···-·········-·------······- 52·50 
Alumina (Alz03) ----·· --···· ---·-- --·- .... -·-- ---- ...... 14·15 
Ferrous oxide (FeO). - .. - ...... -- .. -... . . . . . . . . . . . . . . . . . . 9·24 
Ferric oxide (Fez03) ..... --·- --·· .......... ---··· ........ 1·96 
Manganous oxide (MnO) ................................ 0·45 
Lime (CaO) ......................................... ---- 10·03 
Magnesia (MgO) ............... . ........................ 7·48 
Chromic oxide (Cr203) .. - ............................... . 
Boda (N a20) .......... -... -. - ... -... -... ---- --- .. -.... -. 2·30 
Potash (K20) -- ..... - .. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·69 
Phosphoric acid (PzOs)...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·14 
Titanic acid (TiOz) ..................................... . 
Water (by ignition, (HzO) .............................. 0·92 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99·86 

!Bull. U.S. Geol. Surv., No. 52, pp. 15-18. 
2 Analyses of Newark trap rocks may be found as follows: 
Cook, G. H.: [Name of analyst not given]. Aua.lyses of trap from many localities iu New Jersey; 

Geol. ofN. J., 1868, pp. 215-218. 
Tyson, S. T.: Analysis of West Rock, Conn. Am. Jour. Sci., 3d ser., vol. VI, 1873, p. 107. 
Allen, 0. D.: Partial analysis of trap from near lake Saltonstall, Conn. Am. Jour. Sci., 3d ser., vol. 

VI, 1873, p. 107. 
Mixter, W. G.: Analysis of traps from the ;palisades, N.J. Am. Jour. Sci., 3d ser., vol. VI, 1873, p.106. 
Hawes, G. W.: Analyses of trap from West Rock, Wintergreen lake, lake Saltonstall, South Dur· 

ham mountain, Conn.; Mt. Holyoke, Mass., and Jersey City, N. J. Am. Jour. Sci., 3d ser., vol. IX. 

1875, pp. 1.85-192, 454-457. 
Frazer, P.: Discussion of the analyses of trap rock from \Vest Rock, Conn., and from near York, Pa. 

Second Geol. Surv. of Pa., vol. c, pp.l18-124. 
Genth, jr., F. A.: Analyses of trap rocks from Pennsylvania. In Second Geol. Surv. of Pa., vol. C 6, 

1881, pp. 94-99, 134. Analyses of trap from Gulf Mills, Pa. Am. Phil. Soc., Proc., vol. xxn, 1885, p . 
454. Analysis of trap from Cornwall iron ~ines, Pa. Ann. Rep. 2d. Geol. Surv. Pa., for 1885, pp. 
498-499. Analyses of trap from \Villiams Point, Lancaster county, Pa. .Am. Phil. Soc., Proc., vol. 
XVIII, 1880, p. 96. 

Genth, F. A.: Analysis of trap from near. York, Pa. Second Geol. Surv. of Pa., vol. c, 1876, pp, 
122-124. Analyses of minerals aml rocks from Bucks, Montgomery, and Philadelphia counties, Pa. 
Second Geol. Surv. of Pa., vol. c 6, 1881, pp. 94- 99, 134. 

Chatanl, T. M.: Analyses of decomposed trap from North Carolina. Bull. U.S. Geol. Surv., No. 52, 
1889, p.18. 
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CHARACTERISTICS OF TRAP DIKES. 

The general trend of the dikes throughout the Newark system and 
in the surrounding areas is northeast and southwest. Those in the 
crystalline rocks, as a rule, are narrower than those penetrating sedi
mentary strata. Where dikes occur in the Newark system a hardening 
and alteration in color of the adjacent sedimentary beds is noticeable. 
This change seems to be due directly to a baking of the strata; but in 
some sandstones, especially at the south, it appears to have resulted 
from the deposition of mineral matter by heated solution. Observa
tions on the change in color and texture in the strata adjacent to trap 
dikes and sheets have been summarized by W. M. Davis, 1 who has 
shown that such alterations are confined to the immediate vicinity of 
the intrusion. The alterations in color consist frequently in the dark
ening of the rocks. A reddening is not common, and the fallacy of 
supposing that the general reddish color of the Newark rocks is due to 
an alteration in the iron they contain, by the heat of the intruded rocks, 
is clearly proved. 

The observations of the present writer have shown that one of the 
most common changes in the color of the sandstones and shales adjacent 
to the trap dikes in Virginia and the Carolinas is an alteration to a 
deep purple color, which fades out into the normal brownish red tint of 
the Newark rocks at a distance, usually, of two or three feet. Many 
times the presence of a dike which is deeply decomposed and does not 
appear at the surface is indicated by two parallel bands of clark purple 
shale _which define its boundaries. The hardened walls adjacent to the 
dikes resist weathering more effectually than the dikes themselves, and 
frequently stand in relief when the dike itself is depressed several feet 
below the g~neral surface. 

In some cases the dikes have a columnar structure at right angles to 
their walls, indicating the manner in which they were cooled and cry~ . 

tallizecl. In many instances the borders of the dikes show a fine, 
cryptocrystalline structure, while the central portion, owing to their 
cooling more slowly, is coarsely crystalline. 

In the deeply decomposed dikes at the south a concentric structure 
is frequently developed by the decomposition. Rounded bowlders, 
resulting from disintegration, frequently occur scattered through yel
lowish clay in dikes that are partially decomposed; but when the alter
ation is more complete, the characteristics of the origina~ rock entirely 
disappears and yellowish clay alone remains. 

CHARACTERIS'l'ICS OF TRAP SHEE'l'S. 

The trap sheets interstratified with the sedimentary beds of theN ew
ark system are of two classes, as has been shown especiJJly by W. M. 

1 On the relation of the Triassio traps and sandstones of the eastern United States. In Mus. Comp. 
Zool., Harv. Coll. Bull., vol. VII , 1883, pp. 300-302. 
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Davis: First, contemporaneous shePts, or those formed by the surface 
eruption of igneous rocks and subsequently buried beneath sedimentary 
beds; second, intruded sheets or those forced in between the sedimen
tary strata subsequent to their consolidation. 

The contemporaneous sheets are conformable with the stratified beds 
both above and below·, while the intruded sheets, although conformable 
over large areas, in many instances break across the strata, forming 
dikes which connect the sheets at various horizons . . The contempora
neous sheets have altered the sedimentary beds on which they rest, and 
are scoriaceous at their upper surfaces. The strata re~ting upon them 
are unaltered, aud may contain fragments of the underlying trap or ex
truded scoria, volcanic tuff, and the finer products of eruption known 
as volcanic ash. 

The intruded sheets have metamorphosed strata both above and be
low, and, cooling under pressure, are more compact throughout than 
the extruded sheets. They cooled most rapidly at their surface, and 
hence are compact and cryptocrystalline above and below, while their 
central portions are mmally coarsely crystalline. 

These characteristics ·have been discussed by Davis, in connection 
with the study of the trap sheets of the Connecticut valley, and have 
been applied by Darton 1 in the investigation of the trap sheets of New 
Jersey. 

GEOGRAPHICAL DISTRIBUTION. 

TRAP DIKES OUTSIDE 'l'IIE NEWARK AREAS. 

The great extent of the series of dikes intersecting the Newark areas 
and their extension into the surrounding areas of crystalline and pa
leozoic rocks have already been referred to; but it is only within the 
Newark areas themselves that the distribution of the traps has been 
approximately determined. Numerous dikes have l>eeu described and 
mapped in Newfoundland, Nova Scotia, New Brunswick, Maine, Ver
mont, New Hampshire, and eastern Massachusetts, some of which, it 
seems probable from the descriptions given, belong to the series which 
traverse· the Newark system, but much study is required before this 
connection can be determined with certainty. 

It has been stated by Hobbs 2 that certain diorite dikes Hear Boston 
have generally been considered as post-Newark in age, on account of 
their lithological resemblance to the diabases of the Connecticut valley. 

On the geological map of Connecticut published by J. G. Percival in 
1842, several narrow trap dikes, somewhat disconnected, are indicated 
as traversing the crystalline region outside theN ewark area. 

The work of the Second Geological Survey of Pennsylvania has shown 
the presence of several such dikes in crystalline and Paleozoic regions 

tOn the relations of the trap:; of the Newark system in the New J ersey region. U. S. Geol. Survey, 
Bull. No. 67. 
~on the petrographical characters of the dike of diabase in the Boston l>asin. In .Mas. Comp. Zool., 

llarv. Coll. Bull., vol. XVI, 1888, p. 1. 
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of the eastern part of that State. One of the dikes starting just west 
of the border of the Newark area, near Holly Springs~ Cumberland 
county, Pennsylvania, run~ north with some ~·eaks and irregularities, 
across Perry county and into Dauphin county, a distance of about 35 
miles. Other dikes traversing Paleozoic and crystalline rocks occur in 
Lancaster county, a little south of the Newark area. 

The most remarkable dike ip. this region, however, begins at the north, 
in Bucks county, and runs in a general southwesterly direction across 
Pennsylvania and into Maryland for a distance of 90 miles. This dike 
has been described and mapped by Lewis.1 lts northern end is in the 
Newark system, but throughout the greater part of its course it trav
erses Silurian and crystalline strata. 

Southwest of the southern end of the dike described by Lewis, and 
possibly a continuation of it, is another dike, more or less broken, the 
course of which has been traced by S. H. Williams for about 30 miles. 
This dike, as I have been informed by Williams, is later than any of the 
associated igneous rocks in the region, and was intruded after the crys
talline rocks had their present attitude. Lithologically it is uudis
tinguishable from the characteristic trap rocks of the Newark system. 
Williams has also traced the course of another dike beginning in tlw 
Newark area of Maryland, near the Pennsylvania boundary, and run
ning southward to the Potomac. This dike leaves the Newark rocks 
about 10 miles north of Frederick, and for the remainder of its course 
traverses the crystalline area. 

In Virginia, west of the southern end of theN ew York-Virginia area, 
there are trap dikes of the same character as those mentioned above, 
which trend a little west of north and cut across the folds of the Appa
lachians. Again, in the western part of Virginia, on the west side of 
the great Appalachian valley, several small trap dikes have recently 
been observed by Darton; specimens from these, examined by Diller, 
are found in all cases to be closely similar to, aud in one instance iden
tical with, those of the Newark system. 

Farther north in Virginia and the Carolinas trap dikes outside of the 
Newark areas are of common occurrence but have not been mapped, and 
little is definitely known concerning their distribution. In South Car
olina the same great system continues southward far beyond the last 
remnants of the sedimentary beds of the Newark, but still retaining all 
the geological and lithological ch!lracters that distinguish it in the north. 
The dikes of South Carolina were recognized by Tuomey 2 in his admir
able report of 1848, and their relation to the series of similar dikes far
ther north fully understood. The author cited states that he traced 
the dikes referred to through Georgia, and as far as the Uoosa river in 
Alabama, and also that the direction of the dikes jn South Carolina is 
exceedingly uniform, varyi.ng between 15 and 35 degrees east of north, 

I A great trap dike across southeastern Pennsylvania. In Am. Phil. Soc. Proc., vol. xxu, 1885, pp. 438-
456 and map. 

2 Report Geology of South Caroliua, Columbia, S. C., 1848, 4to., pp. 65-68. 
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and that they are but slightly inclined from the vertical. My opportun
ities for observation in South Carolina, although limited, are sufficient 
to indicate that Ttiome.-,'s conclusions seem in every way correct. The 
reports of the State geologists of Georgia and .Alabama contain brief 
accounts of trap dikes which are supposed to belong to the series under 
review. Such observations as have been made in-this region show that 
the dikes are abundant, and probably mu()h more numerous than in the 
northern part of the Atlantic coast plain. Their southern limit is un
known for the reason that, in common with the crystalline rocks they 
traverse, they disappear beneath the Cretaceous and Tertiary strata, 
wrapping around the southern end of the Appalachian mountains. 

This hasty sketch of the extent of the trap dikes outside of the New
ark system will serve to show their importance in the geology of the 
Atlantic slope and suggest future lines of investigation. The length 
of the series of dikes as now known is about 1,000 miles, and its width, 
although its eastern border is concealed by more recent geological de
posits, and by the ocean, is not less than 200 miles. 

TRAP RO CKS OF TH E A CADIAN ARE A. 

The trap rocks belonging to the Newark system in Nova Scotia fo:tm 
a bold mountain ridge extending along the eastern sho_ <3 of the bay of 
Fundy from Blomidon southward to Brier island, and also many bold 
headlands and picturesque islands in and about the basin of Minas and 
the waters connecting with it. These rocks have been studied by J. 
W. Dawson, especially, and it is to his well known work on Acadian 
geology that we owe the greater part of our information concerning 
them. The trappean mass bordering the bay of Fundy on the east is 
vesicular below and compact and basaltic above. It is considm:ed by 
Dawson and Marsters 1 to have been poured out as a subaqueous lava 
flow. In a general way, at least, it is conformable with the sandstones 
and shales on which it rests, and dips westward beneath the waters of 
the bay of Fundy at an angle of about 15 degrees. Its relation to 
higher stratified beds is not known, as no upper contacts have been 
seen. The vesicular character of the lower part of the sheet and its 
marked contrast with the compact basalt forming the upper portion 
suggests the possibility that they are in reality two separate sheets, 
the lower one being a contemporaneous overflow, and the upper and 
intruded sheet of later date. 

Many of the isolated trap masses in the Minas basin and elsewhere 
rest on sedimentary Newark beds, and are probably remnants of an 
extensive lava sheet. The structure in this region is imperfectly under
stood, and the possible presence of faults not fully investigated. 

On the west side of the bay of Fundy, at the island of Grand Manan, 
trap rock again appears, which has been referred with more or less 
doubt to the Newark system.2 

• 1 Triassic traps of Nova Scotia, Am. Geol., 1890, pp. 140- 145. 
2 Geol. Surv. of Canada, atlas sheet, No. 1, S. W., note 7. 
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TRAP ROCKS 01<' THE CONNECTICUT VALLEY. 

The trap rocks of this area have received greater attention than those 
of any other similar area, but diversity of opinion still exists as to the 
method of their occurrence. The history of the geological study of 
this area has been summarized by Davis 1 and need not be repeated 
here. 

On the accompanying map (Pl. III) the outlines of the trap out. 
crops are shown as accurately as the scale of the illustration will allow. 
Those in Connecticut are from Percival's map, with some revisions by 
Davis, and those in Massachusetts are from a manuscript map kindly 
furnished by B. K. Emerson. .All of the outcrops indicated are edges 
of trap sheets more or le&s conformable with the associated stratified 
rocks. Trap dikes are seldom seen and are too small to appear on the 
maps. 

Davis's studies have shown that by far the larger _part of the trap 
sheets were formed by overflows of volcanic rock during the deposition 
of the Newark strata. The trap sheet in the extreme northern part of 
the Newark area, near Turner's Falls, Massachusetts, is of this nature, 
and so also is the great trap sheet following Mount Holyoke and Mount 
Tom and extending southward as far as Meriden, Connecticut. The 
conclusion that this trap sheet was extruded at the surface and subse
quently buried was advanced by Hitchcock during his survey of Mas
sachusetts, and has since been sustained by Davis and Emerson. 

Numerous trap ridges in the eastern part of the Newark area in Con
necticut have also been shown by Davis to be extruded sheets, while 
the intruded sheets are confined to the western border of the area south 
of Massachusetts. This series begins at the south, at East Rock; a 
conspicuous bluff North of New Haven appears also in West Rock and 
forms the long brqken ridge running northward. The same series of 
intruded sheets appears to outcrop again in the Barndoor hills of 
Granby, on the northern border of the state . 

.All of the trap sheets of Connecticut were considered as of intrusive 
origin by Percival, and his conclusion seems to have been accepted by 
all subsequent writers until Davis's study showed that there were 
strong reasons for believing that some of the sheets were extrusive and 
not intrusive. This opinion, although sustained by a large mass of the 
evidence, is not accepted by all students of the subject, and more de· 
tailed work evidently remains to be done before a final and generally 
accepted conclusion will have been reached. The trap sheet at Tariff'. 
ville, Connecticut, has been shown by Rice 2 to be of extrusive origin. 

I On the relation of the Triassic traps and sandstones of the eastern United States. In Mus. Comp. 
Zool., Ha.rv. Col., Bull. vol. vn, 1883, pp. 279-281. 

The structure of the Triassic formation of the Connecticut valley, in Seventh Ann. Rep. U.S. Geol. 
Surv., 1885-86, pp. 455-490, Pl. 52. 

The lost volcanoes of Connecticut. Pop. Sci. Mo., vol. XL, 1891, pp. 221-235. 
20n the trap and sandstone in the gorge of the Farmington river, at Tariffville1 Conn. In Am. 

Jour. Sci., 3d ser., vol. xxxn, 1886, pp. 430-433. 
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In a review of Davis's conclusions, Dana 1 refers to the uniformity in 
the character of the Connecticut valley as indicating a common mode of 
formation. The vesicular texture of the upper surfaces of some of tlle 
trap sheets is referred to an escape of vapor, but is not considered 
as necessarily showing that the lavas were extruded at the surface. 

In a recent paper on some of the trap ridges of southeastern Con
necticut, by Hovey,Z the conclusion is reached that all of the trap 
rocks in that portion of the state-considered by Davis as extrusive
are intrusive. 

TRAP ROCKS OT!' THE NEW YORK-"VIRGINIA AREA. 

In the central and northern part of this area, as in the Connecticut 
valley, trap rocks are abundant, and appear principally as sheets, con
formable more or less thoroughly with the bedding of the associated 
stratified rocks. In the southern part of the area, in Maryland and 
Virginia, trap sheets are much less abundant than farther north, but 
dikes increase in number. This change accompanies a decrease to
ward the south in the thickness of the system as it now remains, and 
favors the conclusion, that when the Newark rocks are deeply eroded, 
trap sheets disappear and trap dikes take their place. 

In New Jersey the outcropping edges of the trap sheets form bold · 
ridges, trending in a general way, north and south and facing eastward. 
Their westerly slopes conform to the dip of the associated shales and 
sandstones, and are inclined westward at angles of about 15 degrees. 

The studies of Davis, and later of Darton,3 have shown that the 
trap sheets of New Jersey are of two classes, intrusive and extrusive. 
The intrusive sheets comprise the Palisade, and what is probably its 
southern extension, known as Ten J\'lile run, Rocky hill, Pennington · 
mountain, etc., a few miles north of Trenton, and other associated ridges 
in the sameregion.4 The sheets forming the Watchung mountains are 
extrusive and are high up in the stratified beds unless a fault along the 
base of the most easterly of these ridges, believed to exitlt by Darton, 
can be proved. If such a fault does exist, and the basal conglomerate 

JAm . .Jour. Sci., 3c1 ser., vol. xxv, pp. 474-475. The origin of the trap rocks near New Haven, 
Conn., has been critically discussed by .J.D. Dana, since this paper was written on some of tho fen,tures 
of nonvolcanic igneous ej ections, or illustratocl in the four" rocks" of the Now Haven region, West 
Rock, Pine Rock, Mill Rock, and East Rock in Am . .Jour. Sci., 3clller., vol. xur, 1891, pp. 79-110, })l. 
2-7, and "on Pcrcivn,l's map of the .Jura-Trias trap !Jelts of central Connecticut, with observations on 
the UJ?turning, or moun tain -making distur!Janco of tile formatirm, " in Am. Jour. Sci., 3d ser., vol. 
xLn, 1891, pp. 439-447, l>L Hi. Proofs that the Holyoke and Deerfield trap sheets which are contempo
raneous flows bas been given Ben. K. Emerson in Am. Jour. Sci., 3d ser., voL XLIII, 1892, pp. 146-148. 

2Am. Jour. Sci., 3d ser., voL XXXVIII pp. 361-283, and map. 
au. S. Geol. Sur. Bull. 67. 
4As stated by Darton, Am . .Jour. Sci., 3d ser., vol. xxxvm, 1889, p. 136, the intrusive sheets of New 

Jersey comprise those forming the Palisades, Sour Land mountain, Cushetunk mountain, Round moun
tain, and the series including Lawrence brook and Ten Milo Run mountain, Rocky hill, Pennington 
mountain, Bald Pate, and Jericho hill, and tho outcrops at Point Pleasant, Snake hill, Arlington, 
Martin's Dock, Nesl1anic, Beli mountain, Granton, and Brookville. 

The extrusive s!Jeets include all the outcrops constituting First., Second, n,nd Third \Ya.tcbung 
mountain and the ridges to the westward and the outlying outcrop near New Germautown. 
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appears at the surface east of Paterson, it is probable that the extrusion 
of these rocks took place early in the history of the system. 

The intruded sheets, although mostly near the eastern border of the 
area and near the base of the sedimentary series, are not all so situated. 
The trap of Cushetunk mountain is at the extreme western border and, 
in part, hl contact with the bordering Paleozoic rocks. The generali·· 
zation suggested by Davis, to the effect that the intruded sheets of the 
Newark system are all low down in the series, while the extruded 
sheets occur at higher levels, apparentlycan not now be applied in New 
Jersey; but when the structure of the New York-Virginia area is more 
thoroughly known, the hypothesis referred to may find support there 
as well as in the Connecticut valley. 

Of the intruded sheets the most interesting is the one forming the 
Palisades. It is about 400 feet thick in Jersey City, and, as shown by 
Darton, rises northwa:td by breaking across the bedding of the strati
fied rocks until, at the Hook mountains, in New York, its base is nearly 
a thousand feet higher than in Jersey City, and its thickness 850 feet. 
When followed westward to the extreme western end of the Hook 
mountain, it appears that the intruded rock reached the surface and 
overflowed. 

Detailed observation regarding the nature and distribution of the 
trap rocks of New Jersey is given in the reports of the Geological Sur
vey of New Jersey by Darton, in his article on the great lava :flows and 
intruded trap sheets of the Newark system, and in Bulletin 67 of the 
IT. S. Geological Survey, already referred to, and by Davis, in his paper 
on the relation of the Triassic traps and sandstones of the eastern 
United States. 

The conclusion reached by Davis and Darton as to the extr11sive 
origin of the traps of the Watchung mountains has not been accepted 
by the geologists of the New Jersey Survey, who urge that all of the 
trap sheets of New Jersey are intrus~ve. 1 

In that portion of the New York-Virginia area which crosses Penn
sylvania, trap rocks are abundant and appear both as sheets and dikes, 
but little information is at hand to determine the nature of the sheets, 
though they are spoken of by the geologists of the Pennsylvania Sur
vey as extrusive. The dikes are known to be numerous, and, as already~ 

-stated, branch far out into the surrounding crystalline and Paleozoic 
rocks. In Maryland trap sheets are absent, but dikes occur which have 
been traced for many miles, principally in crystalline rocks. South of 
the Potomac several dikes have been observed, and intruded trap sheets 
are also present, as has recently been observed by Arthur Keith, but 
sufficient observation in this region has not been made to enable one to 
determine the distribution of their outcrop. 

IN . .J. Geol. Surv., .A.nn. R ep. for 1888, pp . 16-44 ; ibid., 1889, pp. 66- 72. Frank L. Nason , On tho 
Intrusive Origin of the ·watchung traps of New .Jersey, in Geol. Soc . .A.m. Bull., vol. 1. pp. 562-563. 
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TRAP ROCKS OF THE NEWAHK AREAS SOUTH OF THE NEW YORK-VIRGINIA AREA. 

Throughout the numerous areas of Virginia and North Carolina, south 
of the New York-Virgini~ area, trap dikes are abundant, but no trap 
sheets have been observed. Some of the trap rocks in the Richmond 
area appear to be interstratified with the coal-bearing beds, but suffi
cient observation has not been made to prove whether these are truly 
interbedded sheets or simply dikes breaking obliquely across the strata. 
Dikes in the southern areas are most abundant in the easterly, but are· 
not entirely wanting in the westerly belt of Newark areas. The dikes 
observed are in general parallel with the strike of the rocks, and are 
approximately vertical. In width they vary from a few inches to 50 or 
75 feet, and have produced alterations in the texture and color of the 
adjacent rocks for a few feet along the lines of contact. In many in
stances the dikes may be followed for several miles across the country, 
their courses being marked usually by black, weather-beaten bowlders, 
but in no instance have they been mapped, and their number and dis
tribution are unknown. They are indistinguishable in general appear
ance and in lithological and chemical characteristics from the trap rocks 
forming the great sheets of New Jersey and the Connecticut valley, or 
from the dikes traversing the adjacent crystalline areas. 

SUMMARY RESPECTING THE DISTRIBUTION AND AGE OF THE TRAP 

ROCICS. 

That the trap rocks traversing the Newark system in dikes and sheets 
belong to the great series of dikes intersecting the Atlantic coast plain 
from Nova Scotia to central Georgia seems sufficiently well estab
lished. The trap series at the south, in common with the sedimentary 
rocks they traverse, pass beneath Cretaceous and Tertiary beds, and 
therefore their full extent in that direction is unknown. The eastern 
border of the belt they occupy i~ also concealed in part beneath the 
ocean and, in part, by Cretaceous and more recent deposits. On the 
west the series reaches out in long dikes across the folds of tl,le Appa
lachian. 

In the crystalline and Paleozoic areas deep erosion bas occurred, and 
only dikes now remain. The overflows of lava which probably once 
existed have been entirely eroded away. In some portions of the New
ark areas, however, where the trap rocks, in common with the sedi
mentary beds, have been depressed below the base-level of erosion, trap 
sheets of great thickness still remain, and in other portions, where ero
sion has spared but little of the Newark series, trap sheets are absent, 
but trap dikes are common. 

There is a direct association of trap dikes with the faults of the New
ark system, as is illustrated by the contacts in the great fault crossing 
Bucks county, Pennsylvania, and in the Wadesboro area, where the 
strata adjacent to the narrow dikes show diverse dips. From this coin-
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cidence and the fact that both dikes and faults are a result of fracturing 
of the earth's crust and are hence due to the action of similar forces, it 
seems safe to conclude that both the dikes and faults are closely related 
and were probably, in part at least, contemporaneous. There are good 
reasons for believing that faulting was common at the time the Newark 
beds were being deposited, as is indicated by the great thickness of the 
conglomerates along the borders of the areas toward which the strata 
dip, but the widely extended faulting which imparts the characteristic 
structure of the Newark system took place after the beds were depos
ited and before or during the period of erosion which preceded the depo
sition of the next succeeding series of stratified beds. It was in this 
interval, also, that the intruded trap sheets and dikes were injected 
into the stratified series. This is shown by the fact that the next suc
ceeding Potomac formation rests on the upturned and eroded edg~s of 
the Newark strata and on the truncated edges of the trap dikes which 
traverse them. The trap dikes in the crystalline and Paleozoic areas 
surrounding the Newark system do not assist in determining the age 
of the intruded rocks, for the reason that these terranes are all older 
than the Newark . 

• 



OHAPTER VIII. 

DEFORMATION. 

INTRODUCTION. 

Throughout theN ewark system the structure is monoclinal over broad 
areas. In general the strata are inclined at angles varying from ten to 
t(Wenty degrees, but higher dips are of frequent occurrence. There is 
an absence of folds such as characterize the adjacent Appalachian sys
tem, and the strata have not been crumpled, except locally along fault 
lines. Displacements trending in general in a north and south direc
tion have been shown to exist in very many instances, and are the con
trolling structural elements of the system. There are also a few great 
faults which trend at right angles to the prevailing strike of the rocks. 

The prevailing monoclinal structure was one of the :first features to 
be observed when the study of the system began, and many explana
tions of its origin have been suggested. It has been explained by H. 
D. Rogers1 as being the position in which the strata were originally 
deposited. A similar suggestion was made by J. D. Whitney, after 
studying the structure of portions of the Oonnecticut valley area. The 
explanation advanced by H. D. Rogers was accepted by W. B. Rogers,2 

W. W. Mather,3 and others, in the early days of American geology. 
Morerecentinvestigationshave shown that noneofthevarious Newark 
areas have a uniform structure throughout, and besides, the varied 
composition of the rocks and their great thickness, as shown by direct 
vertical measurements, so completely exclude all bypotheses of oblique 
deposition that their discussion is unnecessary. 

Neither is it desirable, in the present state of geologic knowledge, to 
discuss the various suggestions that have been made with reference to 
the existing Newark areas being basal remains of great anticlinal 
ridges, or that they owe their monoclinal structure to the tilting of 
segments of the earth's cru1'tt many miles in width, without the forma-
tion of secondary faults. • 

These and other provisional hypotheses have been reviewed by Davis, 4 

I Description of the geology of New Jersey. Philadelphia, 1840, pp. 166-171. 
2 Report of Progress, Geological Survey of Virginia, for 1839. 
3 Geology of New York, Albany, 18-H, pp. 289-293. 
4 On the relationH of the Triassic traps and sandstones of the Eastern United States; in Mus. Comp. 

Zoology, Harvard College, Bull., vol. vn, 1883, pp. 302-304. 
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and their failure to explain the facts observed fully demonstrated. As 
the study of the Newark system has advanced and become more de
tailed, a large number of observations have been recorded, which show 
that the various fragments of the system now remaining owe their 
preservation to the fact that they are below the horizon of present base
level erosion, and occupy that position in large part by reason of depres
sion, or the elevation of contiguous area through faulting. 

Each area is characterized by the presence of faults of all degrees of 
displacement up to many hundreds of feet, which have repeated the 
outcrops of individual strata. In many instances the fault blocks have 
been tilted in the same u.irection, so as to be easily mistaken for a con
tinuous monoclinal dip. Closer study in certain instances, however, has 
shown that each of these supposed monoclinal areas is broken into many 
independent blocks. 

The study of the st:o.'ucture of the system consists in determining what 
deformations have resulted from the faulting and tilting of horizontally 
stratified beds resting unconformably on muc}l older rocks, which are 
generally metamorphosed and highly inclined. This being the direc
tion in which recent investigation leads, let us see what evidence should 
be required to demonstrate that it is in reality the structure of the sys
tem under review. 

It has been clearly shown by Davis, in discussing the structure of 
the Connecticut area, that the larger faults found in that region must 
affect the underlying crystalline rocks. My own studies have shown 
that the same conclusion may be extended to other areas of the system. 
Should the plane of erosion be depressed sufficiently, it is evident that 
at horizons near the base of the Newark system, the upheaved edges of 
fault blocks composed of crystalline rocks should appear at the surface 
as narrow belts interse.cting the sedimentary beds. Owing to the 
greater resistance usually offered by the crystalline rocks to erosion, 
such protrusions would appear as ridges, standing in relief and divid
ing the superimposed beds. Bordering such ridges and resting on the 
crystalline rocks, one should find outcrops of the basal conglomerate 
of the Newark system, succeeded by sandstones and shales. On mar~ 
gins of the Newark areas where the line of junction with the surroulld
ing crystalline rocks crosses the strike of the sedimentary beds, there 
should be long, narrow, finger-like extensions of crystalline rock, enter
ing and dividing the sedimentary beds. 

Another result of the deep erosion of faulted sedimentary beds rest
ing on crystalline rocks would be the occurrence of narrow strips of · 
sedimentary beds occupying the depressed borders of fault blocks and 
separated from larger areas by a ridge of the lower formation. 

In the study of the various Newark areas peculiarities in outline and 
in topographic form which should be expected to result from the fault
ing and erosion of horizontally stratified beds resting on more resistant 
crystalline rocks as stated above have been found abundantly devel
oped. 
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In the present chapter the available evidence in reference to the 
structure of the various Newark areas will be briefly summarized and 
the conclusion to which it points indicated. .After ascertaining what 
the structure of the system is, the attempts that have been made to 
explain its origin will be considered. 

STRUCTURE OF THE ACADIAN AREA. 

For our knowledge of the structure of the Newark rocks of Nova 
Scotia we are indebted almost entirely to the writings of Dawson.1 

The general dip of the rocks along the eastern border of the bay of 
Fundy is north west at an angle of about 15 degrees. On the New 
Brunswick shore there are several isolated areas belonging to the same 
system which dip northeastward at angles varying from 25 to 35 de
grees. These inclinations have led to the conclusion that the .Acadian 
area has a synclinal structure. rrhat such is the case, however, cannot be 
accepted as a fi'llal conclusion, for the reason that a .faulting and tilting 
of the strata would account equally well for the observed dips. In the 
eastern part of the .Acadian area, about the Minas Basin and Cobequid 
bay, the strata are much disturbed and dip toward all points of the 
compass, and at all angles from near horizontality up to 50 degrees or 
more. Some faults have been recognized in this region, but a cha\'ac
teristic fault structure, although indicated, has not been demonstrated. 
The structure is, however, certainly distinct from the great synclinal 
suggested by the opposite dips on the east and west shores of the bay 
of Fundy, and so far as recorded observations indicate falls in line 
with the prevailing fault structure characteristic of the more southern 
areas of the same system. 

The presence of two ridges of trap at Digby neck, in the southern 
portion of the Newark area bordering the bay of Fundy on the east, 
can apparently be explained by a fault, as can also the presence of par
allel submerged ridges in the adjacent portion of the bay of Fundy. 
Further field study is necessary, however, before the structure of this 
area can be considered as definitely determined; but the recorded evi- . 
dence, supplemented by observations made during a brief reconnais
sance by the present writer, certainly favors the hypothesis that the atti
tude of t,he Newark system in Nova Sco~ia has resulted from the tilting 
of faulted blocks. 

STRUCTURE OF THE CONNECTICUT VALLEY AREA. 

This area has been more thoroughly studied than any other in the 
series, and its general structure is known, although much detail work 
undoubtedly remains to be done. Our knowledge of its structure and 
of the nature of the trap sheets that traverse it has been greatly ad-

1 Acadian Geology, 3d ed., Lon<lon, 1878; pp. 86- 127 an<l map. ~upplement, pp. 28-30. 
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vanced during the last few years by the investigations of Davis.1 In 
the southern portion of the area concerning which the most recent re
ports have been made the strata are broken by numerous faults, trend
ing in general north and south with the strike of the rocks. The fault 
blocks, with some exceptions, are tilted eastward at varying angles up 
to 15 degrees. Other faults trend obliquely to the strike of the rocks 
in such a way at to throw the outcrops of hard beds out of line. There 
is good evidence for believing that in many portions of the eastern 
border of the area tltere are marginal faults which cause the eastward
dipping strata to abut against the adjacent crystalline rocks. The 
marginal faults belong to tlte same system as the strike faults in the 
central portion of the area, but deserve separate mention on account of 
their great importance in indicating the former extent of the stratified 
beds now claiming our attention. 

The structure along the east margin of the Connecticut valley area, 
as illustrated by Davis, is shown in Fig. 1, in which a portion of the 
marginal fault mentioned above is indicateg.. The throw of this fault 
must be several thousand feet. 

FIG. 1.-Fault on east side of Connecticut valley area, after W. M. Davis. 

The determination of the structure of tlte Connecticut valley area 
bas been rendered possible by the discovery of Davis that some of the 
trap sheets traversing it were extruded at the surface during the depo
sition of the Newark sediments and were buried by later deposits. Iu 
the deformation and erosion of the area they play the role of hard, sed
imentary beds, and enable one to determine the structure in a manner 
more satisfactory than seems possible in other portions of the same 
system where sandstones and shales alone occur. Since these pages 
were written the structure of the Connecticut valley area bas been still 
further discussed by Dana. 2 

STRUCTURE OF THE SPUTHBURY AREA. 

This area may be considered as an outlier of the Connecticut valley 
area from which it is separated by about 16 miles of crysta1line rocks. 

1 On the relations of the Triassic traps and sandstones of the Eastern United States; in Mus. 
Comp. Zoology, Harv. Coll. Bull., vol. vn, 1883, pp. 2-t9-309, Pl. 9-11. Also "Triassic formation of the 
Connecticut Valley," U.S. Geol. Survey, Seventh Ann. Rep., 1885-'86, Washington, 1888, pp. 455-490, Pl. 
52, and the lost volcanoes of Connecticut, Pop. Sci. Mo.,vol. XL, 1891, pp. 221-235. 

2 "On Percival's map of t.he Jura-Trias trap belts of Central Connecticut, with observations on the 
upturning or mountain-making disturbance of the formation," in Am. Jotu. Sci., 3(1 ser., vol. XLII, 1891,_ 
pp. 439-447, Pl.16. 

Bull. 85-6 
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It is so far removed from the Connecticut valley area that its former 
connection is not usually admitted; but the fact that similar areas in 
detached fault basins are common in connection with the main areas in 
Virginia and North Carolina suggests that the Southbury area also 
occupies a local fault basin, and that its preservation is due to the de
pression by faulting of a small portion of the original Newark terrane 
below the present horizon of base-level erosion. 

FIG. 2.-Map and section of Southbury area, after W. M. Davis. 

This area has been studied by Davis, 1 and its structure illustrated 
by the accompanying map and section (Fig. 2). The rocks comprise 
several hundred feet of sandsto:o.e and conglomerates at the base; 
next, a thin, amygdaloidal trap; then 200 feet or more of shale and 
calcareous beds; then a heavy sheet of trap. Other superior members 
exist, but are mostly concealed by drift. The attitude of these beds is 
so well shown in the accompanying figure that further description may 
be dispensed with. 

• U.S. Geol. Survey, Seventh Ann. Rept. for 1885--'86. Washington, 1888, p. 468. 
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STRUCTURE OF THE NEW YORK-VIRGINIA AREA. 

Although a large amount of time has been devoted to the study of 
this are·-1, its stru.cture has not been satisfactorily determined. 

In New York and New Jersey the general dip of the strata is toward 
the northwest, but many exceptions have been recorded. As shown 
by Darton and Nason, the observations of clip indicate that the strata 
are broken into blocks which have a monocliual structure. Only a few 
faults have been distinctly traced, however, and these are usually 
small. A great fault, having a throw of perhaps 2,000 feet, is sup
posed by Darton 1 to exist on the east side of the Watchung mountains, 
in the neighborhood of Paterson, which brings to the surface the char
acteristic basal conglomerate of the system. 

There are several reasons for believing that the western border of 
the area, from near Morristown, New Jersey, northward to the Hud
son, is determined by a displacement. Along this junction the Newark 
rocks dip uniformly westward to within a short distance of .the line of 
contact, but the actual junction has not been seen, owing to the thick
ness of the superficial drift. The conditions are here apparently the 
same as along portions of the eastern mar'gin of the Connecticut val
ley area, and at the junction of some of the Newark areas in Virginia 
and North Carolina with bordering crystalline rocks where marginal 
faults are known to exist. 

The line of bluffs of crystalline rock overlooking the Newark area 
from Morristown to the Hudson continues eastward and forms a bold 
line of hills, when seen from the south, through Westchester county, 
New York, and into Connecticut. The presence of a fault along the 
base of these hills, I have been informed by Darton, is indicated by an 
abrupt change in the character of the rocks. This region has been 
studied by Smock,2 who describes an abrupt change in the lithology, 
but does not explain its origin. 

Perhaps I go too far in making the above suggestion, but there are 
several indications which lead to it as a working hypothesis wllich fu
ture students of the region would do well to bear in mind. The line of 
bluffs referred to northward of l\forristown marks the shore line during 
certain stages of the deposition of the Newark rocks, which was possi
bly determined by a line of faulting that was iu process, and inereased 
its displacement from time to time during the deposition of the Newark 
beds. • 

The most important fault observ~d in the New York-Virginia area 
occurs in Bucks county, Pennsylvania, and in adjaeent portions of New 
Jersey. The course of this fault is known for about 40 miles and prob
ably has a greater length. Its general direction is north and south, 
but it is strongly curved, being concave toward the northwest. From 

J Bull. U. S. Geological Survey, No. 67, p. 18. 
2A Geological Reconnaissance in the Crystalline Rock Region of Dutchess, Putnam, and"\Vestchester 

counties, New York. 39th Ann. Rept. of the Trustees of the New York State Museum of Natural 
History, Albany, 1886, pp.l65-185. 
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near Lambertville, where it crosses the Delaware, for aoout 6 miles 
northwestward, it has brought to the surface a narrow outcrop of Silu
rian rocks on which rest the basal conglomerate of the Newark system. 
On the east side of the Delaware, in New Jersey, an outcrop of trap 
occurs in the midst of the fault rock which marks the course of the dis
placement, suggesting that the fracture was sufficiently deep to reach 
molten material. In general, on the north side of the fault the strata 
are inclined toward the northwest, while on the south they dip north
east. The rocks immediately adjacent to the displacement have been 
greatly fractured and slickensided, and in places where the exposures 
are obscure this fault rock enables one to trace the line of fracture with 
tolerable certainty. The strip of Silurian rocks brought up by this 
fault is represented on the large maps accompanying the reports of the 
First Geological Survey of Pennsylvania; but the structure of the 
region does not seem to have attracted special attention during the 
progress of the survey. Its position is shown on the accompanying map, 
forming PL IV. The facts here stated are principally from an account 
published by Lewis.1 Secondary faults, at right angles to the prevail
ing strike of the Newark rocks of Pennsylvania are reported by Lewis, 
but these are of small importance in a study of the general structure. 

In a section across the eastern rocks of southeastern Pennsylvania, 
from near Dillsburg, S. 47° 31' E., to Beelers Cross Road, by Frazer,2 

a uniform southwesterly dip is given, ranging from 16 to over 40 degrees, 
excepting near the west end of the section, where a broad, gentle syn
cline is introduced. The dips and rock structure recorded in describ
ing this section might apparently be equally well explained by the intro
duction of faults. Unless the exposures are as complete as represented 
by Frazer, it does not seem safe to assume such a great thickness as 
his section indicates, or to introduce a synclinal structure, which is ex
ceptional for these rocks. A portion of the western border at Corn wall 
iron mine, near Dillsburg, has been shown by J. P. Lesley and E. V. 
d'Invilliers3 to be determined by a great displacement, which urings the 
westward dipping strata of the Newark system in abrupt contact with 
Paleozoic strata. 

The most reeent studies of theN ewark system in Pennsylvania have, 
in general, not indicated the presence of a faulted monoclinal structure. 
The absence of easily recognizable strata, as iu many other parts of the 
system, unfortunately renders it difficult to determine the structure of 
the regiou. Many observatious of dip and other pheuomena have been 
recorded by the Second Geological Survey, but no digest or systematic 
study of these observations has been made. Until this is done by one 

IA great trap dike across southeastern Pennsylvania. In Am. Phil. Soc. Proc. , vol. xxn, 1885, pp. 
438-456. Map op. p. 40. 

2 Second Geol. Surv. of Pennsylvania, Report of Progress in the counties of York, Adams, Cumber· 
land, and Franklin. Vol. C 2, 1875. Harrisburg, 1887, pp, 265-270. Pl. op. p., 264. 

s Second G~ol. Surv. of Pennsylvania. Ann. Rep. for 1885, pp. 496, 498,506. 
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familiar with the region it is impracticable to draw any general conclu
sion from the many observations recorded. 

The eastern border of the Newark system in Pennsylvania, Maryland, 
and Virginia is irregular, owing apparently to inequalities in the floor 
on which the stratified beds were cleposited, or possibly to subsequent 
disturbances. These inequalities have been exposed at the surface by 
erosion, and indicate that along this border the Newark beds have but 
little thickness. In some places they have been cut through by stream 
erosion so as to expose the crystalline rocks beneath. 

The structure of the southern portion of the New York-Virginia area 
has not been determined. The inclination of the beds south of the 
Potomac is in general northwestward, and to a casual observer the 
strata appear to have. a continuous monoclinal dip from side to side. 
The rocks, however, are mainly shales and shaly sandstones, and the 
presence of faults would be difficult to determine. 

At Brooklyn, a few miles west of Centerville, Virginia, there is a 
series of parallel ridges trending nearly north and south, which present 
sharp escarpments to the eastward. These ridges owe their prominence 
to the outcropping edge of a trap sheet which has been broken by 
faults. The trap sheets in each fault block have a dip of about 250 to 
the northwest, corresponding with the inclination of the associated 
shales and sandstones. The presence of trap sheets in this region, it 
is to be hoped, will assist in the future study of its structure in the same 
manner that similar sheets in the Connecticut valley have led to the 
determination of the deformations that there occurred. 

STRUCTURE OF THE BARBOURSVILLE, STOCKVILLE, DANVILLE, AND 

DAN RIVER AREAS. 

These areas fall in line with the southern extension of the New York
Virginia area, and have the same general structure. The strata of 
which they are composed dip westward, and in many places abut against 
the bordering crystalline rocks. The presence of marginal faults has not 
been determined by direct observation, but the persistent westward dip 
of the Newark strata, close to the line of junction, can not be explained 
unless such faults are postulated. In the Dan river area especially, 
the high dip of the Newark system, amounting in many instances to 
fully 50 degrees within a few rods of the line of junction with the crys
taUine rocks, is a very strong indication of marginal faulting. The 
western border of each of the areas here conRiciered is composed of 
coarse conglomerate, derived from the crystalline rocks toward which 
the strata are inclined. In general the conditions are the same as along 
the northwestern border of the New York-Virginia area and the eastern 
border of the Connecticut valley area. 

In the Barboursville area the structure is obscure and greatly dis
turbed. The presence of coarse conglomerates along both its western 
and eastern margins indicates that the strata have not great thickness • . 
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The dips observed at several places a,re uniformly westward, at angles 
of about 20 degrees. No faults or folds have been discovered, but may 
exist, as the exposures are not good. The area is bordered on all sides 
by old llills7 and forms a topographic basin which owes its origin to the 
_greater ease with which the stratified rocks yield to erosion. 

In the Scottsville area the dip is . westward throughout, at angles 
varying from 15 to 20°. No structural features excepting the dip of 
the strata have been observed. 

The Danville and Dan river areas are remarkable for the high incli
nation of the strata eompo.sing them. In many places, throughout 
continuous sections over a mile in length, the beds have a persistent 
westward dip at angles varying from 35 to over 50°. The White Oak 
mountains formiug the most conspicuous portiOilt of the Danville aJ;ea 
are composed of sandstones and shales, and stand in relief and form 
an exception to the statement made on a preceding page to the effect 
that theN ewark areas at the south are usually lower than the crystal
line areas bordering them. The trend of the range is a little east of 
north, but does not coincide with the strike of the strata composing it, 
which is nearly northeast and southwest. 

The Danville area terminates abruptly at the south, and appears to 
have been separated from the Dan river area by a profound displace
ment trending northwest and southeast, or at right angles to the pre
vailing strike of the rocks. The abrupt manner in which the strata at 
the northeast extremity of the Danville area abut against the crystalline 
rocks, when followed northwestward along the strike, is well shown 
near the little hamlet of Cascade. The junction of the two formations 
is a straight line at right angles to the strike of the Newark beds. 
Along the line of junction theN ewark strata dip northwest at angles 
varying from 30 to 350 ._ 

This locality has not been thoroughly studied, but from the recon
naissance made it seems as if the Newark strata had been depressed 
into the crystalline rocks along the junction of two faults which meet 
each other at nearly rigllt angles. In a newly constructed mill race, 
situated between Cascade and the neighboring railroad station, the 
following detailed section was measured: The section is 1,370 feet long 
as measured at the surface, and runs at right angles to the strike of 
the rocks. The dip throughout is northwest 30 to 33°· The rocks 
were well exposed, and show no indications of faults or folds, excepting 
that the bard sandstone strata are very similar in composition, and are 
repeated with surprising regularity in certain portions. Only a few 
rods northeast of this sec.tion, i. e., in tlle direction of strike, the strati
fied beds end abruptly, and are replaced by crystalline rocks. The 
measurements given below show vertical thickness; the first or highest 
member in the series is at the west, where the dam from which the race 
starts is situated. 
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Ve·ri'ical sect·ion, nea1' Cascade, No1'th Ccwolina. 

Compact black slate, becoming sandy in weathered outcrops ................ . 
Compact gray sandstone ................................................... . 
Black shale, poorly exposed ............................................... --
Hard, gray sandstone ....................................................... . 
Thin-bedded sandy shale, passing into sandstone below ..................... . 
Compact gray sandstone ................................................... . 
Sandy shale ................................................................ . 
Compact gray sandstone .................... _ ........ _ . ___ ................. . 
Shale, light-colored, even-bedded .................................. ·----- ... . 
Hard sandstone, with partings of shale .......................... ------ ..... . 
Shale, yellowish, sandy .................................................... . 
Sandstone, hard, bluish, resembling gneiss ................. ____ ............. . 
Shale, yellowish ........................ _ ................ _ ......... _ .... _ .. . 
Sandstone, compact, somewhat broken ................ _ .................... . 
Shale ....................... _ ............ _ .. __ . _ .. _ ...... _ .......... __ ...... . 
Sandstone, eompact ....................... _ ............. ___ ..... _ .......... . 
Shale ...... _ ..................... _ ......... ___ . _ ...... __ .. _ . _ ... _ ..... _ .... _ 
Sandstone ...... _ ................. _ .. _ .. _ ... _ .... . .................. _ ...... . 
Shale .......... _ .. _ ........ _ . _ . __ ..... ____ .. ____ . _ .... ____ .. __ ... __ .. _ . _ .. __ 
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Feet. 
33·0 
2·5 

122·0 
2·0 

19·0 
2·5 
3·0 
2·o 

19·0 
3·5 

19·0 
3·5 

12·0 
2·5 
8·0 
3·0 

12·0 
2·0 
6·0 

Sandstone .......................... ------.................................. 2·0 
Shale, broken, exposures obscure............................................. 8·0 
Sandstone, hard, bluish, resembling gneiss ............... __ ... __ ...... _..... 6·0 
Shale ..................................... _ .. _ .... __ .... __ ....... _...... . . . . . 19·0 
Sandstone, hard, bluish, resembling gneiss ...................... __ .. . . . . . . . . 6·0 
Sandstone, compact ................ .. ... __ ....... _____ .. ___ .... _ .· ..... _ .. _.. . 5·0 
Sandstone, shaly ..... _ .... _ .. __ ..... _ .... _ ..... __ ......... __ ....... _.... . . . . 5·0 
Shale~ black ............ __ ..... _ ......... ____ .... _ . _ . __ . _ ... ___ ......... _.. . 1·0 
Sandstone, shaly ...... _ .................... _ ...... :. ___ ......... _ .. _ .... __ .. 2·0 
Sandstone, shaly, irregul::tr, disturbed ...... ____ ... __ .... ___ .. _. _ .... _. _. . . . . 3·5 
Shale, black ......... ---- .... ...... ...... .... ...... ...... .... .... ...... .... 1·0 
Sandstone, compact, even-teddecl ........................................... 2·0 
Sandstone and shale, in thin layers.......................................... 4·0 
Slate, black ............................ _ ... _ ..... _... . . . . . . . . . . . . . . . . . . . . . . 2·0 
Sandstone, compact ......................... __ . _ ... _ .................... _.. . 3·0 
Shale or slate, black......................................................... 5·0 
Sandstone, in thin layers with shaly partings, even-bedded ................ __ . 15·0 
Shale, yellowish, micaceous, black at bottom .................... _. _. __ ...... · 3·5 
Sandstone, compact, bluish ................. _ ... __ .. _... . . . . . . . . . . . . . . . . . . . . . 5·5 
Slate, black, shaly ................... ____ .... .... .... .... .... .... .... .... .. . 3·5 
Sandstone, with shaly partings, passing below into slate ............... _..... 13·0 
Shale, l1lack .............................. __ ........ _ .......... _ .. __ .. . . . . . . 4·0 
Sandstone, compact, bluish.................................................. 2·0 
Shale, black, yellowish on weathering ... _._ ....... . ......... _. _...... . . . . . . . 7·0 
Sandstone and shale, in thin layers ............ ------ .................... ______ 9·5 
Sandstone, shaly......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·0 
Sandstone, compact, bluish ........ _·_ ....................... _................ 10·0 
Shale, yellowish .............................. ______ ........................ 20·0 
Unexposed .•...•............ :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100·0 
Shale, sandy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22·0 
Sandstone, compact, bluish.......................... . . . . . . . . . . . . . . . . . . . . . . . . 2·5 

Total vertical thickness, about ........................................ 473·5 
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Another section exhibiting the eharac.teristics of the strata of the 
Dan river area occurs at Leekville, and resembles closely that given 
above exeepting that on the west it pa-sses into a heavy granitic con
glomerate, which in limited exposures can not be distinguished from 
the undisturbed granitic terrane bordering the Newark area on the 
west. 

The system throughout the Dan river area is characterized by the 
presence of heavy beds of black slate and of dark colored shales, resem
bling closely the medial portions of the Richmond and Deep river 
areas . 

.All through the Dan river area the rocks are inclined westward, 
and no faults of any considerable extent have been observed, although 
small ones in much disturbed sandstones and shales may be seen in 
cuts along the Cape Fear and Yadkin Valley railroad. A marginal 
fault, on the west side of the area near Leeksville, is suggested by the 
high westward inclination of the conglomerates close to their junc
tion with the granitic rocks ou the west. The Dan river area, as shown 
on Pl. r, is the most southern of the western belt of Newark areas, the 
northern terminus of which is on the Hudson. Throughout this entire 
series the general dip is westward, except in Pennsylvania, where the 
terrane curves to the west and the prevailing dip is northward. 
Throughout the eutire belt, however, the dip is toward the ancient 
shore from which the debris forming the Newark beds was derived. 

In Virginia and North Carolina there is another belt of Newark areas, 
to the eastward of the one-here described, in which the prevailing; dips 
are to the southeast. Between these two belts is the small Farmville 
area, in which the strata are greatly disturbed and dip sometimes to 
the westward and sometimes to the eastward. 

STRUCTURE OF THE FARMVILLE AREA. 

In crossing this area from east to west, one finds that the strata have 
diverse inclinations and change abruptly from northeast to northwest 
dips. During my reconnaissance of the area, in 1885, the presence of at 
least four north and south faults in the central portion of the area was 
determined. The area as a whole, however, is, topographically, a basin 
surrounded by hills of crystalline rocks, and exposures are too indefi
nite to admit of a ready determination of its structure. On its eastern 
border, about 2 miles north of Farmville, the presence of a heavy mar
ginal fault is clearly shown in recent mining explorations. At this local
ity the Newark system is composed of fine, light colored sandstones 
and shales, with several much disturbed coal .seams, and abuts against 
granite. The stratified rocks near the line of contact are much dis
turbed, broken, and slickensided. They are not shore deposits, no 
coarse conglomerates being present, but offshore and swamp accumu
lations. That their abrupt termination against the granite has resulted 
from displacement and is not due to original deposition is beyond 
question. 
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In the small detached area about 6 miles south of Farmville the 
rocks are principally shales, with some sandstone layers and occa
sional coal seams. Coarse conglomerates do not appear at the surface. 
The prevailing dip is northwest, 20 degrees. No folds exist, and the 
presence or absence of faults has not been determined. 

STRUCTURE OF THE RICHMOND AREA. 

PREVIOUS OBSERVATIONS. 

In Lyell's well known essay on the Richmond coal field, 1 and in 
other writings by the same author, the rocks of this area are considered 
to have been deposited in a local basin of about the same extent as the 
present coal field, and to have a synclinal structure. These conclusions 
have been repeated by nearly all subsequent writers on the subject 
with the exception of W. M. Fontaine, whose work will be noticed later, 
and .F. H. Newell,2 who has shown that the coal seams were not accu
mulated in the restricted basin, and do not thin out at the outcrops, as 
previously considered, but are faulted and crushed. 

The occurrence of a double line of coal outcrops along the eastern mar
gin of this area was recognized by Rogers, 3 during his survey of Vir
ginia, and considered to be a result of faulting. He believed, however, 
that the Newark strata in the Richmond area and elsewhere were de
posited in an inclined position, as had been explained by H. D. Rogers, 
and did not determine its structure or advance any definite ideas con
cerning the deformations that had taken place. 

The. presence of faults on the eastern border of the area is indicated 
in a section published by Taylor 4 in 1835, unaccompanied by any dis
cussion. 

This area has been studied by Fontaine, 5 in connection with other 
areas of the same system. His conclusions respecting its structure are 
stated as follows: 

My examination of some of the finger-like remnants of the Mesozoic, now found at 
the northern end of this field, thrust out in the Azoic, put me in 1)ossession of what 
I think is the explanation of the peculiarities of the structure of this field, a,nd of 
the interior belts. The history of these areas, briefly stated, seems to be as follows: 

The strata were laid down in depressions, which, originally shallow, were subse
'luently deepened by a more or less rapid subsidence. The subsidence was due, as 
previously stated, to the operation of a lateral thrust. It continued until faults and 
overturnecl anticlinals were produced. In the interior belts (the New York-Virginia, 
Barboursville, Scottsville, Danville, and Dan river areas) these operated to 11roduce 
a constant northwest dip. This resulted from tile fact that the western sides of the 
severed earth prisms dropped, 1n·oducing, sometimes, by a roll of the prisms, an 
upthrow of the eastern side. This appears to occur in some of the faults of the 
Richmond coal field also. When the strain did not result in producing ruptm;e and 

1 Geol. Soc. London, Quart . .Tour., vol. III, 1847, pp. 261-280, Pls. 8, 9. 
2 The Richmoncl Coal Field, Virginia. Geol. Mag., London, Dec. 3, vol. vr, 1889, pp.138-140. 
3 Reports on the Geology of Virginia for 1835, p. 55, and for 1840 
4Pennsylvania GeoL Soc., Trans., vol. r, pp. 275-294, Pls.16, 17. 
'Notes on the Mesozoic of Virginia. Am . .Tour. Sci., 3d series, vol. xvu, 1879, pp. 36-37. 
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faulting, it cansetl the development of an anticlinal, affecting hnt a narrow belt, 
which was overturned to the eastward, thus producing also a continuous northwest 
dip. vVhere the strata have suffered enormously fr·om ero:>ion, and where almost 
precisely similar becls are formed by the similar conclitions of depositi -'1 found 
repeated at different horizons, as is often the case iu the interior belts, it is almost 
impossible to detect reduplications by faulting and folding. When the period of 
faulting was reached eruptions of trap took place. It will thus be seen that the 
continuous dips would by no means give a true indication of the thickness of the 
series. 

In the Richmond coal field the faults and narrow overturned folds are not of sufficient 
magnitude to produce, as in the interior belts, continuous dips, hut suffice only to 
render very va.riahle and uncertain the dip and position of the strata toward the 
center of the field. The general result seems to have been to flatten the dip here 
and to steepen it on the western side. Some of the twists in the strata produced by 
the overturned anticlinals are of extremely limited extent. I have seen them only a 
few feet wide. 

The direction in which the lateral thrust-operated in this field was from east to 
west, and it seems not yet to he exhausted, for this region is often affected by minor 
earthquakes, and at intervals of ten or fifteen years by very po·werfnl ones; the last 
occurring a few years ago. The shocks pass from east to \Yest. It is probable-that 
the gradual ilepression of the coast :is connected with this westwanl th1~nst. 

A detailed account of the strata penet.rated dllring mining oper
ations near Midlothian has been given by Heinrich1 and the structure 
indicated in the plates which accompany his paper. · 

PERSONAL OBSERVATIONS. 

The observations of the present writer made in 1885 seem to warrant 
the conclusion that the Richmond area has been greatly disturbed by 
fracturing, especially along its eastern and western margins, and that 
as a whole it oweR its preservation to faulting which carried the strata 
below the horizon of subsequent base-level erosion, or else elevated the 
contiguous areas. The faulting that has taken place along the ma.rgins 
of the area indicates that the strata were formerly more· extended than 
now. Erosion has been great, and it is evident that what now remains 
of the Newark strata is but the remnant of their original extent. 

Section ctlong the James river.-The only natural section of any con
siderable extent in this area is along the left bank of the James from a 
point on the east nearly opposite the site of Bellona arsenal, westw'trd 
to Dover, a distance of between 7 and 8 miles. At ·each end of this sec
tion the rocks are much disturbed and broken along north and south 
displacements. The general dip at each end is toward the center of 
the area, at angles varying from 15 to 70 degrees. In the central portion 
of the section, for a distance of about 4 miles, the strata form a broad, 
gentle synclinal, the central part of which is nearly horizontal, the dips 
on the eastern and western borders varying from 5 to 8 degrees. Near 
the west end of the section, at Boscobel, th_ere js a mass of crystalline 
rocks included between highly inclined Newark strata. This is formed 

1 Mesozoic formation in Virginia. In Am. Inst. Min. Eng., Trans., vol. VI, 1879, pp. 221-224, Pls.l-2. 
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by the tongue-like prolongatiou of crystallhte rock which enters the 
Newark area from the north and extends across tile James river as 
shown on the map forming Pl. v. The presence of this wedge of crys
talline rock, disturbing the continuity of the sedimentary strata, is clue 
to a fault which has brought up the floor on which the Newark rocks 
were deposited, together with the basal conglomerate which rests Llpon 
it. On the east side of the wedge near the Dover miues the Newark 
rocks are disturbed and faulted, and have a general southwest inclina
tion at angles varying from 15 to 20 degrees. On the west side the 
stratified rocks are also much disturbed and faulted, and in general dip 
eastward. 

West border of the area.-The Dover mines, on the north side of the 
James, and the Powhatan, Norwood, and Old Dominion mines, on the 
south side of the river, are ranged in line along the west border of the 
area, and may be considered as constituting a single district. In this 
district, as has been demonstrated by mining operations, the inclina
tions of the rocks change abruptly from northwest at some locali
ties to southeast at others near at hand, the incli11ations vary
ing from 15 to 20 degrees. This diversity is explained by the fact 
that the district has been broken by approximately north aud south 
faults, and that the included beds have been variously tilted. T·he 
structure is especially well illustrated in the Norwood _mine, in w ltieh 
the coal in certain of the fault basins has been worked out aiHl the 
forms of the troughs demonstrated. These mines are located on the 
low bluff: bordering the flood plain of the James, and the coal comes to 
the surface, although the lines of outcrop are concealed by superficial 
clays and gravels. The coal is worked by means of "-slopes" following 
the dip of the seams. In the workings which were open in 1885 the 
dip is westward at an angle of from 20 to 25 degrees. The main slope 
had been excavated, following the inclination of the strata, for about 
300 feet, and exposed sections of two coal seams, both of which are 

. irregular in thickness, owing to disturbances along small faults. Three 
principal faults were exposed at the time of my visit, all remarkably 
uniform in strike and hade, and in the direction in- which the fault 
blocks had been tilted. The displacement amounted to 5 or 6 feet in 
each instance, and the fault planes are inclined eastwaTd at augles of 
from 60 to 70 degrees with a horizontal plane. Each oftbe fault blocks 
is tilted at an angle of 20 to 30 degrees toward the northwest. At the 
bottom of the slope another fault of greater magnitude was encoun
tered, the hade of which is westward at an angle of 20 to 30 degrees. 
Along each line of faulting the coal had. been pinched out to a mere 
''stringer" of comminuted and slickensided fragments. The fractur
ing and crushing were -so complete near the lines of disturbance that the 
fragments of coal and associated shale are intimately mingled, mucll to 
the detriment of the former. In many cases the slickensided fragments, 
measuring an inch or two iu diameter, cau be removed with the hand. 
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Owing to the drag of the strata on the thrown side of the faults, the 
dip of the beds seems to be in opposite directions from the lines of dis
placement, and decreases in inclination a few feet distant. This occur
rence has led the miners of this district to apply the term "roll" to 
these disturbances. In some instances it was apparent that motion 
had taken place throughout a belt of comminuted and slickensided 
fragments or "fault rock," several feet broad, thus rendering it impossi
ble to indicate a precise line of fracture. 

These displacements are accompanied by a thinning of the coal adja
cent to the planes of fracture and a thickening in the central poi·ti011 
of the fault blocks. This phenomenon h~s been observed in many 
other mines in the Richmond area and is probably the explanation of 
the great thickness reported in some of the coal seams along the east
ern margin of the area and in detached basins adjacent thereto. 

East border of the area.-In the neighborhood of Midlothian there is 
a double line of coal outcrops separated by a strip of crystalline rocks 
having a breadth of approximately 2,000 feet. The western line of 
outcrop marks approximately the boundary of the main coal field, while 
the eastern line is formed by coal seams in detached basins. Mining 
in this region has demonstrated that there are at least two separate 
basins in. the outlying strip of coal-bearing rocks. These are the Black 
Heath and Green Hole areas, widely known during early mining opera
tions in Virginia. Other small areas are indicated on some maps ·as 
falling in line with these, but whether they form separate basins or not 
is uncertain. So far as the dominating structure of the region is con
cerned, all of these small local areas may be considered as one. 

In the eastern border of the main area at Midlothian the strata~ 
although disturbed by many small faults, are inclined westward at an 
angle of between 15 and 20 degrees. In the outlying local basins the 
strata are reported to be inclined from each side toward the center, so 
that each stratum forms two parallel lines of outcrop. It is also re
ported that the coal seams are thin along their outcrops and thicker in 
the central part of the basins. The structure of these basins was not 
accurately recordBd during the time that coal was being removed and 
it is now impracticable satisfactorily to renew their study. From such 
observations as l was able to make, ':tided by the writings of Lyell and 
the verbal reports of miners who helped to win the coal, I judge that 
the strata dip to the westward, but that the softer layers, including the 
coal~ were dragged along the plane of faulting and thus simulate a 
sharply folded synclinal. 'rhe fault which cut off the basins follows 
their western border and hades eastward. 

The small detached area in which the Deep river mines are situated, 
north of the James and about 3 miles east of the east border of the main 
area, is another illustration of the occurrence of a narrow strip of New
ark rocks occupying a detached fault basin. The main fault to which 
this little area owes its depression, and consequent preservation, follows 
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its west border. The bluff of crystalline rocks overlooking it on the 
west is in reality the heaved side of the fault, the strike of which is 
about northeast and south west and, the hade eastward. In this area, 
as in the Green Hole and Black Heath basins, some of the soft strata 
appear to have parallel lines of outcrop. The line of supposed outcrop 
along the west side of the basin, however, is due to the drag of the coal 
and associated shales along the fault plane. As in similar basins south 
of the James, the coal is thin at the outcrops and thickens in the cen
ter of the fault blocks. As in the areas mentioned above, the struc
ture simulates an abruptly folded synclinal, with strata thickening in 
the center. The coal in this area is much broken and slickensided, and 
secondary faults were encountered during mining operations. The roof 
of shale above the coal is in many places a mass of comminuted and 
slickensided fragments, which in some instances during mining oper
ations flowed out from openings like so much gravel. Here, as else
where in the secondary areas and in the bordering outcrops of the 
Richmond coal field, the difficulties and uncertainties of mining were 
greatly enhanced by the faulting and crushing that the strata had suf
fered. 

At Clover hill, in the southern part of the eastern border of the 
Richmond coal field, coal has been mined for a long series of years. In 
1885, this was the only point at which active mining operations were 
being carried on. The" incline" which was being worked followed the 
slope of the coal seams for about 250 yards. The dip of the strata is 
northwest 20 to 35 degrees, and the strike 8.10° 30' W., agreeing very 
nearly with similar measurements at Midlothian. At the date men
tioned, mining operations were limited on the west by a fault, striking 
about nortli and south, the throw of which was undetermined but ex
ceeds 50 feet. In the mines there are several minor faults, parallel to 
the one on the west, some of which have a displacement of 40 to 50 
feet. The structm·e, although seemingly more regular than the Mid
lothian or Norwood, is essentially of the same character; that is, the 
rocks are faulted, but the strata in each fault block return with remark
able persistency to about the same dip. 

A marginal fault along portions of the east border of the Richmond 
coal field, which brings the broken edges of theN ewark strata in direct 
contact with the surrounding crystalline rock, has been determined. A 
cross fracture is indica ted by a break 'and oftset in the line of coal out
crops just east of Midlothian. The tongue of crystalline rock penetrat
ing the main Richmond area at the extreme northern end, as shown on 
Pl. v, seems also to be due to a fault which has brought up the 
crystalline :floor on which the Newark rocks rest. The actual presence 
of such a fault, however, bas not been demonstrated by observation. 

Failures in mining due to geological structure.-It is safe to say that a 
large part of the failures which have attended the working of the coal 
in the Richmond coal field are due to the faulting and crushing that 
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the rocks have suffered. Mining has been attempted only along the 
immediate borders of the main area and in the small secondary basins, 
that is, in localities where the greatest amount of disturbance has 
occurred. The central and undisturbed portion has never been ex· 
plored. A few drill holes mid way between Midlothian and the Old 
Dominion mine would demonstrate whether the coal in the central por
tion of the field is sufficiently thick and of such a quality that it would 
repay mh~.ing at the considera.ble depth at which it occurs. While the 
central portion of the field is practically without faults, it is possible 
that it is traversed by sheets and dikes of trap, the effect of which on 
the coal, whether to decrease or increase its value, can not be predicted. 

Absence of oil and gas.-A.lthough mining in the Richmond coal field 
has been retarded by the escape of natural gas and by spontaneous· com
bustion, the fact that it has been penetrated by mines and dril1 holes 
without developing any reservoirs of oil or gas of economic importance 
must be considered as sufficient evidence that such deposits do not ex
ist. The broken condition of the strata and the attitude in which they 
occur are in themselves sufficient indication that reservoirs of oil and 
gas need not be looked for. 

STRUCTURE OF THE DEEP RIVER AREA. 

The most usual dip of the strata in this area is southeast at an average 
angle of perhaps 15 degrees. Faults are exposed in several of the ex
cavations along the railroads crossing the area, and changes of dip occur 
adjacent to many of the trap dikes which break through the stratified 
beds, indicating that they were intruded along displacements. 

On the east side of the area, near Carey, and again on the west 
border, a mile. or two north of Egypt, there are notches in its outline 
which probably indicate the presence of faults. The junction of the 
Newark rocks and the adjacent crystalline rocks of the eastern border, 
where it is crossed by the Piedmont Air Line Railroad, 1~ miles west 
of Carey, is well exposed. The Nmvark strata at the junction consist 
of a coarse, brecciated conglomerate, dipping westward and resting on 
the crystalline terrane from which they were derived. These coarse 
beds belong to the basal conglomerate of the series, and agree in all 
essential-features with the same stratum where exposed along portions of 
the west margin of the same area and in adjacent secondary areas. The 
most remarkable evidence of faulting in this region is furnished by a 
narrow strip of Newark strata adjacent to the west border of the main 
area, immediately west of Lockville. The trend of the axis of this out
lier is parallel with the margin of the main area, and distant less than 
a mile from it. In the central part of the strip the strata dip a little 
east of north at an angle of 20 degrees. On the west side of the area, 
and resting on crystalline rocks, is the coarse basal conglomerate of 
the Newark. 
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On Kerr's 1 geological map of North Carolina, three small detached 
areas of theN ewark system are represented as occurring about 20 miles 
east of the eastern border of the main area and 10 miles south of 
Raleigh, but no observations on the character or structure of these 
outliers are known. 
~Vitbout entering into a detailed a'Ccount of observations made by 

the writer in the Deep river area, it may be stated that the evidence 
throughout is decidedly in favor of the prevailing fault structure. 
There is an absence of anticlinals and synclinals, and also an absence 
of a continu~ms monoclinal dip throughout the area, as bas been stated. 

STRUCTURE OF 'l'HE WADESBORO AREA. 

In this, as in the Deep river area, the prevailing dip is southeast, 
but there are many exceptions in which the inclination is reversed 
along lines of displacements or adjacent to trap dikes. There are also 
outlying or secondary areas that still further illustrate the fault struc
ture of the region. 

The best section obtained in this area, and perhaps the most in
structive that can be found anywhere in the Newark system, is exposed 
along the Carolina Central railroad from Lylesville westward through 
Wadesboro, to the western margin of the area. The width of theN ew
ark rocks along this line, including two tongues of crystalline rock 
penetrating the sedimentary series from the north, is about 16 miles. 
The section referred to above, as measured during my reconnaissance 
in 1885, is shown on Pl. IX. On the same plate is a more detailed 
section of a portion of the general section, in which. the characteristic 
structure of the Newark system is well illustrated. West of Lyles
ville for about 1 mile the rocks are granitic and deeply decomposed. 
Bordering the granite on the west are the Newark beds. Tlie Newark 
strata adjacent to the eastern border of the area are composed of the 
debris of granitic rocks, plainly derived from the crystaline area on the 
east. At the immediate eastern end of the Newark section there are 
certain structureless, mottled clays, which were apparently deposited 
above the Newark strata and may possibly belong to the Potomac for
mation; but the relations of these deposits have not been satisfactorily 
determined. The dip of the Newark beds for about a mile westward 
from the eastern margin, as .shown on the accompanying sections, is 
westward at angles varying from 10 to 20 degrees. The dip then 
changes abruptly near a trap dike, and the strata. are inclined south
eastward at an angle varying from 15 to 25 degrees. This general in
clinatim:i prevails all the way across the remainder of the section until 
the crystalline rocks interrupting the continuity of the Newark beds 
just east of Browns creek are reached. 

In this section over fifty trap dikes were observed, ranging from a 
few inches -to over 50 feet in width, and at least fourteen displacements 

1 In Rep , Geol. Surv. of North Carolina. Raleigh, 1875. 
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of considerable but usually undetermined throw were noted. .As the 
rocks were seen for less than half U.te distance included in the se~tion, 
there being no exposures where the railroad is constructed by :filling, it 
is probable that less than half the dikes and faults that exist have 
been seen. The most typical as well as the best exposed portion of this 
section is in Bogans cut, about 32" miles west of Wadesboro, which is 
indicated at the bottom of Pl. IX. In this cut there are four well 
exposed faults, besides abrupt changes in the inclination of the strata 
adjacent to the trap dikes. The displacements in each instance have 
a throw of less than 50 feet, and with one exception are normal faults, 
hading westward. The exception is a reversed fault, as shown in the 
section, a photograph of which is reproduced in Pl. xn. Comminuted 
rock occurs along the immediate plane of the fault, and a triangular 
block of sandstone is included in it. The structure in Bogans cut is 
rendered unusually plain by the contrast of reddish brown shales and 
gray sandstones brought into abrupt contact by the displacement. The 
fault planes in· each instance are smooth and slickensided; the striations 
on the smooth slopes record vertical movements. 

A mile and a half west of Bogans cut the basal conglomerate of the 
Newark system comes to the surface with an easterly dip of about 25 
degrees, and rests on crystalline strata. West of this junction the crys
talline rocks are well exposed for nearly a mile to the eastern border 
of the valley of Browns creek. There is then an unexposed area about 
a mile broad OCC\J-pied by flood·plain deposits, but it is probably underlain 
by Newark strata. On the west border of the flood plain the· Newark 
system again appears, dipping eastward at a high angle, and continues 
to be again exposed occasionally for 2~ miles along the railroad. In this 
portion of the section the rocks are shales and sandstones, traversed by 
many trap dikes and broken by several faults. The basal member of 
the series again appears, as shown on Pl. IX, with an easterly dip of 
about 40 degrees, and resting upon metamorphosed rocks. West of 
this junction the metamorphosed rocks form the surface for about 300 
feet, when the basal conglomerate again appears, this time dipping 
westward at an angle of about 20 degrees. .A fault between theN ewark 
strata and the metamorphoied rocks is here plainly indicated by a band 
of comminuted fragments. The conglomerate on both sides of the up
thrust slates is composed of the same rock in ronnded and angular 
masses, and was evidently of local origin. West of the last exposure 
of the basal conglomerate, the characteristic shales and sandstones of 
the Newark system continue to be exposed westward along the railroad 
for several hundred feet. The crystalline rocks then begin and con
tinue indefinitely. 

In the section just described the basal conglomerate is exposed four 
times by faulting. There are also, as we have seen, many faults not of 
sufficient vertical extent to bring up the basal member of the system. 
The disturbances that the rocks have undergone are still further illus
trated by the great n'umber of trap dikes penetrating them. 
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The Wadesboro area as a whole is depressed below the level of 
the surrounding plateau of crystalline rocks, thus indicating that the 
rocks composing it are more easily eroded than the surrounding ter
ranes. When the crystalline rocks penetrate the Newark area, they 
form bold hills and by their relief enable one to judge of the structure 
of the rocks beneath. South of Bogans cut, near Whites store, there is 
a high north and south ridge composed of crystalline rocks trav~rsing 
the Newark system, which is probably the upheaved side of a fault 
and may be an extension southward of the ridge which appears on the 
west side of Browns creek farther north. 

The structure of the Wadesboro region is still further illustrated by 
two small outlying areas belonging to the same system. These are sit
uated to the eastward and are indicated on Kerr's geological map of 
North Carolina. These were examined by the writer in 1885 and are 
supposed to occupy fault basins, as in the case of the numerous outly
ing areas previously noted. The first of these visited is about 3 miles 
east of the eastern border of the main area in the valley of Mountain 
creek. It is between 2 and 3 miles long from north to south and perhaps 
a quarter of a mile broad. · The dip of the strata is in general south· 
eastward at an angle of 10 degrees. South of this, and about 4 miles 
west of Rockingham, is another similar area, separated from the main 
area by about 8 miles of crystalline rock. In this intervening belt 
there are trap dikes identical with the numerous dikes of the Newark 
system, and in the Rockingham area there are other dikes of the same 
character. The area near Rockingham is nearly 2 miles broad, with 
possibly a ridge of metamorphosed rocks in the center, and coarse con
glomerate is exposed along its western border. The strata above the 
conglomerate are normal sandstones and shales dipping eastward 15 
degrees. 

My notes show many other details of structure which are in harmony 
with the general conclusions presented above, and strengthen the 
hypothesis that the Wadesboro area, like others in the system to which 
it belongs, is characterized by diverse monoclinal structure due to the 
tilting of faulted blocks. 

SUMMARY. 

The brief account given in this chapter of our present knowledge of 
the structure of the Newark system, shows that it is monoclinal through
out. The structure is due to a fracturing of the rocks along lines having 
in general a northeasterly and southwesterly trend, and a tilting and 
perhaps overthrusting of the included blocks. In many instances the 
fault blocks are inclined in a uniform direction, and when the similarity 
in strata renders it difficult to detect repetitions, the system appears 
to be a continuous mass of vast thickness. Some of the faults observed 
are of sufficient magnitude to bring to the surface the crystalline or 
Paleozoic rocks on which the system rests. Others expose the basal 

Bull. 85--7 
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conglomerate, but the greater number are small, and owing to the sim
ilarity of the strata affected by them are difficult and many times 
impossible to trace. 

While faults are numerous, pronounced folds are absent. Broad, 
gentle undulations do occur, however, especia1ly in the broader areas, 
and in the Connecticut valley and New Jersey, explain in part, the 
curvature of the outcrops of some of the trap sheets. 

An examination of the entire system shows that faulting is as impor
tant an element jn the structure of the Atlantic coast plain as it is in 
tbe Great basin. These two regions have this important difference, 
however: In the Great basin the fault scarps stand in relief and form 
mountain ranges, while along the Atlantic coast the relief bas beeu 
subdued by erosion, and for the most part a featureless plain takes th.e 
place of the mountain uplifts that would otherwise appear. 

It is to be supposed that the faults traversing the Newark rocks are 
but a portion of a great system which affects a large part, and perhaps 
the entire region of metamorphic rocks, in the midst of which remnants 
of the Newark system have been preserved. 

ORIGIN OF FAULT STRUCTURE. 

The only hypothesis that bas been advanced in explanation of the 
characteristic fault structure of the Newark system was proposed by 
Davis,1 in discussing the deformation'of the rocks ofthat system ofthe 

FIG. 3.-Ideal east and west sections of Connecticut valley area previous to deformation. 

Connecticut valley. · Starting with horizontal Newark strata deposited 
on the truncated edges of highly inclined crystalline beds, Davis shows 
that a force of compression, actfng at right angles to the bedding of 
the crystalline rocks, would increase their inclination and cause the beds 
of which they are composed to slip one on another. The eroded surface 
forming the floor on which the Newark beds rest would thus become 
faulted along lines of strike. The faults would be carried upward 
through the superjacent stratified beds, and produce a series of mono
clinal fault blocks, the prevailing dip of which would be in one direction. 

This explanation will be readily understood by reference to the accom
panying diagram (Fig. 3), copied from Davis's paper already referred to, 
in which the Newark strata of the Connecticut valley are shown in the 
attitude they held up _to the initiation of their present structure. Two 
dikes have been introduced, one on the left to show the supposed source 

1 U.S. Geol. Surv., 7th Ann. Rpt., 1885-'86, Washington, 1888, pp. 486-490. 
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of the intruded trap sheets, and one on the right to explain the SP.cccssive 
overflows of trap that appeared at times during the depression of the 
Connecticut valley area and the accumulation of the Newark strata. 
Deposition is supposed to have continued as long as depression was in 
progress, but was stopped when the fundamental schists began to be 
affected by lateral compression. Tlw compression caused the strata in 
the schist to slip one on another, thus increasing their dips, and in 
some instances carrying them over beyond the vertical. 

The result of the compression and slipping of the schistose layers, 
as postulated above, on the stratified beds resting on them is shown in 
Fig. 4. The slabs in the 'underlyiug schists are separated by faults, 
and their beveled edges are canted over at an angle equal to their 
change of dip. The overlying beds, unable to support themselves on 
this uneven floor, have been broken into fault blocks and tilted in a 
uniform direction. 

FIG. 4.-Ideal east and west section of Connecticut VaHey area after deformation. 

The occurrence of reverse faults has also been considered by Davis, 
and their origin explained by a curvature of the underlying schistose 
strata in place of the more regulat' bedding previously indicated, as 
shown in the following diagram: 1 

This attractive hypothesis finds some support outside of the Con
necticut valley area, in the fact that the strike of the numerous faults 
in the New~rk rocks south of Connecticut, is in a general way parallel 
with the trend of the strata in the associated crystalline rocks. The 
actual tracing of faults, however, from the Newark area into 'the adja
cent crystalline, has not beeu done. The most favorable locality for 
Donti::.1uing the study is unquestionably the Wadesboro area, where 
the structure of the crystalline floor beneath the Newark system can 
Je determined with some degree of accuracy, and the conditions for 
~racing faults from stratified to crystalline rocks are better than in any 
Jther area. 

As shown in a preceding section of this pRper, a general stU<ly of the 
structure of the Newark system should include the consideration of the 
origin of the trap dikes and sheets which traverse it. Like the faults, 

1 For a more recent discussion of the struct ure of the Con:necticu t Y:tlley area see an article by J.D. 
Dana, On Percival's map of the Jura-Trias trap belt of central Connecticut, with obsetTations on 
the upturning or mountain-making disturbance of the formation. Am. Jour. Sci., 3d ser., Yol. XLII, 

pp. 439-44 7, Pl. XVI. . 
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these are due to a disturbance and breaking of the strata. While it is 
highly probable that the faulting and injection of igneous rocks are 
portwns of the same process, yet this has not been proved. It may be 
presumed, if the subsidence of the region of accumulation in Newark 
times was due to displacements, as is suggested by marginal faults 
along the borders of certain of the areas, that the contemporaneous 
overflows of igneous rock came to the surface through fissures tluu-, 
formed. Subsequent faulting may have been accompanied by the in
jection of dikes and intrusive sheets. If such an association of faults 
and trap rock can be shown it follows, on the hypothesis of the origin 
of the faulted structure proposed by Davis, that the trap dikes in tl1e 
crystalline area should follow lines of bedding. Observation in this 
connection is very incomplete; but so far as is known the dikes referred 
to do not follow the lines of bedding, but cross them in an irregulal' 
manner. 



OH.APTER IX. 

FORMER EXTENT. 

Considerable diversity of opinion has arisen concerning the original 
extent of the rocks of the Newark system. The conclusions of geolo
gists in this connection fall in two groups: First, those implying that 
the present detached areas of the system are local deposits which were 
originally but little, if any, greater than at present; second, those 
implying that the detached portions of the system as they now exist 
are remants of terranes much larger than any of the areas now re
maining, a very large and perhaps the greater part of the original 
deposits having been removed by erosion. For convenience the com
mon element of the first group of explanations will be called the local
basin hypothesis, and that of the second group the broad-terrane hypo
thesis. 

THE LOCAL-BASIN HYPOTHESIS STA~l'ED. 

This hypothesis has been advanced more or less definitely by a num
ber of writers. 

In describing the rocks of the Newark system about the Bay of 
Fundy, Dawson 1 states that when they were deposited, the form and 
contour of the country already made some approach to what it still 
retains, and that the sedimentary strata were deposited in a bay coin
ciding with the present Bay of Fundy, but a little wider and larger. 

The Connecticut valley area, and ~he much larger NewYork-Virgin~a 
area are also considered by a number of geologists as representing 
about the original boundaries of the estuaries or lakes which became 
filled with sediment during the Newark period. 

This view is expressed by Newberry 2 in an essay on the geological 
history of New York, island and harbor, in the fo1lowing language: 

The trough between the New York axist1nd the Blue Ridge was occupied by water, 
and in this trough the Triassic [Newark] shales and sandstones were deposited. A 
similar trough east of New York, where now is the valley of the Connecticut, was also 
a lagoon or estuary in which similar sediments accumulated. 

These conclusions are again stated in a recent monograph of the fossil 
fishes and fossil plants of the rocks under consideration.3 

1 Acadian Geology, 3d. ed., 1878, pp. 86, 87. 
2 Pop. Sci. Monthly vol, xm, 1878, p. 644. 
1 U.S. Geological Survey, Mon., vol. XIV, 1888, p. 6. 
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Somewhat similar conclusions have been reached by Davis,I and 
be found. in his recent contribution to the study of the structure of 
Connecticut valley region. 

The most definite statement of the local-basin hypothesis that 
been published is Emerson's graphic description of the condition of 
Connecticut valley at the time it received its :filling of sandstone : 2 

If one will picture the broad valley [of the Connecticut] from Pelham across 
Westhampton LMassachusetts] as a half mile deeper than the present river, and 
agine the rocky surface of tho upland as half a mile higher than now, with the 
like channel filled by the fiord waters to a height above the level of Mount Holyoke, 
while the bordering streams swept sand and gravel into the basin and strong cur
rents sprflad the material over its bottom, he will have a rude outline of Triassic 
[Newark] -times in the valley. 

The picture suggested by this clear description is of a plateau region 
cut by a profound canyon a mile in depth, where now the Connecticut 
flows. 

Percival 3 remarks that the two Newark areas of Connecticut are of a 
local, isolated character, each forming a complete system in itself, and 
apparently independent of any more extensive formation. 

Dana 4 has expressed the opinion that the Connecticut valley was an 
estuary during the Newark period, and had its violent floods, which 
may have been for a part of the time enlarged by the water and ice of 
a semiglacial era. J. LeConte 5 also considers the Connecticut valley 
to have been a restricted basin during the Newark p~riod . 

The small Newark areas in Virginia and North Carolina, which con
tain coal, have been regarded as owing their origin to the filling of 
local basins which were swamps during portions of theNewarkperiod.6 

Similar opinions have been expressed more or less definitely by other 
writers, but without making further quotations I will attempt a gen
eral statement of the local-basin hypothesis: 

During _the Newark period the Atlantic border of the continent was 
about in its present position, and the land had about its present relief. 
~hen, as now, there was a Piedmont plain, and jn this plain there were 
long, narrow basins, formed in the region of the Connecticut by erosion, 
apparently, but in the other cases probably by orographic movement, 
which held lakes, or being connected with the ocean, formed estuaries, 
fiords, etc. Into these basins the debris from the adjacent land surface, 
composed of crystalline rocks, was carried and deposited. Since the 
:filling of the basins the strata aCCUJllulated in them have been tilted, 
but beyond this there has been no pronounced orographic movement 
and no very considerable amount of erosion. 

1 U.S. Geological Survey, Seventh Ann. Rept., 1888, pp. 461-462. 
2 In Gazetteer of Hampshire county, Massachusett,;. [_From] 1654---1887. Compiled by W . B. Gray, 

Syracuse, New York. (1888] p.18. 
3 Rept. Geol. of Connecticut, 1842, p. 430. 
4.A_m. J ·our. Sci., 3d ser., 1879, vol. xvn, p. 330. 
5Elements of Geology, ~d ed., 1882, p. 453. 
6 Richmond Coal Fields, Virginia, by \V: Clifford, Manchester [England] Geol. Soc. Trans., vol. xu. 

1888, p. 333. 
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THE BROAD-TERRANE HYPOTHESIS S'l'ATED. 

The former connection of various Newark areas south of New York 
was implied in the explanatiou of the origin of the prevailing dips 
exhibited by these rocks in New Jersey and Pennsylvania, advanced 
by Rogers, 1 in 1840. This author states that the rocks referred to 
seem to have originated in a l0ng, narrow trough, which had its source 
as far south at least as the eastern base of the Blue Ridge in Virginia 
and North Carolina, and probably opened into the ocean somewhere 
near the present position of the Raritan and New York bays. 

The former extension of the .cocks of the Newark system beyond the 
boundaries of the areas now remaining, although suggested by M aclure 2 

as early as 1817, seems to have been first clearly indicated by Kerr,:~ 
who sought to explain the opposite dips of the rocks of the Deep river 
and Dan river coal fields of North Carolina on the hypothesis th~t the 
two areas were formerly united and owe their separation to the upheaval 
and erosion of the belt of country between them, the portions remain
ing being in a general way of the nature of bordering or basal rem
nants of a great anticlinal. 

The union of the various areas south of New York, in which sedi
ments were deposited during the Newark period, into one great estuary 
having its capes at Trenton, New Jersey, and Manhattan Island, New 
York, has been suggested by Lesley.'" 

The hypothesis proposed by Kerr in reference to the former union of 
the Deep river and Dan river coal fields, was received with favor by 
Bradley,5 who extended it to the Connecticut valley and the New York
Virginia areas. Some arguments tending to show that the rocks of 
the Newark system in New Jersey and in the Connecticut valley were 
originally connected were advanced by the present writer several years 
ago, and need not be restated.6 The various areas of the Newark sys
tem in Virginia, according to Heinrich, 7 were formerly connected, and 
their continuity was broken by a slow and unequal movement of tlle 
floor of crystalline rocks on which they were laid down, accompanied 
by the erosion of the elevations thus formed. 

Briefly stated the broad-terrane hypothes'.s claims that the various 
areas of the Newark system now remaining are remnants of much 
broader terranes, and that many and perhaps all of them were origi
nally united. More than this, the hypothesis implies that marked 
orographic movements, -accompanied by upheaval, faulting, and diking, 
llave affected the beds· since they were deposited, and that they have 
sufl'ererl very greatly from erosion. 

1 Description of the Geol. of New .Jersey, final report, Philadelphia, 1840, 12mo., p. 115. 
20bservations on the Geology of the United States, Philadelphia, 1817, p. 41. 
3 Rep. of the Geol. Surv. of North Carolina, vol. r; Raleigh, 1875, p. 141. 
4 Cited in Coal Regions of America, by .J. Macfarlane, 3d ed., Ne-,v York, 1877, p. 512. 
6 Am. Jour. Sci., 3rd ser., vol. xn, 1876, p, 289. 
6New York Acacl. Sci.,Ann., vol. 1, 1878, p. 220-244; also in Amer. Nat., vol. xrv, 1880, pp. 703-712. 
7 Am. lust. Mining Eng., Trans., vol. vr, 1879, pp. 227-274. 
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With this brief statement of the case let us endeavor to determine 
on what facts the two hypotheses rest. 

EVIDENCE FAVORING THE LOCAL-BASIN HYPOTHESIS. 

No definite statement of observations tending to show that the vari
ous areas of the Newark system did not extend much beyond their 
present boundaries has been made and perhaps should not be expected. 
That the various areas are now isolated, and are formed of debris 
derived from crystalline rocks of the same character as those now bor
dering them, seems to be all the direct evidence there is that they were 
originally deposited in independent basins. 

In reference to the Connecticut valley area, W. M. Davis states that 
"its original area was greater than at present, as there has been 
demonstrable loss by marginal erosion, but it is generally thought that 
the loss has not been very great." In continuing the discussion he 
says:1 

We are not, however, confined to this conclusion by a very strong line of argu
ment. The rapid change from finer standstones and shales which generally appear 
in the central part of the formfl.tion to the coarse sandstones and conglomerates that 
characterize the margin is usually cited as implying a narrow limitation of the area 
of the deposits, but it is not yet demonstrated that the finer central strata are the 
equivalents of the coarser marginal layers. The latter may mark localities on the 
advancing shore during submergence that were favorable to the formation of coarse 
deposits, while the former may correspond to a later date of more general submer
gence; moreover, in some cases the finer shales approach close to the present margin 
of the formation. No isolated outliers of the formation have yet been discovered, 
unless the little Southbury-Woodbury area in western Connecticut be so regarded, 
but the region around the area that is still covered by the Triassic [Newark] rocks 
has been elevated to an altitude and during a time sufficient to have suffered much 
loss by post-Triassic erosion. The general freedom of the same surrounding region 
from the igneous rocks so closely associated with the Triassic formation in its vari
ous areas along the Atlantic slope may also suggest its escape from Triassic sub
mergence; but in our present state of knowledge concerning the cause of this pecul
iar association it can hardly be employed in this argument. It therefore does not 
seem impossible that the original Triassic area may have been much larger than the 
present, but the burden of proof lies clearly in those who would contend for what 
now appears to be so far beyond the necessities ofthe case. 

EVIDENCE FAVORING THE BROAD-TERRANE HYP01'HESIS. 

The data on which this hypothesis rests have been presented in the 
preceding pages, and although it is not necessary to reassemble it, we 
may designate the classes into which it naturally falls. First. The 
stratigraphic incompleteness of all of the Newark areas now remain
ing. Second. The presence of marginal faults which have determined 
the limits of so:ne of the areas in certain directions. Third. Evidence 
of great erosion since the Newark rocks were deposited. 

It is well known that when water basins become filled by sediment 

1 Seventh .Ann. Rep. U.S. Geol. Survey, 1888, pp. 461-462. 
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washed in from the shores, the material deposited has an orderly 
arrangement, the coarser portions being dropped near shore, while the 
finer portions are carried farther out. The slow subsidence of a basin 
which is being filled in this way would result in the formation of a basal 
conglomerate with layers of fine sediments superimposed upon it. A 
horizontal section of such a deposit taken at any horizon above the 
basal conglomerate first laid down would show a central area of fine 
material surrounded by a fringe of coarse detritus. 

In no instance in the various Newark areas now remaining does such 
an arrangement appear. Along portions of the margins of some of the 
areas referred to coarse deposits are found, but in other parts of their 
borders the rocks are fine grained and of the nature of off-shore deposits. 
The necessary conclusion seems to be that the terranes now remaining 
do not represent the original extent of the deposits at any stage. 

The presence of faults along the margins of several of the Newark 
areas show that their present limits have, in part at least, been deter
mined by displacement and subsequent erosion. The marginal faults 
referred to frequently bring fine grained Newark rocks in direct con
tact with bordering areas of crystalline rock, thus proving conclusively 
that the original extent of the sedimentary beds was beyond the limits 
indicated by this present outcrop. 

Evidence of great erosion since the Newark period is furnished by 
the topographic relief of the outcropping edges of intruded trap sheets, 
which were originally forced in among the sedimentary beds and cooled 
far below the surface. Since their intrusion, the system has been tilted 
and reduced nearly to a base level by subrerial erosion. To bring 
about the conditions now prevailing very large portions of the original 
deposits must have been removed. 

The occurrence of soft strata of shale and sandstone dipping in one 
uniform direction over large areas, which are now nearly at base level, 
demonstrates that much erosion has taken place. The amount of this 
erosion can not be quantitatively determined, but I think that every 
geologist who has studied the matter will agree with me that many 
hundreds and possibly thousands of feet of strata have been removed 
from the areas in question. This again implies that the areas now occu
pied by the system are remnants of the original deposits. 

The Potomac formation rests unconformably on the Newark, the un
conformity being due to the erosion of the lower rocks previous to the 

• deposition of younger beds upon them.1 There is also evidence that the 
Newark rocks were again exposed to erosion previous to the deposition 
of the Cretaceous. Another elevation of the Atlantic sea border, fol
lowed by a reduction to base level, followed the deposition of the Cre
taceous rocks, and removed them from large areas now occupied by the 

I Three formations of the Middle Atlantic Slope, by W. J. McGee. Am. J onr. Science, 311 series, vol. 
XXXV, 1888, p. 135. 
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Newark system, as has been quite clearly demonstrated by Da · 
During these various stages of erosion when the country, occupied 
part by the Newark system, was being reduced again and again by 
level after upheavals, all of the Newark rocks :1bove the horizon of b 
level erosion were cut away. The port ons now 1·emaining appear 
owe their preservation, as previously stated, to their having 
depressed along lines of displacement below the horizon at which 
rerial agencies could act. 

The considerations mentioned, and some others which are more diffi
cult to state briefly-as the relations of drainage on the Atlantic 
to the Newark areas, and the absence of overflow of volcanic rock on 
crystalline and Paleozoic terranes surrounding the islands occupied 
by the Newark system-all tend in one direction, and furnish cumula
tive evidence tending to show that the Newark rocks wer-e formerly 
much more extensive than at present, and that many of them must 
have been united. 

OBJECTIONS TO THE BRO.A.D-TERR.A.NE HYPOTHESIS. 

Although the broad-terrane hypothesis has met with but a, limited 
number of adherents, only a few specific objections have been made to it. 

N ewberry2 observes that it seems scarcely probable that some thou
sands of feet of Triassic [Newark] rocks, including thick beds of hard 
and resistant trap, should have been so completely carried away from 
the interval of 100 miles now separating the Connecticut valley and the 
New York-Virginia areas that not a trace of them should anywhere be 
left. It should be borne in mind, however, in this connection, that an 
outlier-the Southbury area-does exist in the interval mentioned. 
This area is shown on Pl. nr. It is situated 16 miles west of the west 
border of the Connecticut valley area, and probably owes its preserva
tion to its having been depressed below the plane of base-level erosion 
to which the country has been reduced and to the null!erous sheets of 
trap which traverse it. Whether other trap sheets existed in the 
interval mentioned is not known, and but scanty suggestions that such 
was the case can be derived fi·om such studiesof this area as have been 
made. 

It is implied in the objection cited above, that trap rock is much 
more difficult of erosion than the sandstones and shales with which it 
is associated in the Newark system. Under such climatic conditions 
as now prevail in Virginia and North Carolina this is not the case. 
The trap dikes are there deeply decayed, and frequently so soft., even 
at a depth of 50 feet from the surface, that they can be molded in one's 
fingers like potter's clay. Instead of forming prominent ridges their 
presence is not indicated in the relief of the country. 

Not only are dikes under eertain conditions easy of erosion, but it is 

I The Geographical Development of Northern New Jersey, in Boston Soc. Nat. His t. Pro c., vol. xxrv, 
1889, pp. 2G5-427. 

2 The Geol. Hist. of New York Island and Hctrbor. Pop. Sci. Monthly, vol. xm, 1878, p. 646. Also 
lJ, S. $l-eol. Survey, Monograph vol. xrv, l S:::1. ~, , ::, 
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an accepted principal in geology that the amount of erosion in any 
region depends on time and opportunity rather than on lithological 
conditions. Were the rocks of the Newark system, including thick . 
sheets of trap, elevated suffiCiently to secure rapid transportation, their 
erosion would be certain. The laws of subredal decay and erosion apply 
to hard as well as to soft rocks; the length of time required for the 

· removal of hard beds is great, but is not infinite. 
The Cretaceous rocks of Long Island, it has been observed by New

berry,1 rest directly on the crystalline schists, with no trace of the 
Newark system between. It is claimed that "this wonld indicate that 
the Trias [Newark] of the New Jersey basin never reached over that 
portion of the divide." 

On a previous page of this paper I have cited evidence which shows 
that the rocks of the Newark system were upheaved and eroderl to a 
base level before the deposition of the Potomac formation or·the Cre
taceous. Beneath portions of the Cretaceous·of New Jersey, near its 
western border, as has been shown by Cook,2 only a few feet of New
ark sandstones and shales intervene between the Cretaceous and the 
crystalline rocks. This remnant is of fine material, not a coarse shore 
deposit. The absence of the Newark system in a similar position on 
Long Island seems clearly to indicate that the pre-Cretaceous erosion 
was there a little more complete than at the locality referred to inN ew 
Jersey. 

The conclusion that there was a line of elevation through New York, 
Trenton, etc., after the Newark period and befor~ the deposition of suc
ceeding formations, certainly seems to be warranted from our present 
knowledge of the region. That this line of elevation has undergone 
post-Cretaceous movement is indicated by the present attitude of the 
Cretaceous beds. 

CONCLUSION. 

My conclusion from a study, not only of the writings of all who have. 
published on this subject, but from personal observation, is that each of 
the Newark areas was originally much larger than now, and that there 
is a strong probability that all of the areas between Massachusetts and 
South Carolina were originally united. It is quite possible, also, that 
this great area was connected with the Acadian region, but observa
tions to support this hypothesis are wanting. 

I U.S. Geol. Survey, Monograph vol. XIV, 1888, p. 6. 
2U, S. Geol. Survey, Monograph vol. rx, 1885, p. x. See also record of wells at Perth Amboy, N.J. 

Geol Survey of New Jersey, Ann. Rep. for 1885, p.lll. 



CHAPTER IX. 

CORRELATION. 

GENERAL PRINCIPLES. 

The phenomena by means of which the relative age of terranes may be 
more or less definitely determined are of two principal classes, physical 
and biological. 

PHYSICAL PHENOMENA AS A BASIS OF CORRELATION. 

The physical evidence on which strata may be correlated is of varied 
character, but in general may be classed in the divisions given below: 

Superposition.-The simplest case in which the relative age of strata 
may be determined is when they are comformably superposed one upon 
another. The highest in the series is then the youngest. The relative 
position of beds as is well known may be modified or even reversed by 
folding, faulting and overthrust, and in the correlation of strata by 
vertical sequence these modifying conditions have to be eliminated. 
Overflows of volcanic rocks and ejections of volcanic ash may play the 
role of sedimentary beds and form a time record by means of which 
the relative age of terranes not themselves in contact may be deter
mined. 

Contained fragments.-One series of rocks may contain recognizable 
fragments of another series. Manifestly the strata containing such 
fragments are newer than the strata from which they were derived. 
This is a common means of determining the relative age of conglomer· 
ates and is applicable a.lso in some im;tances to volcanic rocks. 

Relation to systems of folds,faults and dikes.-Tbe relative a.ge of rock 
series not in direct con tact may sometimes be shown by their mutual re
lation to widely spread geological structure. For example, in the Appa
lachians a characteristic structure bas been impressed upon the strata 
from the Coal-measures downward; consequently any rocks in this region 
not affected by the corrugations characteristic of the Appalachian struc· 
ture, may be assumed to be of later date than the Coal-measures. In a 
similar way the relation of strata to a well determined series of faults 
or to a persistent system of dikes may be of service in indicating their 
relative age. 

Relation to unconjor1nities.-.A series of rocks resting unconformably 
on a lower series in one region and conformably on a lower series in 
another region, the relative age of the two lower series may be inferred. 

lOS 
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In such an instance the lower bed conformable with the upper would 
be expected to be later than the unconformable lower series, for the . 
reason that great unconformities result from slow changes and are wide 
reaching in their effects. They leave a record which ·provisionally, at 
least, may be used as a time record. The conditions here postulated, 
while serving as a suggesti,)n to the field geologist, would requireaddi
tional evidence before being aqcepted as a definite mean~ of correlation. 

Relation to glaciat,ion.-Widespread glaciatiou, by leaying cllaracter
istic records, enables the geologist to separate the beds deposited before 
its occurrence from those of subsequent date. 

Lithological similarity.-The identity in age of various strata is some
times suggested by their lithological similarity, but this is an uncertain 
indication, and except in regions of limited extent is apt to lead to 
erroneous conclusions. The lithological character of clastic rocks may 
depend on the physical conditions under which the debris compoi!iing 
them was formed. For example, the conditions which influence the 
disintegration of rocks are wide-reaching, and the characteristics of 

· the rocks resulting from the assorting and deposition of such debris 
may be sufficiently constant over wide areas to be of assistance in 
determining relative age. To illustrate, the rocks forming the surface 
may suffer decomposition over a region of broad extent, and the result
ing debris acquire certain characteristics, as a uniform red color, for 
example, due to the incrustation of ferruginous clay on the grains com
posing it. The removal and deposition of this incrusted material might 
produce rocks of similar appearance over broad areas and even in sep-
arate basins. · 

Rocks subjected to heat, pressure, crust movement, etc., have fre
quently acquired a schistose structure, due to rearrangement of the 
mineral matter composing them-that is, they are metamorphosed. 
Such alterations have been used as a basis for deciding on the age ·of 
strata, nearly all metamorphosed rocks having formerly been considered 
as Archean; but it is now known that strata of any age may have 
undergone the changes referred to above. Conditions may be postu
lated, however, under which metamorphism might be of service in 
determining the relative age of terranes. For example, a metamor
phosed terrane may be considered as the record of a wide-reaching 
physical and chemical change, thus making a definite time record. 
Terranes found by contact or by contained fragments to be younger 
than the metamorphosed terrane may be assumed to be younger than 
other terranes with whiel1 they a1 e not in contact, but which can be 
proved to be of the same age a:-; or older than the metamorphosed ter
rane. True, the metamorphism of even the same stratum might not be 
confined to a single period, but to the field geologist such au associa
tion as suggested above would furnish a working hypothesis to be 
proved or disproved by additional evidew~e. 
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Summary concerning physical phenomena.-Besides direct contact of 
t.erranes and the evidence furnished by included fragments, which are 
the most definite means of correlation, the relative age of the elements 
in a geological series may be determined more or less accurately by their 
relation to physical events which were wide-reaching iu their effects; 
among these the most common are folding, faulting, diking, volcanic · 
eruptions, metamorphism, and glaciation. The degree of confidence to 
be placed on correlations depending on relations to these phenomena 
must be determined by the nature of the evidence in each ~ase. Close 
correlation of strata, except by contact and unbroke:1 stratigra,phical 
succession, is not possible by means of the relations here indicated, but 
when these various methods are taken iu connection with other records, 
they become important. 

Chemical phenomena considered.-The classification of volcanic rocks, 
spring deposits, precipitates from inclosed Jakes, etc., according to 
their chemical composition, is fruitful of results, but is foreign to the 
present discussion. The hemical changes involved in disintegration, 
decomposition, lithification, etc., may be included under lithological char- • 
acters. In the lithological comparison of clastic rocks their mineralog·i
cal and chemical characteristics are considered, but the classification of 
strata with reference ·to relative age, on purely chemical grounds, has 
not been found practicable. 

A sequence in chemical changes might accompany the cooling of a 
molten globe and result in the formation of a stratified crust having a 
definite ~hemical arrangement, but that such was the case with the 
earth has not been determined. 

In the correlation of ordinary sedimentary beds chemical may be in
cluded with physical phenomena, and need not be separately discussed 
at this time-. 

LIFE RECORDS AS A BASIS OF CORRELATION. 

The study of fossils bas shown that life began on the earth in low, 
simple forms, and progressed with unbroken continuity thro_ughout all 
subsequent geological ages, with the production of higher and higher 
forms and greater and greater specialization as it advanced. During 
this development many forms became extinct and were succeeded by 
other forms. The length of time during which individual species were 
persistent was sometimes short and at other times embraced geological 
ages: sometimes they even extended throughout nearly the entire life 
history of the earth. Biology thus furnishes a record extending from 
the dawn of life to the present clay, by means of which the relative 
dates of various physical changes may be more or less definitely deter
mined. It has been assumed that this record affords a ready and in
fallible means of determining tlw age of all rocks in which organic 
remains occur. This seemingly simple and direct method of correlaiion, 
however, has many limitations which it will be well to glance at before 
attempting to apply it. 
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Imperfections of the geological record.-Throughout the time that life 
has existed on the earth there has been ]all(':J_ and water, and the land, 
wherever it appeared, has been subjected to disintegration and erosion. 
The debris thus formed has been carried Into the sea and into lakes and 
contributed to the formation of sedimentary deposits. In these depos
its the remains qf plants and animals have been buried and preserved. 
Large portions of the strata with these records impressed upon them 
have been raised above the ocean and subjected to denudation, and the 
material removed from them contributed to the formation of later 
deposits, in which other life records were preserved. In many cases 
these later deposits were, ·in their turn, upheaved and another cycle of 
erosion and deposition initiated. In this way large portions of the 
material composing stratified rocks has been worked over and over and 
large portions of the life records obliterated. Again, large portions of 
the sedimentary rocks have been metamorphosed and all their fossils 
destroyed. In other instances the strata have been subjected to pres
sure and to the passage of solutions through them, and their organic 
records crushed and obliterated or removed in solution. The lack of 
dense tissues In many animals and plants renders it evident that the 
preservation of any records of their existence, even under the most 
favorable conditions, must be an extremely rare event; for this reason, 
if for no other, our knowledge of past floras and faunas must always be 
incomplete. 

The life records, as we now find them, are also imperfect, owing to 
the fact that many animals and plants, especially those inhabiting the 
land, did not live in situations where their remains were likely to be 
preserved. The deep sea, also, has its fauna, which, owing to the slow- · 
ness with which sedimentation takes place in the depth of the ocean, 
and to the persistence of oceanic basins, is even of rarer occurrence in 
a fossil condition than the fauna of the land. The animals whose 
remains are most frequently found in the rocks are those that inhabit 
the littoral zone, where sedimentation has always been the most active 
and where slow subsidence is frequently in progress. 

In these several ways, and in others that might be mentioned, the 
records of the succession of plant and animal life found in the rocks 
are incomplete and fragmentary. It is not necessary at this time to do 
more than glance at this subject, as it bas been ably treated by many 
writers, especially by Darwin, and the term "incompleteness of the 
geological record " has acquired a well understood meaning. 

imperfections of our knowledge of the geological record.-Besides the 
incompleteness oJ' the geological recoTd itself, there is the incomplete
ness of our knowledge of that record, such as it is, which must be con
sidered in attempting to generalize upon the life history of the earth 
as now known. No better proof that our knowledge of the geological 
life record is incomplete can be asked than the volumes on paleobi
ology filled with descriptions of new forms of life which appear from 
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year to year in increasing instead of diminishing JJumbers. 
· tions in all parts of the earth are constantly bringing to light not 

new species but new genera and new families, while our knowledge 
the distribution of forms already known is constantly being m 
and extended. 

The fact that the greater part of the earth's surface is occupied 
the sea shows that large portions of the life record lie so com 
beyond the limits of search that man can never hope to see them. 
it is remembered, also, that large portions of the land surface of the 
earth are geologically unexplored, and that new fossils are being 
from year to year in those portions most thoroughly examined, the im
perfections of our knowledge of the imperfect geological record becomes 
apparent. 

Influence of distribution on the life records.-The usefulness of the life 
history of the earth as a means of correlating geological terranes is 
further complicated by a principle inherent In life itself; that is, 
opment has been in progress but has not taken place uniformly over 
whole earth, but with local modifications depending upon local LHnn..-... n_ 

ment. 
Whether life began at one or many centers there is no definite proof, 

but assuming as the simplest postulate that it spread from one center and 
during the lapse of ages expanded over the whole earth, advancing at 
the same time to higher and higher stages of development, the specific 
forms in various regions would, according to the principles of natural 
selection, be influenced and modified by the local conditions under 
which they live. Under similar conditions in various regions more or 
less similar forms would appear. The modified forms thus arising 
would, in their turn, originate new centers of distribution and lead to 
the establishment of distinct colonies, from which in their turn, again, 
new forms would be propagated. 

The laws of development now accepted by biologists render it evi
dent that life has not been uniform, the world over, at any one period; 
hence if sedimentation had been continuous over the whole earth, the 
organic remains entombed at any one time would have been diverse 
in various regions. We know from the distribution of organic forms at 
the present day that variations in temperature, changes in the charac
ter of the sea bottom, the abundance or scarcety of food, and many 
other conditions determine the character of the organic remains now 
being imbedded in sediments. Even in different portions of the same 
strata within limited areas the organic forms are diverse. These con
siderations and others that might be enumerated seemingly indicate 
that the life record has too many modifying conditions to render it 
available as a basis for geological correlation. 

On the other hand, it may be urged that development in many in
stances has been exceedingly slow and that genera and even species of 
plants and ~nimals, especially in the earlier stages of the earth's his-
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tory, became widely spread, and hence afford a means of determining 
what strata were deposited at more or less definite periods in the life 
history. Taken in its general meaning, this proposition can not be ad
vantageously disputed. It has beeu shown, however, that the appear
ance and disappearance of tbe same species or the same genera in 
widely separated regions could not have been the same. Species, and 
even genera and families, might become extinct in the region where 
they first appeared long before their migrations had carried them to 
distant regions. Hence the discovery of identical fossils in the rocks 
of two widely separated regions is not considered as proof of their 
identity in age, except within certain broad limits. This subject was 
long ago discussed by Huxley, who showed that rocks containing the 
same species of fossils at widely separated localities, while not neces
sarily of the same age, hold homologous positions in relation to the 
development of life, and proposed the ·word "homotaxis" in place of 
the term" contemporaneity" frequently used. 

The life record continuous.-The value of paleontological evidence as a 
means of geological correlation may be considered in another way. As 
previously stated, the life current has been unbroken from the time of its 
first appearance to the present day. Development from a humble . 
beginning has led to the gradual productions of higher and higher 
forms and an equally gradual extinction of species, genera, etc. It is 
thus evident that if a complete and unbroken record of the life history 
of the earth had been preserved, it would be cont!nuous, without 
sharply defined natural divisions, from end to end. It may be asked, 
how is it possible in such a record to draw the lines connecting groups, 
systems, series, etc., as at present understood~ Where would the 
limit between Paleozoic and Mesozoic, or between Mesozoic and Ceno
zoic, occur~ 

As a matter of fact, the physical breaks 'in the life record have been 
the principal means of establishing divisions in the scale. The greater 
the imperfections of record, the more important have been the divisions. 
In various land areas this system has been found not only practicable 
but highly advantageous. Next to vertical sequence of terranes, it IS 

without question the m()st valuable means of correlation available. It 
has been assumed, however, that the breaks in the life records in one 
region agree in time with similar breaks in distant regions. Here lies 
the principal objection that can be raised to the manner in which the 
method has been applied. 

This brings us to the consideration of the standard of geological cor
relation first used. 

The European standard.-The fact that the life record of terranes in 
widely separated regions, although perhaps containing the same species 
of plants and animals, can not be considered as contemporaneous, 
except in a very broad sense, has already been referred to. We have 
also seen that even in regions of limited extent the lithological char-

Bull. 85-8 
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acters frequently of the same stratum undergo important changes and 
are accompanied by changes in the fossils found in it. When we add 
to these the further considerations that the rock series in no two 
regions can reasonably be expected to have the same sequence or to 
have been subjected to the same conditions of sedimentation, or affeeted 
by the same physical breaks, it is apparent that neither the succession 
of organic forms nor the succession of strata found in one region can be 
expected to occur in the same sequence in other regions. Hence the 
fallacy of assuming that the succession of life, the succession in sedi
mentation, or the physical breaks in any one region can be adopted as 
a rigid standard for comparison in other regions becomes apparent. 

That geology was first studied in Europe is an accident so far as cor
relation is concerned, by which the succession of fossils and of strata 
there found have been assumed by many as a standard for all otp.er 
regions. The error of this assumption has been pointed out by many 
writers, but the practice of attempting a detailed correlation of the 
rocks of distant regions with those of Europe, on the evidence furnished 
by fossils, sometimes of very indefinite character, is continued. Tlle 
history of the numerous and persistent attempts that have been made 
to correlate the strata of America with those of Europe, even down to 
the smaller divisions of the scale, on the evidence indicated above, is a 
chapter of confusion, controversy, and failure. No better example of 
the diverse conclusions arrived at when such correlations are attempted 
can be asked than the history of the discussions that have occurred 
over the correlations of the Newark system, some account of which is 
given in the succeeding pages of this paper. 

An essay on the flora of the Richmond area has come to hand, which 
illustrates the method followed by many paleontologists in attempting 
to correlate widely separated terranes. The paper referred to is a re
view of Fontaine's Monograph on the Older Mesozoic Flora of Virginia, 
by Stur,I director of the geological survey of Austria-Hungary, but 
contains also the results of an examination of a box of fossil plants from 
the Richmond area sent to him for comparative study. As determined 
by Stur, many of the foE?sil plants from the Richmond coal mines are 
specifically identical with those occurring in the Lettenkohlen group of 
Germany. The confidence placed in this evidence as a basis for de
tailed correlation between terranes of America and Europe is expressed 
in the following translation of an extract from the paper referred to: 

From the foregoing it becomes evident that even on the first comparison, made 
with no great care, between a box of American specimens and our specimens in hand, 
Clover Hill on the one hand and the Lunz sandstone on the other1 have a great num
ber of plant species in common, and should, therefore, be regarded as contemporane
ous, particularly as most of the species that have thus far been regarded as pecu
liarly Virginian, are precisely the ones found at Lunz. The species enumerated, 

1 Die Lunzer (Lettenkohlen) Flora in den" older Mesozoic beds of the CoalFiehl of eastern Virginia." 
In Verhandlunge~ der k. k. geologischen Reichsanstalt, ·Nr. 10, 1888, pp. 203-217. The passages quoted 
were translated by Robert Stein, of the U.S. Geological Survey. 
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however, show also that Clover Hill comprises, besides the Lunz sandstone, also a 
part of the flora of the bituminous slate of Raibl (p. 211). 

Thus we have recognized in the coal field of Richmond representatives of the '-'T eng 
slate, the Aon slate, the Reingraben slate, the bituminous slate of Raibl, and the 
Lunz sandstone, that is, the equivalent of the Lettenkohle group of Germany. 

What lies under it should represent the German Muschelkalk, possibly also the 
the Bunter Sandstone, while the roof of the Richmond. Coal-measures shonlcl repre
sent the German Keuper. 

This remarkable result, furnishing a starting point for continued. studies of the 
deposits that have been compared and identified and declared contemporaneous, 
could be obtained only through the assistance of our Washington geologists * * * 
(p. 212). 

The result obtained is of a nature to set forth the utility of the procedure employed 
in this case. 

I must :Uot allow this occasion to pass without drawing further conclusions from 
the results obtained; that the flora of the Lunz strata, that is, of the Lettenkohle, 
appears in perfect identity at Richmond, Virginia, at a vast distance from the north
ern margin of the Alps. 

This shows * * * that as late as the time of the Lettenkohle, the species of 
the flora then prevailing possessed an enormously vast distribution on an area of 
whose dimensions we may form an idea by drawing an air line drawn between Vienna, 
Germany (Lettenkohle), and Richmond, Virginia (p. 212). 

Near the end of the essay, another passage, bearing on the correla
tion of American terranes, reads as follows: 

* * * I am convinced that shipments of plants from the American Culm and 
Carboniferous, which may possibly be sent to me, will enable me to demonstrate the 
various divisions and series of strata in that country, just as I was enabled, by the 
shipment of Lunz plants from Richmond, to define the age of the Older Mesozoic 
flora on the James nver in Virginia (p. 216). 

Concerning the actual identity of many of the plants of the Newark 
system with thQse of the Lettenkohlen I am not able to offer an opinion; 
but such an exceptional occu.rrence, it seems to me, should be fully veri- _ 
:tied before being used as the basis for detailed correlation. If a large 
number of the plants of theN ewar k and of the Lettenkohlen are identical, 
is it necessary to conclude that they were contemporaneous¥ A.s already 
stated, it has been pointed out by Huxley and others that, even if the 
fossils in widely separated regions are of the same species, it does iwt 
follow that they lived at the same time. Their identity indicates a 
similar position in the geological scale, and nothing more. To go beyond 
this, and conclude that beca.use of the occurrence of plants in the Rich
mond area identical with those of the Lunz sandstone the strata above 
the plant-bearing beds in the former region should be referred to the 
Keuper, and those below to the Muschelkalk, is to grant certain assump
tions the verity of which is more than questionable. One of these as- • 
sumptions is that sedimentation progressed in the same order in the 
Virginia region that it did in Central Europe. This implies that eleva
tion and depression of the earth's crust producing changes in sedimenta
tion occurred synchronously in the areas referred to. Such a coincidence 
is far from probable, and, even. if it did occur, is not a logical basis for 
correlation. Such considerations, and the fact that the Newark after 
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prolonged study has not been subdivided, so as to correspond with 
portion of the European standards, point to the absence of a 
basis in the method of correlation indicated in the above quotations, 
and render it evident that we must be skeptical as to the accuracy of 
the very definite conclusions there reached. 

That the strata of each separate land area should be studied and 
correlated so far as possible among themselves before ~ttempting any
thing more than the most general correlation with the strata of other 
land areas is, in my opinion, well illustrated by the example just cited. 

That even the groups found on this continent can not be definitely 
correlated with those of Europe, has been pointed out especially by 
White 1 in an essay on "The North American Mesozoic." It is there 
shown that the Chico-Tejon series of the Pacific coast, containing a 
well characterized Cretaceous fauna and an equally well characterized 
Tertiary fauna, has intermediate beds in which there is no strati
graphic break. The same principle is again illustrated in New Mexico, 
where an unbroken succession exists between Paleozoic and Mesozoic 
groups. Other instances of similar transitions between groups shown 
by their fossils to be closely similar to certain great divisions of Euro
pean rocks, are known in India and New Zealand. These instances 
illustrate the fallacy of assuming that the life record or the stratigraphic 
sequence, in any two regions is the same. They show, too, the im
possibility of applying an inflexible standard of classification de
termined from a study of the rocks and fossils of one region to the 
rocks and fossils of another region. This matter could be still further 
discussed and illustrated, did it seem advisable, but enough has prob
ably already been said to indicate the weakness of the system eriti
cised. The question, What is the most practicable method of correlat
ing the terranes of widely separated regions, is still a matter for discus
sion. 

PRINCIPLES ON WHICH WIDELY SEPARATED TERRANES MAY BE 

CORRELATED. 

Of the physical and biological phenomena cited in the last few pages, 
by means of which terranes may be correlated, it is evident that the 
only infallible method capable of general application is based on the 
contact of strata. Sedimentation has gone on ever since life existed 
on the earth, but no universal sheet of sediment has been spread out. 
On the contrary, continuous sheets of sediments of like kind are fre
quently restricted to comparatively smaU areas. This is well illus
trated by the manner in which sediments are now being deposited along 
the Atlantic border of America. These have recently been mapped by 
Alexander Agassiz from data obtained from soundings, and classed in 
thirteen divisions, ranging from the sa~ds and clays of the littoral zone 

1Am. Assoc. Adv. Sci., Proc., vol. XXXVIII, 1889, pp. 205-226. 
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to the ooze, and the red clay of the deep ocean, and in each deposit 
characteristic life forms are being entombed. 

Moreover, in no region has sedimentation gone on without many 
changes and many breaks from the dawn of life to the present time, 
as is abundantly proved by the generally fragmentary condition of the 
geological series. 

These considerations show in a general way, and without taking 
account of orogenic disturbances, that the sedimentary strata of which 
the earth's crust is largely composed may be considered as a series of 
irregular lenticular sheets, some of which are piled in an orderly 
sequence; others touch only on their edges; others are completely sep
arated and connected by intermediate layers by which their relative 
age may be determined; others still have no physical connection, and 
their relative age must be determined by other means. The correlation 
of these various strata the world over is one of the problems that 
geologists have before them. What is the most practicable way of 
accomplishing the task~ 

In order to arrive at a general scheme of geological correlation for 
the whole earth it seems evident that each separate land area should 
be studied by itself and the sedimentary strata composing it arranged, 
so far as possible, in the order of their age as determined by physical 
relations. 

When correlation by contact and relation to physical phenomena 
shall have been determined for the terranes over a large part of the 
separate land areas of the earth, and their corresponding life records· 
determined, the correlation of these various fragmentary histories, with 
the object of determining the life history of the earth, may be prac
ticable. Evidently the correlation of the strata f?rming separate land 
areas can not be made by contact, and it is doubtful if the relation of 
the strata to widely reaching physical phenomena will ever be valuable 
for this purpose. The only resource, therefore, is the comparison of 
life records. The great advances that have been made in paleontology 
are such as to indicate that when the life records of all the continents 
shall have been studied independently, and the strata in each corre
lated by contact, so far as possible, there will result a sufficient body 
of facts to enable paleontologists and geologists to formulate a some
what complete history of the progress of life on the earth, showing the 
special modifications in various regions. Such a standard, when well 
advanced toward completion, could be used for the determination of 
the homotaxial relation of the terranes in various regions, and would 
serve as an important factor in determining what general scheme ot 
classification is most advantageous for showing the approximate corre
lation of the more important rock series. But not until the relation of 
the systems composing the various continental land areas shall have 
been determined, so far as practicable, by contact and the character of 
their faunas and :floras ascertained, can we hope to have a biological 
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time scale by means of which the position of the rock systems form
ing various continents can be adjusted. Even when this ideal stage is 
reached it will probably be found that the correlation, even of systems 
in widely separated regions, will still be general and not specific. 

In studying the geology of any region, the primary aim should be to 
establish the succession of rocks there found by means of their relation 
to each other and to wide-reaching physical phenomena. At•the same 
time the varied physical events recorded in the rocks should be inter~ 
preted and their organic remains carefully studied. The fossils from 
various natural subdivisions should be preserved. separately and sub
mitted to the zoologist and botanist for the determination of their place 
in the zoological and botanical series. In all cases the relative age of 
the various faunas and floras should be determined by the relation of 
the strata containing them, and not the relation of the strata except in 
a general way and after many fossils have been collected from the 
contained organic records. 

MANNER IN WHICH AMERICAN TERRANES HAVE BEEN CORRELATED, 

From the beginning of geological investigation on this continent to 
the present time, one of the primary and immediate ends that many 
geologists have had in view was the close correlation of the terranes 
found here with those occurring in Europe. This correlation has fre-

. quently been attempted on the basis of a large number of fossils either 
specifically or generically identical with those found in Europe. In 
other cases but few fossils have been obtained, but great weight has 
been given to these in deciding on the age of the beds in which they 
occur. In still other instances mere lithological resemblances have 
been used as a basis for correlation. Again, in many instances, opinions 
have been expressed as to the position of our terranes in the European 
scale, and European names adopted in geological treatises and on 
geological maps, without any statement whatever of the facts on which 
the correlations were made, or of the principles of correlation which led 
to a decision. The result is that European names have been fastened 
especially on the larger divisions of the geological column, without 
adequate proof that the groups, systems, series, etc., thus designated 
correspond, ·except in the most general way, with those bearing similar 
names across the Atlantic. As the larger divisions in the geological 
column are supposed to be determined by great unconformities, or by 
almost complete breaks in the organic records, it is by no means prob
able that these lines of demarcation coincide in age with the dividing 
lines in the European standard. Who can say, for instance, that · the 
upper and lower limits of the Americau Silurian or of the American 
Devonian corresponds to the upper and lower limits of t~e divisions 
bearing these names in Europe. The lif6 histories of these groups 
. undoubtedly coincide in a general way with the life histories of the 



RUSSELL.] PRINCIPLES OF CORRELATION. 119 

similar groups in Europe, and in this sense their position is deter
mined. But when the principles of cc:rrelation are carried to the smaller 
divisions in the column, as many geologists and paleobiologists have 
attempted to do, failure has resulted. 

The firm manner in which the European names have been fastened 
to the American rock series compels their use at present, but always 
with a mental reservation that they do not strictly coincide with the 
t~rranes for which they have been named. As an example, t.he reel 
beds of the far West and the strata immediately above and below them 
may be cited. These terranes have been classified as Permian, Tri
assic and Jurassic, and will have to be spoken of under these titles, 
g,lthough we know that their natural divisions are not the same, and that 
they can not be correlated except in the most general way, with Euro
pean systems. It would have been just as logical to have named the 
strata referred to after terranes bearing somewhat similar fossils in 
Asia, Africa, or New Zealand as it was to give them the names by 
which they are now known. It is in fact only after the biological suc
cession in these and other land areas shall have been worked out and 
compared that anything like a geological history of the earth can be 
written. 

The correlation of the terranes of one with those of another land 
area is a matter for special consideration, not in the initiative, but in 
an advanced stage in the study of its geological history. 

The adoption of the name "Newark system," proposed by Redfield 
for the great deposits of sandstone, shale, etc., along the Atlantic 
border, which form a sharply defined system, limited above and below 
by great unconformities, is an attempt to break away from the prac
tice of correlating our strata with those of Europe on indefinite evi
dence and by illogical methods, and is a move toward the establish
ment of a definite American standard based on a natural system. 

In thus venturing to indicate what I consider errors in the method 
commonly employed in correlation, I do not wish to be understood as 
attempting to detract in the least from the great importance of the 
study of the fossil plants and animals. On the contrary, I have the 
highest admiration for the grand results that have be~n reached in this 
direction, and wish to see the work continued. The value of fossils as 
a practicable means for correlating strata, after their relative age has 
been determined by superposition, is well established and thoroughly 
appreciated by every working geologist. It is, perhaps, possible that 
the life history of the earth is now sufficiently well known to be used 
at least tentatively in establishing the homotaxial position of terranes 
in widely separated areas. By applying and correcting the standard 
from time to time, more precision in the divisions of the scale will result. 
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CORREL.A.'l'ION OF THE NEW ARK SYSTEM. 

In the Acadian area the rocks of the Newark system rest unconform
ably upon the Carboniferous as has been determined by Dawson. 1 In 
the Connecticut valley the system is underlain unconformably by meta
morphosed and crystalline rocks, believed to be in part of lower Sil 
age. In the northern part of the New York-Virginia area the rocks be
neath the Newark are also crystallized and their age as yet undetermined. 
In the southern portion of the western border of the system in New 
Jersey, however, the Newark rocks re::;t unconformably upon Silurian 
limestone, as has been determined by the Geological Survey of New Jer
sey, and a similar relation exists in Pennsylvania. In Maryland the 
rocks beneath the Newark system are in part Silurian and in part meta
morphosed and of indeterminate age. Through all of the Newark areas 
south of the Potomac, the system rests unconformably upon more or 
less metamorphosed rocks, the ag·e of which is as yet undecided. 

As pointed out by Rogers, the Newark system in Pennsylvania is un
affected by the crumpling and folding impressed upon a large portion 
of the Appalachian region, and hence is of later date than what is known 
as the" Appalachian structure." As this structure was produced after 
the deposition of the Coal-measures, the relation of the Newark system 
to this crust movement is proof that the system is younger than the 
Carboniferous. This conclusion, as we have seen, is sustained by the 
unconformity between the Newark system and Carboniferous rocks be
neath in Nova Scotia. 

The nature of the unconformity at the base of the Newark system 
throughout is not only proof that the system is of younger date than 
the rocks on which it rests, but is evidence that a long period of ero
sion intervened between the deformation of the underlying beds and 
the depositions of the superior system. 

The next series of rocks deposited in the Atlantic coast region after 
the Newark is the Potomac. As described by McGee, 2 this formation 
in Pennsylvania and New Jersey rests in part on the eroded edges of 
tilted Newark strata and on truncated trap dikes which traverse it. 
The unconformity between the Newark system and the Cretaceous rocks 
resting upon it along its eastern border in New Jersey was determined 
also by the Geological Survey of New Jersey. In Virginia the Taylors
ville and Richmond areas are overlain unconformably by the Lafayette. 
_ On the eastern edge of the Deep river and vY adesboro areas in 
North Carolina, there are sands of Tertiary or more recent date, which 
rest upon the eroded surfaces of the rocks of the Newark system. The 
presence of the Potomac formation in this region, resting unconform
ably upon the Newark, is also suspected, but has not been definitely 
determined. 

• Acadian Geology, 3cl ed., London, 1878, pp. 86-113. 
2 Three formations in the middle of the Atlantic slope. In Am. Jour. Sci., 3d ser ., vo}. xxxv, 1888, pp. 

18i-lil6. 
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The evidence furnisheu by the formations resting unconformably 
upon the Newark system is such as to prove that the rocks of that 
system were upheaved, faulted, diked, and subjected to decay and deep 
erosion before the oldest of the overlying formations was deposited . 

.A. long interval of land conditions, during which crust movements on 
a grand scale as well as decay and erosion took place, intervenes both 
between the Newark system and the rocks on which it rests~ and between 
that system and the rocks which rest upon it. 

So far as stratigraphy can be used in determining the age of the sys
tem, it proves that it is younger than the Carboniferous rocks of the 
.Atlantic coast region, from which it is separated by a period of erosion, 
and older than the Potomac formation, from which it is also separated 
by a period of erosion. 

There are no other terranes in the eastern part of the United States. 
falling in the interval which is shown by stratigraphy to be occupied 
in part by the Newark system, and there is, therefore, no necessity at 
this time for discussing the homotaxial relation of that system to neigh
boring terranes. 

RELATION TO TERRANES IN THE WESTERN PART OF THE UNITED STATES. 

There are several rock series in the Rocky. :Mountain region which 
have been shown by their stratigraphic relations to be intermediate 
between the Carboniferous and the Cretaceous. These have been 
referred to the Permian, Triassic, and Jurassic of Europe, on account 
of their stratigraphical position and the nature of the fossils which they 
contain. The accuracy of this correlation or the character of the evi
dence on which it rests, it is not necessary to discuss at this time. There 
is no physical connection between the Newark system and the terranes 
just referred to, by means of which their relative age can be determined. 
Only a few fossils have been found common to the two systems, and 
hence there is no adequate basis for close correlation . 

.A. few plants collected by Newberry 1 at .Abiquiu, New Mexico, were 
determined by him to be specifically identical with fossil plants found 
in the Newark system in Virginia and North Carolina. From this 
evidence it is believed by Newberry that the plant-bearing beds in the 
two areas referred to are of about the same age, and correspond with 
the upper Triassic of Europe. The similarity in age between theN ewark 
system and the terrane at .Abiquiu, New Mexico, is indicated also by 
specific identity of the silicified wood found in the two regions, as has 
recently been determined by Knowlton.2 

.A. few fossil bones obtained by Cope, from the so-called Triassic rocks 
of New Mexico, have been determined by him to be closely allied to the 

1 U. S. Geol. Surv., Monograph vol. xrv, pp. 14-15. See also by the same author, Report of the Ex
ploring expedition from Santa Fe, N.Mex., to the junction of the Graml and Green rivers of the great 
Colorado of the West, in 1859, under the command of J. N. Macomb. Washington, 1876, pp. 141-148, 
pls. 4-8. 

2 .Ante, p. 29. 
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reptilian remains of the Newark system, and in 
to the upper Trias of Europe. 

[BULL. 

The rich reptilian and mammalian fossils discovered by 1\Iarsh at 
Como (Aurora), Wyoming, near Canyon City, Colorado, and at other 
points in the Rocky Mountain region, from so-called Jurassic rocks, are 
considered by their discoverer to be of younger date than the Newark 
system. 

Other vertebrate fossils collected in the so-called Permian of the faJ.' 
West are considered by Cope to be of older date than the Newark. 

So far as indicated by organic remains, therefore, theN ewark system 
may be considered as occupying a place in the geological column simi
lar to that occupied by the Triassic rocks or Red beds of the Rocky 
mountain region. That this correlation is extremely indefinite is shown 
by the fact that in the Rocky mountain region the rocks referred to the 
Permian, Triassic, and Jurassic belong to a natural system, in which 
there are no great unconformities and no persistent features by means 
of which they may be divided at various localities. Had they been 
studied in connection with the geology of the region in which they 
occur, independent of any preconceived notions of European correlation, 
there is no question that the lines of division would have been drawn 
differently than at present. The scarcity of fossils in that portion of 
the western system which coincides most nearly with the Newark sys
tem is such that a definite correlation with other similar faunas and 
floras at a distance must be accepted as provisional even by the most 
sanguine of those who believe in a detailed correlation of strata by 
means of fossil remains. The uncertainties arising from this cause are 
still further increased by the fact that the attempts which have been 
made to correlate the Newark system with the Triassic of the Rocky 
mountains, depend in large part upon the relation of the fossils of each 
of these systems to the Triassic fossils of Europe. It seems wise to 
conclude, therefore, that only a very general relation between theN ew
ar k system and the so-called Triassic rocks of the Rocky mountain region 

· has been established, and to wait for further evidence before deciding 
that a close correlation is practicable.1 

RELATION TO EUROPEAN TERRANES. 

No other system in America bas heen the subject of so much discus
sion respecting its position in the European standard of classification 
as the one now under review. 

I have made abstracts of such determinations .and opinions of the age 
of this system as are based on paleontological evidence, not including 

I Since this paper was written L. F. Ward, from a comparison of the fossil plants of the Newark and 
of the Trias of the Rocky mountain region, has reached the following conclusion: ' .As regards tllo 
western deposits, notwithstanding the poverty of their present ,known flora, there seems to be some 

indication that they were not laid clown at the same exact epoch as those of the .A.tlant.ic coast; but, 
assuming such an asynchronism, the question as to whether they are earlier or later can not be profit. 
ably considered with the present insufficient data." -" Bull. Geol. Soc . .A.m., vol. xxm, 1891, p. 28. 
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those in which mere opinions have been expressed without stating the 
basis on which they are founded. The number of these abstracts is 
over eighty. 

Rejecting certain early correlations which referred the Newark sys
tem to Silurian, Carboniferous, and Devonian groups, which need not 
be discussed at this stage of geological study, the remainder of the 
determinations referred to, and especially the more recent ones, corre
late the rocks in question, either wholly or in part, with the Triassic or 
the Jurassic systems of Europe. Without attempting to give the chron
ological history of the discussions and controversies t4at have arisen on 
this subject, and which are still being pressed in certain quarte~s, I 
shall try to indicate, so far as practicable, the nature of the evidence 
that has been obtained and the conclusions which have been derived 
from it.1 The reader will then, at least to some extent, be in a position 
to judge for himself as to what is the safest position to maintain in ref
erence to the age of the system we are studying. 

Fossils of the Newark system, as has already been stated, consist of 
obscure molluscan remains, larvffi of insects, cases of minute crusta
ceans, fragmentary portions of the skeletons of mammals, batrachians, 
and reptiles, fossil fishes, footprints, and plant remains. Owing to 
the great rarity and to the obscurity of molluscan and insect fossils, the 
only organic record at present available as a means of correlation are 
vertebrates, crustaceans, and plants. 

'IESTIMONY OF THE VEHTEBRATES. 

Mammals.-The remains of small mammals were discovered by Em
mons in the Newark rocks of North Carolina and referred by him to 
the Permian, on account, principally, of the reptilian fossils associated 
with them.2 These remains were studied also by Leidy, who stated 
that they :find very close representatives in the Purbeck beds of the 
Oolitic of England.3 The fossil mammalian jaws described by Emmons 
have recently been reexamined by Osborn, who concludes that they are 
widely aberrant forms, and not closely related to any fossils hitherto 
discovered.4 The investigations by 0. C. Marsh in the Jurassic sys
tem of the Rocky mountain region have brought to light a large num
ber of small mammalian fossils having a resemblance to the remains 
found in the Newark system, but these, as stated by their discoverer, 
are generally distinct. 5 

I Some account of the various determinations of the age of the Newark that have been made is 
given by-

Lea, Isaac: Description of a fossil saurian of the New Red Sandstone formation of Pennsylvania, 
with some account of the formation. In ·Philadelphia .A.cad. Nat. Sci. .Jour., 2dser., Yol. n , 1850-1854, 
pp. 185-189. 

Newberry, .J. S.: Fossil fishes and fossil plants of the Triassic rocks of New .Jersey and the Connect-
icut valley. U.S. Geol. Surv., Mon. vol. xrv, Washington, 1888, pp. 8-15. 

Marcou, .J.: The Triassic flora of Richmond, Virginia, .A.m. Geol., vol v, 1890, pp. 160-174. 
2 American Geology, part 6, Albany, 1857, pp. 95-96. 
3 Philadelphia .A.ead. Nat. Sci., Proc., vol. IX, p. 150. 
-~o Philadelphia .Acad. Nat. Sci., Proc., vol. xxxrx, 1887, p. 291. 
'Am. Jour. Sci. 3d ser., vol. xxxm, p. 344. 
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The small number of mammalian remains thus far obtained from 
Newark system, and the limited knowledge possessed at the 
time of the early forms of mammalian life, renders it evident that 
can not be used, except in a most general way, in determining the age 
of the strata in which they occur. 

Batrachians and reptiles.-Fragmentary portions of. the skeletons of 
large animals were discovered by E. Emmons in his early exploratious 
of theN ewark rocks of North Carolina, and determined by him and by 
Leidy to be most nearly related to the Permian vertebrates of the Old 
World. These s_ame fossils were studied also by Isaac Lea in connec
tion with similar remains from Pennsylvania, and considered to agree 
most nearly with similar remains found in the Triassic rocks of Europe.1 

The fossils studied by Emmons, Leidy, and Lea have since been re
examined and their classification revised by Cope, who :finds that cer
tain of the genera found in the Newark rocks occur also in the Triassic 
rocks of New Mexico. .After describing the vertebrate fossils of the 
New Mexico deposits, this author states that there is a close parallel
ism between them and the similar fossils from the upper Keuper of 
Wurtemberg. To quote the author's words: 2 "In both regions the 
genera Belodon and Tanystrophaeris are abundant and the .Artosaurus 
of the former [Wurtemberg] is represented by the Tylothoras of the 
latter [New Mexico]. The association of such very diverse forms is 
good evidence of general identity of fauna, and is a sufficient basis for 
:asserting taxonomic identity of the forms of the two regions." 

.Again, after studying the vertebrate fossils of the Newark rocks of 
Pennsylvania, Cope observes :3 "Geologists have been inclined to iden
tify these beds with the Upper Trias and the Lower Jurassic. The 
identification of the Belodon and Mastodonsaurus points most strong1y 
to the age being that of the Keuper or upper divisions of the Trias." 

The testimony of the fossil footprints so abundant in certain portions 
of the Newark system is less definite than that derived from the bones 
and teeth found in the same rocks and probably belonging in part to 
the same species. No fossil footprints found in other countries have a 
sufficiently close relation to those of the Newark system to be indenti
fied with them, and, therefore, no close correlation can be based upon 
these interesting records of a vanished host. Paleontologists would 
probably agree if no other fossils than footprints were known from the 
Newark system, that the only admissable conclusion as to their age 
would be that they are probably somewhat younger than the Carbon
iferous. 

The evidence from vertebrate remains evidently indicates that the 
position of the Newark beds in the geologic series coincides in a general 
way with that of the Upper Trias of Europe and with the horizon of 
the so-called Triassic beds of the Rocky mountain region. 

I Philadel})hia .Acad. Nat. Sci., Proc-, vol. x, p. 92. 
2 .Am. Phil. Soc. Proc., vol. xxrv, 1887, p. 227. 
a Philadelphia Acad. Nat. Sci., Proc., vol. xvm, 1866, p. 250. · 
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Fishes.-The fossil fishes of the Newark system have been studied, 
especially by J. H. Redfield and W. C. Redfield, Agassiz, Edgerton, 
and Newberry. The conclusion reached by the Redfields, 1 father and 
son, was that the rocks could not be older than the Trias, but must be 
placed as low as the Lias and Oolite. Agassiz, on examining the fossil 
fishes of the Richmond area, suggested from their analogy with Euro
pean forms, that they were of the age of the J_.~ias. 2 Later, in discus
sing a paper on the Coal-bearing rocks of Virginia and North Carolina, 
by Johnson, he observes that the fossil fishes of the Richmond area and 
from "the so-called New Red Sandstone, indicate au ag·e intermediate 
between the European New Red and the Oolite." 3 Still later he states 
that the fossils referred to do not agree either with the fossil fishes of 
the Trias o.f Southern Germany or with those of the Lias of England, 
but seem intermediate between the two, and is inclined to refer the 
Newark system to a group intermediate between the Trias and the Lias 
for which there is no equivalent in Europe.4 

By far the most important contribution to our knowledge of the fossil 
fishes of the Newark system have been made by Newberry. His opin
ion with reference to the age of the system, based principally on fossil 
plants, is that it represents only the uppermost portion of the Triassic, 
and is the equivalent o{ the Rhetic beds of Germany. In reference to 
the bearing of the fossil fishes on the question of age, he says: 15 "The 
fishes so abundant in our Trias [Newark ]-Ischypterus and Oatopterus
have never been found in the Old World, and therefore throw no light 
on the question. But their affinities are more with the Mesozoic fishes 
(Jurassic and Cretaceous) than with Palmoniscus, etc., of the Per:nian. 
Much rarer fishes have recently been obtained by the speaker from the 
Connecticut Trias~Dipleurus and Ptycholopis-which, though new, 
represent groups confined to the Jura of the Old World." 

The question of the geological equivalents of the Newark system is 
discussed at length in Newberry's recent monograph on the fossil fishes 
and fossil plants of the Newark system, but the value of fossil fishes 
as a basis of correlation is not specifically considered. The final con
clusion in reference to correlation expressed in the volume mentioned 
is the same as previously stated, and places the Newark system on a 
parallel with the Rhetic of the Old World. 6 

TESTIMONY O.F THE CRUSTACEANS. 

The minute fossil crustaceans of the Newark system were studied to 
some extent by Emmons, Rogers, and others, and certain conclusions 

1 Am. Assoc. Adv. Sci., Proc., vol. IX, 1856, p.185. 
2 Geol. Soc., London. Quart. Jour., vol. III, 1847, p. 275 
a Am. Assoc. Adv. Sci., Proc., vol. IV., 1850, p. 276. 
4 Am. Acad. Proc., vol. III, 1852-1857, p. 69. 
5 New York Acad. Sci. Trans., vol. v, 1885-'86, p. 18. 
6 U. S. Geol. Surv., Mon. vol. xrv, Washington, 1888, pp. 8-15. 
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in reference to geological age based on them. The l'esults reached by 
these authors were subsequently reviewed by T. Rupert Jones, with 
the aid of abundant specimens. 1 In summing up the evidence furnished 
by the crustaceans, this author says: "Whether or not these deposits 
have a Keuperian character, as Prof. 0. Heer's late determinations of 
the Coal plants from Richmond, Yirginia, seem to indicate, there is no. 
doubt of their being the products of lagoons in the Lower Mesozoic 
period, and contemporary either with the marine formation intermediate 
to the Trias and Lias, namely, the Rhetic, or with the Upper Trias itself, 
and exactly equivalent to the Lettenkohle (carbonaceous shales at 
the base of the Keuper.)" 2 

The evidence furnished by the crustaceans, minute as they are, must 
evidently be considered as important and as sustaining the more recent 
conclusions reached from a study of the reptilian remains. 

TESTIMONY OF THE PLANTS. 

The resemblance of some fossil plants of the Richmond area to those 
of the Keuper of Central Europe led Marcou 3 to assign them to the 
same horizon as early as 1849. 

The plants, like the reptilian remains, were studied at an early date 
by Emmons, who concluded from this and other evidence that the 
upper part of the Newark system in North Carolina represented th~ 
Keuper. This conclusion was based largely, however, on the opinion 
of Beer, who, from a study of a small collection of fossil plauts, con
cluded that "Certain forms found in North Carolina are characteristic 
of the Keuper and Marnes Irisees of Germany, France, and Switzer
land; and certain other forms are closely related to the species found 
in Europe in the Keuper and Lower Lias, but are all different specific
ally; but there are none which are really Oolitic either in Yirginia or 
North Carolina." 4 

Rogers, in 1858, after reviewing all the available evidence as to the 
geological position of the Newark system, reached the following con
clusion:5 

These strata are placed in parallelism with the Lower Mesozoic formation of Eu
rope-the Upper Triassic and the Lower Jurassic rock~:;-not merely through the few 
European species which they possess, but quite as obviously by the general aspect 
or facies of nearly all the organic remains which they have hitherto disclosed. 
Every year is adding to this list, and, as they multiply, the impression produced 
leans more and more toward the conviction that they were created in a period which 
unites the Triassic and Jurassic ages. 

Rogers, in an essay on the age of the Newark system, after a com
prehensive review of all the evidence furnished by fossil plants at that 
time available, concludes that these fossil remains as a group bear a 

J A Monograph on the Fossil Estheda. I'aleontological Soc., London, 1862. 
2 Ibid, p. 126. 
3 The Triassic flora of Richmond, Virginia., Am. Geol., vol. v, 1890, pp. 163. 
4 Am. Assoc. Adv. Sci., Proc. vol. xr, 1858, p. 79. 
s Geol. of Pennsylvania, 4to, Philadelphia, 1858, vol. II, p. 697. 
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remarkable resemblance to those of the Oolitic rocks of Europe. Some 
of the species are stated to be specifically identical with European 
forms, while others are very closely allied to certain species found in 
the Oolitic of the Old World (p. 299). In conclusion, Hogers states 
that he has no hesitation in referring the coal of eastern Virginia to 
a place in the Oolitic system on the same general parallel, and with the 
carbonaceous beds of Whitby and Brora, that is, in the lower part of 
the Oolite group 1 (p. 300). 

A few vegetable remains found in the Newark rocks of the Connecti
cut valley were figured and described by Hitchcock, and considered 
by him to indicate a parallelism with the Jurassic of Europe. These 
remains were so imperfect, however, and so little was then known con
cerning the fossil floras of the systems with which they were considered 
to be most nearly related, that but little weight can be attached to this 
examination. 2 

Fossil plants collected in the Hichmond field by Lyell were studied 
by Bunbury whose final conclusions in reference to their age, as 8tated 
by Lyell,3 placed them on a parallel with the Keuper. 

By far the most important contributions made to our knowledge of 
the fossil flora of the Newark system, is contained in a monograph by 
Fontaine. 4 As stated by this author there are 42 species of plants from 
the Richmond area sufficiently well preserved to be of some value in 
determining the age of the beds. Of these 21 appear to have no near 
relation in the European floras, but their general character points 
strongly to a Hhetic or Jurassic age. Three identical and 5 allied spe
eies, or 19 per cent, find their representatives in the Jurassic formation. 
The Jurassic element is much stronger than the Triassic, even without 
counting the plants of Jurassic generic type found in the species pecul
iar to Virginia (p. 95). There are 4 species identical with Rhetic 
forms, and 8 allied to them, or 28 per cent. The Hhetic can, then, claim 
the largest percentage of identical and allied species. Among them 
are some of the most abundant and characteristic forms of the Virgin
ian flora. The great abundance and wide diffusion of the Macrotaene
optereis magnifolia, and Otenophyllum braunianum give these plants 
great weight. 

Fontaine's conclusion from the facts briefly indicated above is that 
we must consider this flora as not older than the H,hetic, the only 
question being whether its strong Jurassic evidence ought to cause us 

_ to regard it as at least Lower Jurassic in age (p. 96). 
In the same monograph there is contained a review of the fossil 

plants of the Newark rocks of North Carolina, described by Emmons, 
in which 49 species are identified. Of these, 9 are stated to be peen-

I On the age of the coa,l rock of eastern Virginia. In .A.ssoc . .A.m. Geologists and N atnralists, Trani., 
1840-1842, pp. 299-300. 

2Ichnology of New England, Boston, 1858, pp. 5, 6, 7. 
a Elements of Geology, 6th eel., 1886, p. 452. 
4U. S. Geol. Surv., Mon. vol. VI, Washington, 1883, pp. 92-96, 121-128. 
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liar to North Carolina, and have no very near allies in 
tries. Fifteen species are found in the Newark rocks of V 
Assuming, as stated by the author, that the Rajmaahal group, 
is of Liassic age, there are 2 species identical with, and 6 nearly 
allied to Jurassic plants. Seven species are identical and 8 clo.sely 
allied to Rhetic plants. Twenty-three per cent are peculiar to North 
Carolina, while 41 per cent are found in the Newark rocks of Virginia; 
20 per cent are allied to or identical with Jurassic forms. Thirty per 
cent are identical with or allied to Rhetic species. After studyillg the 
fossil plants of both Virginia and North Carolina, Fontaine's final con
clusion is that these floras are probably of the age of the Rhetic. In 
his own words: "V\T e are, then, I think, entitled to consider that the 
older Mesozoic flora of North Carolina and Virginia is most probably 
Rhetic in age and certainly not older." 

"Some authors hold that the Rhetic beds form the uppermost of the 
Triassic strata. Others think that they are transition beds having 
affinity with the Lower Lias. The latter view will, I think, be justified 
by a study of the flora, and I have, in this memoir, assumed its cor
rectness" (p. 128). 

Newberry, in his monograph on the fossil fishes and fossil plants of 
the Newark system already referred to, concurs with Fontaine in re
ferring the flora of the system to the Rhetic (p. 13). He also says that 
several species of plants common in the Newark system are found at 
Abiquiu, New Mexico, and at Sonora, Mexico. The author states that 
this "indicated a parallelism between the plant-bearing beds of the 
Atlantic Trias [Newark] and those of New Mexico and Sonora, and go 
far to prove that all of our Triassic rocks which have yet yielded plants 
belong to the uppermost division of the system" (pp.14-15). 

Stur, 1 in a review of Fontaine's monograph on the flora of the older 
Mesozoic of Virginia, has identified a J:arge number of the plants from 
the Richmond area with those of the Lunz sandstone of Germany, and 
concludes that the plant-bearing beds of the Newark are the equiva
lentof the Lettenkohle group of Germany. The great confidence that 
this author gives to his determinations is indicated in the quotations 
given in this paper on pp. 114-115. 

B. Zeiller 2 has also reviewed Fontaine's monograph, and identified 
certain of the plants there described with those of the gres bigarre of 
Europe. This identification of species and also the absence in the 
Newark system of certain types that had an immense distribution dur
ing the Rhetian epoch, and as stat<'~d by Zeiller, have· been found in 
nearly all the Rhetian deposits of Europe lead to a final conclusion in 
reference to correlation, which is stated as follows: 

I Die Lunzer cLettenkohlen) Flora in den ''older Mesozoic beds of the coal-field of eastern Virginia." 
In Separatabdruck der Verha.ndlungen der k. k. geologischen Reichsanstalt No. 10, 1888, pp. 203-217. 

2 Sur la presence, dans le gres bigarre. des Vosges, de l' Acrostichides rhombifolius, Fontaine. r. 
Societe geologique de France, Bull., 3• serie, t. XVI, p. 693-698, seance 18 J uin, 188i. 
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Thus, without pretending, at so great a c1istance, to make a formal correlation, I 
think that one may, with great plausibiUty, arrange the coal-bearing strata of Vir
ginia and North Carolina, with the Upper Trias, as was clone by 0. Heer, and to place 
them parallel with those of Bale (Neue Welt), Stuttgart and Lunz; that is to say, 
at a level little different, on the whole, from that assigned to them by Mr. Fon
taine, but yet a little higher (p. 698). 

The evidence furnished by the fossil plants, while not interpreted in 
the same way by various paleobotanist~, points on the whole to a some
what higher division in the time scale of Europe than the vertebrate 
and invertebrate fossils. 

Before closing the review it will be well to consider what may be 
classed as negative evidence. This is furnished by the remarks of 
Dana, made more than thirty years ago, in connection with a review 
of Emmons geological report of the Midland counties of North Caro
lina. He says : 1 

In the determination of the exact age of this sandstone, the only rock in this coun
try east of the Mississippi occurring between the Carboniferous and the CretaceouR, . 
we can not be too cautious in the use of evidence. One or two considerations are, 
thereforeJ here suggested. In the first place the fauna and flora of America of this 
modern epoch is represented in Europe, and quite strikingly, as has been shown by 
the fauna and flora of the later Tertiary of Europe. The life of corresponding ages 
in the two continents has thns been older in America than in Europe. This is one 
point to be well weighed. Again, in determining the age of a rock from its fossils, 
we should rather look to those which indicate the more recent period than those 
which bear the other way. This criterion would bring us right with regard to our own 
epoch, while by avoiding it we might be able to prove that we in America. are of the 
Tertiary age of the world. Now, as Mr. Redfield has shown, the fossil fishes-the 
most characteristic species of any formation-are but half heterocercal and come 
nearer to the .Jurassic type than the Triassic. There is hence reason for the opinion, 
notwithstanding the important evidence brought forward by Dr. Emmons, that the 
Lias period may be represented by the formation; and we may be nearest the truth 
if we regard the whole formation as corresponding to the Lias and the latter half to 
the Trias. The examinations by Mr. Heer accord with this conclusion. The Euro
pean subdivisions of the Trias we should not look for on this continent, even if we 
had the whole of the formation, any more than the European subdivisions of the 
Devonian in the American Devonian. American geology is deeply interested in the 
decision of this question, and owes much to Prof. Emmons for all that he bas done 
toward its elucidation. 

SUMMARY. 

The conclusions reached, as indicated above, by those best qualified 
to determine the nearest equivalents of the Newark system in the geo
logical series of Europe, present some diversity. 

The Batrachi'ans and reptiles as shown by the most recent and most 
extended studies, that have been made, have their nearest known rep
resentatives in the Keuper of Germany. 

The fossil fishes are not nearly related to those of any formation in 
Europe, but represent groups confined, so far as is now known, to the 
Jurassic. 

I Am . .Jour. Sci., 2c1 ser., vol. XXIX, 1857, pp. 429-430. 

Bull. 85-9 
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The crustaceans have their nearest representatives in the upper 
or in the Rhetic. 

The plants have been assigned to various horizons, but the most 
cent and probably the most reliable determinatiqns, place them in the 
upper part of the Triassic or in the Rhetic; Heer, Stur, and Zeiller 
claiming them as belonging to the Keuper, while Fontaine and New
berry consider that they more nearly represent· the flora of the Rhetic.1 

This brief resume of what must be considered the most trustworthy 
correlations now possible, shows that there is a closer accord in the 
various determinations than, perhaps, might have been supposed. The 
geologist who has to depend on the paleontologist for the correlation of 
strata in widely separated regions, is thus furnished with all the data 
available on which to base his conclusions. It is probable that the 
evidence, as it now stands, when considered by various persons, will be 
interpreted in two ways. 

Those who are inclined to believe that a close correlation is possible 
between the divisions of the geological column in America and Europe, 
will probably demand further evidence and will continue the contro
versy as to the equivalency of particular horizons in the two countries. 

Those who take the ground that the large natural division of the 
rock series in America and in Europe admit of correlation only in a 
broad, general way, will conclude that the correspondence reached from 
the comparisons already made are sufficient to show that the fossil
bearing strata of the Newark system may be placed in general parallel
ism with the upper part of the Triassic and the lower part of the Juras
sic of Europe. As a system, however, it can not be considered as the 
equivalent of any definite portion of the European scale. 

When the geological succession in the other portions of the earth 
shall have been determined, and the existing blanks h1 our knowledge 
of the succession of organic forms :filled, at least in part, it may be pos
sible to form a more comprehensive scheme of classification than any 
now known, in which the relative position of the strata in various 
widely separated localities may be some time definitely determined. 
Until such a standard of comparison approaches completion, we must 
conclude that the Newark SY.stem is a well defined uuit in American 
geology, having a great unconformity both above and below, and that 
it belongs in the lower l_)ortion of the Mesozoic group of the American 
geological column. The Mesozoic itself, however, does not agree either 
as to its upper or lower limits with the Mesozoic of Europe, but repre-

I The most recent review of the relation of the fossil plants of the Newark to the Triassic flora of 
Europe which has come to band is by L. F. Ward (Bull. Geol. Soc. Am., vol. ur, 1891, PlJ· 23-31). The 
conclusion reached is that our present knowledge fixes the horizon of the Newark "with almost 
absolute certainty at the summit of the Triassic system, aml narrows tbe discussion down chiefly to 
the mere verbal question whether it shall be called Rhetic or Keuper. ,_ * * The beds that seem to 
be most nearly identical, so far as the plants are concerned, are those of Lunz, in Austria, and of 
Neue Welt, near Basle, in Switzerland. These have been placed by the best European geologists in 
the Upper Keuper. Our American Trias [Newark] can scarcely be lower than this, and it probably can 
not be higher than the Rhetic beds of Bavaria." 
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sents, as nearly as can be determined from our present knowledge of 
its organic remains, about the same relative position in the life history 
of the earth~ 

RELATiON '1'0 TERRANES OF ASIA . .AND CENTRAL AMERICA. 

Direct comparisons have been made by Newberry betweeu the fossil 
plants of the Newark system and similar fossils from China and from 
Honduras. 

A. comparison with fossil plants from China collected by Pumpelly in 
the Kwei basin on the Yangtse river, province of Hupeh, showed tbat 
one species is common to the two regions. Another species found in 
the K wei basin agreed closely with a European Jurassic species. 
Another has a remarkable likeness to a fern which occurs both in the 
Liassic and 09litic floras of Europe. The Kwei fossils were also com
pared with fossil plants from A.biq uiu, New Mexico, and Sou ora, :Mexico, 
regarded by Newberry as Triassic. The conclusion reached from this 
study was that the plant-bearing beds of the K wei basin were of Meso
zoic age, but whether they should be considered as Triassic or Jurassic 
remained undecided. Only a very general conclusion as to the relation 
of the Newark system to the phtnt-bearing beds of the Kwei basin, is 
shown by fossils now known, but it is evident that interesting results 
might be expected from a continuation of the comparisons of the fossil 
floras of the. two regions.1 

A. collection of fossil plants . from San Juaucito, Honduras, bas 
recently been described by New berry and shown to be related to the 
Rhetic of Europe. This collection contains at least one species that 
is very close to a plant described by Emmons from the Newark rocks 
of North Carolina. Others are closely related to the plants of Abiquiu, 
New Mexico; and Sonora, Mexico. After describing the Honduras fos
sils, Newberry refers to their relation to other floras in the following 
language: 

"This discovery of a Triassic flora in Honduras is a matter of special 
interest, as nothing of the kind had before been met with in that sec
tion of the globe; but it is only another illustration of the . uniformity 
of the vegetation of the world during the Triassic age. This uniformity 
was, however, only a development of the systematic progress of plant 
life. The reign of A.crogens ended with the Permian. The Rhetic 
epoch was, therefore, about the middle of the reign of Gymnosperms. 
No Angiosperms were yet in existence, for they began in the Cretace
ous. * * '!!: 

"Where the Gymnospermous flora originated, or how it was developed 
from the A.crogens, if it was so developed, and through the exercise of 
what elements of superiority it superseded them, we are yet in igno
rance. It is, however, a matter that may well excite our wonder that, 

I Appendix No.1 to geological researches in China, Mongolia, anll Japan [etc.] by Raphael Pumpelly. 
Smithsonian Contributions to Knowledge, vol. VII, Washington, 1867, pp.ll9-123. · 
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migrating such immense distances from their place of origin, through 
every phase of soil and climate-through aU the zones of the Eastern 
Hemisphere, and now, as we learn from this group of Honduras plant~, 
through the New World-they march, holdillgsofirmly to their original 
group of characters, generic and specific, that wherever we open their 
tombs we recognize them instantly as old friends. In their long marches 
some perish by the way, and here and there, their numbers were 
recruited by new forms, imported or developed; but the leading mem
bers of the troop in virtue of some occult protection against outside 
influences, preserved almost without alteration all the complicated 
characters of their vegetative and reproductive systems. 

" We shall look now with eagerness · to South America for the full 
identification there of this Mesozoic flora, which we have found in full 
development in Virginia, New Mexico, Sonora and now in Ron dura~;. 
It had before been recognized in Australia-where it seems to emerge 
from the Paleozoic flora and perhaps began-New Zealand, India, Ton
quin, China, Turkestan and various parts of Europe." 1 

I Rhetic plants from Honduras . In Am . .Tour. Sci., 3c1 ser., yol. xxxvr, 1888, pp. 342-351. 
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Phil. Trans. 

London, England ..... I,on.donPhilo. Mag .... 

Philadelphia, Pa ..... . 
Manchester, England . 

Winnipeg, Canada ... . 

Baltimore, Mel ....... . 

Baltimore, Md ....... . 

Meriden, Conn ....... . 

Minneapolis, Minn .. . 

Washingtoo, D. C., 
. and Cambridge, 
I Mass. 

Maclurean Lye., Cont. 
Manchester Geol. 

Soc., Trans. 
Manitoba Hist.and Sci. 

Soc., Trans. 
Maryland Acad. Sci., 

Trans. 
Maryland Acad. Sci. 

Lit., Trans. 

Meriden Sci. Assoc., 
Trans. 

MinnesotaAcad. Sci., 
Bull. 

National Acad. Sci., 
Ann. 

[BULL. 

Examined, 

Vol. I. 
Vols.l-25. 

Vols.l-29. 

1888, pp. 1-97. 

Voll. 

Vols.l-4. 

Vols. 1,2. 

Vols. 1-4. 

National Academy of Science, Me- ~ Washington, D. C .... 
moirs. 

National Acad. Sci., Vol. 1. 

National Geographic Magazine ...... Washington, D. C .. .. 
National Institution, Bulletin of the vVashington, D. C ... . 

Proceeclin rrs. 

Mem. 
Nat. Geog; Mag....... Vol. 1, N o.l-4. 
National.lnst., Proc .. 184L•-1844. 

N eues J ahrbuch fiir Mineralogie, 
Geologie und Paleontologie. 

Stuttgart, Germany .. Neues Jabrbnch ...... Vols.1836-1887. 
Beilage• Bd. 

New Brunswick Natural History 
Society, Bulletin. 

New Orleans Academy of Sciences, 
Papers. 

New Orleans Academy of Sciences, 
Proceedings. 

Newport Natural History Society, 
Documents. 

New York Acaclemy of Sciences, 
Annals. 

New York Academy of Sciences, 
Transactions. 

New York Lyceum of Natural His
tory, Annals. 

New'York Lyceum of Natural His
tory, Proceedings. 

Nova Scotian Institute of Natural 
Science, Transactions. 

Orleans County Society of Natural 
Sciences, Transactions and Ar
chives of Science. 

Ottawa Field-Naturalists' Club, 
Transactions. 

Ottawa Naturalist and Transactions 
of the Ottawa Field-Naturalists' 
Club. 

Pennsylvania Geological Society, 
Transactions. 

Petermann's Mittheilungen ........ . 

FrederiCton, N. B ..... New Brunswick Nat. 
Hist. Soc., Bull. 

New Orleans, La .. _ ... New Orleans Acau. 
Sci., Papers. 

New Orleans, La ...... New Orleans Acad. 
Sci., Proc. 

Newport, R. I. . . . . . . . . Newport. Nat. Hist. 
Soc., Doc. 

New York,N.Y ...... NewYorkAcad.Sci., 
Ann. 

New York,N. Y ······J New York Acad. Sci., 
Trans. 

New York,N. Y ...... New York Lye. Nat. 
' Hist., Ann. 

NewYork,N.Y ...... NewYork Lye. Nat. 
Hist., Proc. 

Halifax, Nova Scotia. Nova Scotian Inst., 
Trans. 

Lunenburg, Vt . _..... Orleans (Vt.) Soc. 
Nat. Sci., Trans. 

Ottawa, Canada ....... Ottawa Field-Nat. 
· Club, Trans. 

Ottawa, Canada ....... Ottawa Nat. and 
Field-Nat. Club, 
Trans. 

Philadelphia, Pa...... PennRylvania Geol. 
Soc., Trans. 

Gotha, Germany ...... Petermann's Mitt .... . 

Philadelphia Academy of Natural J Philadelphia, Pa ...... Philadelphia Acad. 
Sciences, Journal. Nat. Sci., Jour. 

Philadr-lphia Academy of Natural 
Sciences, Proceeclingt~. 

Philosophical ~ociety of Washing
ton, D. C. (see Washington Philo
sophical Society). 

Portland ~ociety of Natural History, 
Journal. 

Portland Society ofNaturalHistory, 
Proceedings. 

Pottsville ~cientifie Association, 
Bulletin. 

Philadelphia, Pa...... Philadelphia Acad. 
Nat. Sci., Proc. 

Portland, Me ......... . Portland Soc. Nat. 
Hist.,Jour. 

Portland, Me ......... . Portland Soc. Nat. 
Hist., Proc. 

Pottsville, Pa ....... . Pottsville Sci. Assoc., 
Bull. 

1-4. 
Yols.l-6. 

Yol. 1, No.2. 

Vol. I, No.1. 

Documents 2-5. 

' Vols. 1-5. 

Vols. 1-10 (No. 
1-3). 

Vols.l-11. 

Vol. I (1870-'71) 
2d series Vol. 
1 to p.l56. 

Vols.1-7. 

Vol. 1, No. 1-G. 

Vol. I, No. 1-4. 
Vol.2,No.5-7. 

Vol. I. 

Vol. I. 

Vols. 1-33; Er-

tft:Cl~ ~~l~.s-
1st series, Vols. 

1-8; 2dseries, 
Vols.l-8. 

Vols. 1-39, to 
1890. 

Vol.1,No.l. 

Vol. I. 

1855. 

R%~~;~~-titution of Great Britain, 

Royal Irish Academy (see Ireland, 
Royal Academy). 

London .............. . ""J.;.,',n•t. G'·· R,., 

1 

Vol-.1, 2. 
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Catalogue of serial pttblications examined-Continued. 

Name. Published at- Abbreviation. Examined. 

Royal Society, London (see London, 
Royal Society). 

Saint Louis Academy of Sciences, Saint Louis, Mo....... Saint Louis A cad. 
Transactions. Sci., 'l'rans. 

Vols. 1-4; Vol. 
5, pp. 1-336. 

School of Mines, Quarterly ........... New York, N. Y ...... School of Mines, 
Quart. 

Vols.1-11. 

Science .•....•........ Science .............................. Cambridge. Mass., 
andNewYork, N.Y. 

Vols.1-14. 

Science .............................. New York, N.Y ...... Science (ed. by John Vols.1, 2. 

Smithsonian Instit,ution, Annual Re
port. 

Smithsonian Institution, Contribu
tion to Knowledge. 

Smithsonian Institution, Miscella
neous Collections. 

Societe geologique de France (see 
France, Geological Society). 

Technology Quarterly ..........•.... 
Texas State Geologica! a11d Sdentific 

Association, Bulletin. 
Trenton Natural History Society, 

Journal. 
United States Geological Survey, 

Annual Reports. 
United States Geological Survey, 

Bulletin. 
United States Geological Survey, 

Mineral Resources. 
United States Geological Survey, 

Monographs. 
United States .National Museum, 

Bulletin. 
United States National Museum, 

Proceedings. 
Vassar Brothers' Institute, Transac

tions. 
Virginias, The ...................... . 
Washburn College Laboratory of 

Natural History, Bulletin. 
Washington Biological Society, Pro

ceedings. 
w~~f{;,f~~n Philosophical Society, 

Wisconsin Academy of Science, 
Arts, and Letters, Bulletin. 

Wisconsin .Academy of Science, 
.Arts, and Letters, '.transactions. 

Wyoming Historical and Geological 
Society, Proceedings and Collec
tiOns. 

Zeitschriit der deutschen geolo
gischen Gesellschaft. 

Michels). 
Washington, D. C ..... Smith. Inst.,Ann.Rep. 1853-1887. 

Washington, D. C ..... Smith. Inst., Cont. Vols.l-25. 
Knowl. 

Washington, D.C ..... Smith. Inst.,Misc.Coll. Vols.1-12. 

Boston, Mass ....... .. 
Houston, Tex ........ . 

'rrenton, N.J ........ . 

Washington, D. C .... . 

Washington, D. C .... . 

Tech. Quart ......... . 
Texas State Geol. and 

Sci. Assoc., Bull. 
Trenton Nat. Hist. 

Soc., Jour. 
U. S.Geol. Surv.,.Ann. 

Rep. 
U.S. Geol. Surv., BulL 

Vols.1-3. 
Vol.1, No.1-6. 

Vol.l. 

1st-7th. 

No.1-50. 

Washington, D. C ..... U.S. Geol. Surv.,Min. 1883-1887. 
Resourc. 

Washington, D. C ..... U.S. Geol.Surv.,Mono. Vols.1-14. 

Washington,D.C ..... U.S. Nat.Mus.,BulL. Vol.l. 

Washington, D. C ..... U.S. Nat. Mus., Proc .. Vols.l-10. 

Poughkeepsie, N. Y.. . V ass a r Brothers' Vols. 1-4. 
Inst., Trans. 

Staunton, Va ......... The Virgimas ...... -- ~ Vols.1-6. 
Topeka, Kans ......... Washburn Coll., BulL Vol. I. 

Washington, D.C .... . 

Washington, D. C .... . 

Madison, Wis ....... .. 

Madison, Wis ........ . 

Wilkesbarre, Pa ..... . 

Berlin .............. .. 

Washin_£"ton Bio l. 
Soc., .l:"roc. 

Washington Phil. 
Soc., .Bull. 

Wisconsin Acad. Sci., 
Bull. 

Wisconsin Acad. Sci., 
Trans. 

Wyoming Hist. and 
Geol. Soc., Proc. and 
Coli. 

Deutsch., Zeitschr. 
geolo. Gesell. 

Vols.1-3. 

Vols.1-10. 

No. 1-5. 

Vols. 1-5. 

Vols. 1-3. 

Whole set. 

PLAN OF THE INDEX. 

This index consists of principal and secondary entries arranged in a 
single alphabetic series. 

Principal entries.-These consist of the names of books and papers 
arranged under authors. The author's name is printed in BLACK FACED 
(capitals) type, with a date to the right in the same type. The date 
design~tes the year of publication, or, instead of this, in the case of 
many serials, the date at which the paper appeared, or was read. When 
two or more papers bear the same date, the second one is designated as 
a, the third as b, and so on. When a paper has been published in more 
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than one edition, the edition given first in the description of the book 
is the one referred to. 

The abstract following the descriptio·n of a paper indicates briefly its 
contents so far as it relates to the Newark system. References are 
given to so-called Newark rocks on Prince Edward island, for the rea
son that the index was compiled before it was concluded that the New
ark system is not there represented. 

Secondary entries.-The chief words of the secondary or subject en
tries are printed in black facetl (small letters) type and in these the reader 
is referred by author's name and date to the principal entries in BljACK 
FACJm (capitals) type. 

These secondary entries include: 
(1) Places where observations on the Newark system have been 

made. In these entries the method of locating observations in use by 
each author has been followed. For example, a locality may be referred 
to in reference to its proximity to a town, a mountain, a river, etc., by 
different writers. This necessarily leads to lack of uniformity iu the 
index, but when practicable, cross-references from one method of entry 
to others have been made. 

(2) Under the names of states, the principal papers relating to the 
rocks of the Newark system within their borders. 

(3) The works of authors cited in publications not their own. These 
are referred to under the name of the author cited, but the information 
contained in the refereuce or quotation is treated as a portion of the 
paper in which it appears. 

(4) Under the head of Plants (fossil), Invertebrates (fossil), and 
Vertebrates (fossil), references to papers containing descriptions of 
species · or genera. 

(5) In structural and general geology, references to the following 
subjects whenever the information recorded seemed sufficiently definite: 

Age (discussion or deter- Dip. 
mination of). Dike. 

Analyses. Fault. 
Anticline. Pootprints. 
Arkose. Gypsum. 
Coal. Limestone. 

Oil. 
Raindrop impressions. 
Salt. 
Sandstone. 
Shale. 
Shrinkage cracks. 

Coke, natural. 
Conformity. 
Conglomerate. 
Copper. 

Map, geological. Strike. 
Metamorphism. Synclinals. 
Metamorphism, contact. Trap. 
Minerals (principal papers only). 

In making references to the subjects mentioned above, as great con
sistency has been observed as the diversity of the papers indexed would 
allow. 

Besides the subjects enumerated some irregular entries have been 
inserted, but not systematically noted for the whole body of literature 
examined. An effort has. been made to complete the list up to 1891, 



LITERATURE. 139 

but a few papers published in 1890 were received too late to be fully 
indexed. A further delay in publication has enabled me to introduce 
references to a few published in 1891, l>ut for these only a limited 
number of secondary entries have been inserted. 

When not otherwise indicated the papers referred to are octavo. 
In preparing this index I have been greatly assisted by Mr. Nelson 

H. Darton, who has permitted unrestricted use of the manuscript of an 
unpublished "Author's Catalogue of North _A_merican Geology," and 
has assisted me in many other ways. I am also indebted to Prof. W. 
0. Crosby, for a short bibliographic list which has been used in verifi
cation. 



LITERATURE. 

Abbeville, S. C. Description of trap dikes near 
(Tuomey, '44, pp.ll-12). 

Trap dikes near (Hammond, 1884, p. 466). 
ABBOT, [S. L.l Cited on fossil footprints. (E. 

Hitchcock, 1843a, p. 260). 
Abbotstown, Pa. Character of strata near (H. 

D. Rogers, '58, vol. 2, p. 679). 
Conglomerate near (H. D. Rogers, '58, vol. 2, p. 

680). 
Dip near (Frazer, '76, p.101). 

Acadia. Section of the rocks of (Dawson, '78• 
Pl. op., p. 20). 

ACKERLY, S. Cited on the character of the rocks 
forming the Palisades, N . .J. (Cooper, '22, p. 
240). 

ADAMS, C. B. 184:6. 
Second annual report on the geology of the 

state of Vermont. Burlington Vt., pp. 
1-267. 

Contains a brief account of the Newark sys
tem in general, pp. 101-102. Discusses 
the amount of erosion indicated by the 
trap cUkes of the Connecticut valley and 
of Vermont. States that some of the ma
terial forming the Newark rocks of the 
Connecticut valley came from the North, 
pp. 159-162. 

ADAMS, C. B. 18i6a. 
Notice of a small Ornithichnite. 
.A.m . .Jour. Sci., 2d ser., vol. 2, pp. 215,216. 
Describes and gives two outline figures of a 

small footprint from Westfield, Conn. 
ADAMS, C. B. 1860. 

Elements of geology. 
See Gray and .A.clams, 1860. 

ADAMS [C. B.]. Cited on the mode of formation 
of the Newark rocks of the Connecticut 
valley (Le!!., '53, pp.191-192). 

Adams County, Pa. Brief report on (Lesley, '85, 
p. xxi, pl. 1). 

Contact metamorphism in (H. D. Rogers,· '58, 
vol. 2, p. 691). 

Detailed account of copper ore in (Frazer, '80, 
pp. 299-304). 

Dip in trap rock in (H. D. Rogers, '58, vol. 2, 
p. 691). 

Geological map of (Lesley and Frazer, '76). 
Red shale in (H. D. Rogers, '58, vol. 2, p. 677). 
Report on the geology of (Frazer, '76). 
Report on the geology of (Frazer, '77). 
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Adams county, Pa.-Continued. 
Section of the Newark in (Frazer, '77a). 
Strike of trap dikes in (H. D. Rogers, '58, vol. 

'2, p. 691). 
Trap dikes of (H. D. Rogers, '58, vol. 2, p. 691). 
Trap rocks of (Frazer, '75a). 

A1lvocate Jtarbor, N. S. Rocks at (Gesner, '36, p. 
233). 

AGASSIZ, LOUIS. 1833-1843. 
Recherches sur les poissons fossiles. 
Neucbatel, 5 vol. folio. 
Describes and figures fossil fishes from the 

Newark system, vol. 2, pp. 43, 159, pl. 8, 
14c. 

AGASSIZ, [LOUIS]. 1850, 
[On the age of the Newark rocks of the Con· 

necticut valley.] 
In Boston Soc. Nat. Hist., Proc., vol.3, pp. 

336-337. 
Remarks on a paper by C. T . .J-ackson. 

AGASSIZ, [LOUIS]. 1851. 
[Remark on the geological position of the 

Newark syst,em as indicatecl by fossil 
plants.] 

In .A.m . .A.ss . .A.dv. Sci., Proc., vol. 5, p. 46 . 
.A. brief remark in discussion of a paper by 

W. C. Redfield. 
AGASSIZ, LOUIS. 1858a. 

[Geological position of the Newark system as 
indicated by fossil fishes.] 

In .A.m . .A.ss . .A.dv. Sci., Proc., vol. 4, p. 276. 
Discussion of a paper by W. R. .Johnson. 

AGASSIZ, LOUIS. 1853, 
[Remarks on the age of the Deep river coal 

field. N.C.] 
In .A.m . .A.cad., Proc., vol. 3,1852-1857, p. 69. 
Remarks following a discussion concerning 

the age of the Deep river coal field, N.C., 
by C. T . .Jackson and W. B. Rogers. 
States that the fossil fishes of theN ewark 
system indicate a geological position be· 
tween the Trias and Lias of Europe. 

AGASSIZ, LOUIS. 1855, 
[Remarks on the footprints of the Connecticut 

valley.] 
In .A.m . .A.cad., Proc., Yol. 3, 1852-1857, p. 193. 
States reasons for doubting whether all the 

so-called footprints of birds in the Con
necticut river sandstone were in reality 
produced by birds. 
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AGASSIZ, rLOUIS]. 1858. 
[Remarks on certain crustacean footprints 

from the sandstone of the Connecticut 
valley.] 

In Ichnology of New England, by E(lward 
Hitchcock, p.166. 

A brief extract from a letter in reference to 
the footprints of crustaceans. 

AGASSIZ, LOUIS. 18o9. 
On "Marcou's geological map of North Amer-

ica." 
In Am. J"our. Sci., 2d ser., vol. 27, pp.l34-137. 
Republishe(l in "Reply to the criticisms of 

J"ames D. Dana,' ' by J"ules Marcou, Zuricl1, 
1859, pp. 26-30. 

AGASSIZ, [LOUIS]. 1860. 
[On theageofredsandstoneinNewBnmswick 

and on the south shore of Lake Superior.j 
In Boston Soc. Nat. Hist., Proc., vol. 7, p. 398. 
Discussion of a paper by C. T. J" ackson. 
Cited as to the age of the coal fields of North 

Carolina (Emmons, '56, pp. 272, 275). 
Cited on the age of the Newark system 

(Hitchcock and Hitchcock, '67, p. 416. 
Lea, '53, p. 188. Lea, '58). Marcou, '53, 
p. 41. Murchison, '43. 

Cited on the age of the Richmond coal field, 
Va. (Taylor, '48, p. 47. Lyell, '47, p. 275. 
Marcou, '49, p. 274). Marcou, '58, p. 16. 

Cited on the classification of fossil fishes from 
the Connecticut valley (J". H. Redfield, 
'56). 

Cited on the deposition of copper in amygda
loids, etc. (Chapman, '56, pp. 43-45). 

Cited on the early discovery of fossil fishes in 
theNewarksystem (Newberry, '88, p.19). 

Cited on fossil fishes (C. H. S. Dads, '87, p. 
21. Egerton, '49, pp. 4, 8. E. Hitchcock, 
'41, p. 459. Newberry, '88. J. H. Red
field, '36). 

Cited on fossil fishes (W. C. Redfield, '41, 
p. 25). 

Cited on fossil footprints (Deane, '47. Silli
man and Dana, '47). 

Cited on Marcou's geological map of North 
America (Marcou, '59, pp. 26-30). 

Cited on Newark flora (Marcou, '90). 
Cited on number of phalanges in the toes of 

birds (Silliman, Silliman, jr., and Dana, 
'47. 

Reference to fossil fishes described by (New
berry, '88, p. 24). 

Age of the Newark system. Discussion of (J". D. 
Dana, '57. Dawson, '58. Dewey, '57. E. 
Hitchcock, '41b, p. 244. E. Hitchcock, '56, 
p. 99. Horner, '46. Lea, '53. Lesquereux, 
'76, p. 283. Lyell, '66. Marcou, '49. Mar
cou, '55, pp. 864-868. Marcou, '88, pp. 31-
43. Mather, '43, pp. 293,294. Newberry, 
'88, pp. 8-15. H. D. Rogers, '40, pp.l14-117. 
H. D. Rogers, '56, p .. 32. W. B. Rogers, '54. 
White, '89) . _ 

In Connecticut valley (C. H. Hitchcock, '55, 
p. 392. E. Hitchcoc"Ji, '41, l>P· 438-441. 
E. Hitchcock, '53. E. Hitchcock, '55, p. 
227. E. Hitchcock, '55a, pp. 407-409. E. 

Age of the Newark system-Continued. 
Hitchcock, '58, pp. 3, 5-10, 20-25, 79. 
Hitchcock and Hitchcock, '67, pp. 415, 
416. J" ackson, '50, pp. 335, 336, 338. Lyell, 
'42, p. 796. Lyell, '45, vol. 1, pp. 13, 255; 
vol. 2, p. 214. Maclure, '09. Nuttall, '21, 
p. 37. W. C. Redfield, '51. H.D.l{ogers, 
'43b. Silliman, jr., '44. Wells, '50). 

In New Brunswick (Credner, '65. Bailey, '65, 
pp. 5, 6, 13, 123. Bailey, '72, pp. 218, 219. 
Matthew, '65, p. 124). 

InN ew J" ersey. (Ackerly, '20, pp. 35, 36, 61-62. 
Cook, '64, pp.6-7. Cook, '68, pp. 173-194. 
Cook, '89, pp. 11-12. Maclure, '09. Marcou, 
'58, pp. 11-16, 65. W. C. Redfield, '43a. 
W. C. Redfield, '51. H. D. Rogers, '43b). 

In North Cnrolina. Discussion of (Chance, 
'85, 11p. 16, 17. Emmons, '56, pp. 271-283. 
Emmons, '57, p. 53. Emmons, '57/J, pp. 
79, 80. Fontaine, '83, pp. 121-128. Mac
farlane, '77, pp. 517,522, 523. Marcou, '58, 
pp.l5,16. Newberry, '66). 

In North Carolina. Reference to (Emmons, 
'52, pp. 115-118,140-143. Emmons, '56, pp. 
227,228. Emmons, '58. J"aekson, '53. Jack
son, '56a-, pp. 31, 32. Kerr, '75, p. X, 110, 
111. Macfarlane, '77, p. 528. Marcou, '88, 
p. 30. Stephens, '61). 

In Nova Scotia (Dawson, '47, pp. 57, 58. Daw· 
son, '78, p. 109. J"ackson, '50, p. 338). 

In Pennsylvania (Cope, '66, pp. 249-250. 
Frazer, '85, p. 403. C. E .. Hall, '81, p. 20. 
T. S. Hunt, '76, p. 320. Lesley, '83, pp. 178, 
179. Lewis, '85, pp. 439, 440. H. D. Rogers, 
'58, vol. 2, pp. 692-697. Wheatley, '61). 

In Prince Edward 'island (Dawson, '47, pp. 
57, 58. Dawson, '54a. Dawson, '74, pp. 
209, 210. Dawson, '75. Ells, '84, pp.llE., 
12E.,16E., 18K Note onatlassheetNo. 5, 
S. \V. McKay, '66. Owen, '76, pp. 359, 
361). 

In Virginia (Clifforu, '87, p. 5. Credner, '66. 
Emmons, '56, pp. 338-342. E. Hitchcock, 
'58, p. 6. Hull, '87, p. 86. Lyell, '47, pp. 
261, 274, 275, 278-280. Lyell, '49, 11p. 280, 
281. Lyell, '57. Lyell, '71, p. 363. Mac
farlane, '77. Marcou, '55, pp. 872, 873. 
Marcou, '58, pp.11-16, 65. Nuttall, '21, p. 
37. W. B. Rogers, '39, pp. 70, 71. W. B. 
Rogers, '43. W. B. Rogers, '43b, p. 532. W. 
B. Rogers, '55c. W. B. Roger&, '79, p. 180. 
Shale~, '71, pp. 115-117. Stephens, '61. 
Taylor, '35, pp. 293, 294. Taylor, '48, pp. 

. 45-47, 50). 
In Virginia, indicated by crustaceans (J"ones, 

'62, p. 85). 
Indicated by fossil fishes (Agassiz, '51a. 

.Agassiz, '53. Lyell, '47, p. 275. New·oerry, 
'78. Newbeny, '85. J". H. Redfield, 
'56, p. 184. W. C. Redfield, '56. W. C. 
Redfield, '56a). 

Indicated by fossil plants (Agassiz, '51. Bun
bury, '47, p. 287. Fontaine, '79, p. 37. Fon
taine, '83, pp. 92-96. Heer, '57. New

. bury, '85. W. B. Rogers, '54, p. 55). Stur, 
'88. Zeiller, '88. 
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Age of tlte Newark system-Continued. 
Indicated by fossil reptiles (Emmons, '57, pp. 

91-93. Marsh, '89, p. 331). 
Indicated by lignite specimens (Rogers, '55). 
Indicated by stratigraphv (Foster, '51). 
References to (Conrad, '39. Cook, '82, pp.ll-

12. LeConte, '82, p. 439. Marcou, '53, p:p. 
40-42). 

Remarkson(Agassiz, '50. Conrad, '41. Cook, 
'89a, p. 170. Cope, '88. J.D. Dana, '56, 
p. 322. Emmons, '57, pp. 1-2, 16-18. 
Frazer, '77a. C. H. Hitchcock, '71, p. 20. 
Jackson, '53a. Jones, '62, pp. 91, 126, 
139. Mitchell, '42, p. 133. W. C. Red
field, '56a, p. 357. H. D. Rogers, '44, pp. 
247-251. W. B. Rogers, '80a). 

Table showing diversity of opinions concern
ing (Russell, '89a). 

Table showing diversity of opinions concern
ing (Frazer, '82, p. 127). 

Age of trap dike and associated fault in Bucks 
county, Pa. (Lewis, '85, p. 455). 

Age of trap dikes in Alabama (E. A. Smith, '83, 
p. 556). 

AKERLY, SA])lUEL. 1820. 
An essay on the geology of the Hudson river 

and the adjacent regions, illustrated by a 
geological section of the country from the 
neighborhood of Sandy Hook. in New 
Jersey, northward through the Highlands, 
in New York, toward the Catskill moun
tains, [etc.]. 

New York, i2mo, pp. 1-69, pl. 1. 
A brief sketch of the general features of the 

Palisades, pp. 27, 28. General lithological 
characteristics of the Palisade trap, pp. 
32, 33. Sandstone and clay slate beneath 
the Palisades, pp. 34--37. Earth and soil 
with bones of land-animals ancl charcoal 
under the red sandstone at Nyack, and 
consideration of age based on this [sup
posed] observation, pp. 59-62. Trap for
mation or greenstone rock overlying the 
red sandstone, pp. 62, 64. 

Akron, Pa. Boundary oftheNewarknear (Frazer 
'80, p. 44). 

Alabama. Indications of Newark rocks in (Win
chell, '56, p. 93). 

Mention of trap dikes in (Bradley, '76. E. 
A. Smith, '78, pp. 139,142. E. A. Smith, 
'83, p. 556. 

Albemarle county, Va. Boundary of the Newark 
in (W. B. Rogers, '39, p. 74). 

Brief account of sandstone in (W. B. Rogers, 
'36, pp. 81, 82). 

Aldie, Va. Detailed description of geology near 
(\V. B. Rogers, '40, p. 66). 

ALEXANDER, JOHN H. 183<!. 
Report on a projected geological and topo

graphical survey of the state of Mary
land. 

See Ducatel and Alexander, 1834. 
AJ1EXANDER, J. H. Cited on Newark limestone 

in Maryland (Shaler, '84, p. 177, pl. 46). 
Alexsocken Creek, N. J. Analysis of trap from 

(Cook, '68, p. 216). 

Alexsockeu Creek, N. J.-Continued. 
Trap north of the (Cook, '68, p.192). 
Trap rock of (Cook, '82, p. 62). 

ALGER, F. A. ' 18iil, 
Value of sandstones as building material. 
In Ann. Sci. Discov., 1851, pp. 287-289. 
Discusses the relative value of sandstone from 

several Newark areas for building pur· 
poses. 

ALGER, FRANCIS. 1827. 
Notes on the mineralogy of Nova Scotia. 
In Am. Jour. Sci., vol.l2, pp. 227-232. 
Contains brief references to sandstone, trap, 

etc., and some account of iron and cop· 
per ores. 

ALGER, FRANCIS. 1828-1829. 
A description of the mineralogy and geology 

of a part of Nova Scotia. 
See Jackson and Alger, 1833. 

ALGER, FRANCIS. 1833. 
Remarks on the mineralogy and geology of 

Nova Scotia. 
See Jackson and Alger, 1833. 

ALLEN, 0. D. Analysis of trap from Saltonsall 
Lake, Conn. (J.D. Dana, '73, vol. G, p.107). 

Allerville, N. J. Bounuary of Newark near 
(Cook, '68, p.175). 

Dip in conglomerate and breccia at (Cook, 
'82, p. 28). 

Dip near (Cook, '68, p. 197). 
Al1>ine, N. J. Altered shale near (Cook, '83, p. 

24). 
Dip in indurated shale at (Cook, '82, p. 24). 
Indurated shale at (Cook, '82, p. 46). 
Indurated shale near (Darton, ,'90, p. 51). 
Mention of b)lilding stone near (Cook, '81, 

p.43). 
Sandstone quarries at (Cook, '79, p. 21). 

Altland mine, Pa. Dolorite from (C. E. Hall, '78, 
p.49). 

Ambrose Brook, N. J. Dip at (Cook, '68, p.196). 

Amherst County, Va. Brief account of sandstone 
in (W. B. Rogers, '36, pp. 81, 82). 

Amherst, Mass. Brief aecount of trap near (E. 
Hitchcock, '23, vol. 6, p. 49). 

Notice of conglomerate near (Nash, '27, p. 
246). 

Reference to trap at (Stodder, '57). 

Amherst College, lUass. Descriptive catalogue of 
footprints in Hitchcock cabinet (C. H. 
Hitchcock, '65). 

Amherst ])luseum. Recent additions to (C. H. 
Hitchcock, '88, pp.120, 121). 

Amityville, Pa. Detailed account of dip of shale 
and sandstone near (d'Invilliers, '83, p. 
214). 

Amsterdam, N.J. Boundary of Newark at (Cook, 
'68, p.175). 

Sandstone near (Cook, '68, pp. 75, 97, 98). 
Thickness of Newark near (Cook, '68, 175). 

A.mygdaloid, absence of, in the dikes traversing 
the Primary rocks of Connecticut (Per· 
cival,'42, p. 312). 

At Black Rock, N. S. (Gesner, '36, P: 198--203) 
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Amygdaloid-Continued. 
Blomidon, N. S. Beneath compact trap (Daw

son, '47, p. 55. Dawson, '78, pp. 90, 91, 93. 
Gesner, '36, pp. 210-229). 

Cape D'Or, N. S. (Gesner. '36, pp. 234-237). 
Digby neck, N. S. Beneath trap (Gesner, 

'36, p. 175.) 
French cross, N. S. (Gesner, '36, p. 197). 
Gerrish's mountain, N. S. (Dawson, '47, p. 52). 
Granville, N. S. (Gesner, '36, p.187). 
Hall's harbor, N. S. (Gesner, '36, p. 225). 

.Partridge island, N. S. Beneath trap (Ges-
ner, '36, p. 244). 

Paterson, N . .J. Brief account of (.T. H. Hunt, 
'90). 

Saint Croix, N. S. (Gesner, '36, p.190). 
Sandy Cove, N. S. \Gesner, '36, pp. 177, 182). 

(.Jackson and Alger, '33, p. 232, Swan Creek, 
N. S. (Gesner '36, pp, 251-252. 

In Connecticut valley (W. M. Davis, '88. W. 
M. Davis, '89, pp. 62, 63. Davis and Whit
tle, '89. E. Hitchcock, vol. 6, pp. 61-52. 
E. Hitchcock, '47a, p. 200. Hovey, '89, pp. 
368,369. Percival, '42, pp. 315, 322-410). 

In Massachusetts. Brief account of (E. 
Hitchcock, '35, pp. 40-i, 405). 

In North mountain, N. S. (Gesner, '3G, pp. 
221, 224). 

In Nova Scotia (Dawson, '78, p. 87. Honey
man, '88). 

On Grand Manan island, N. B. Description 
of (Bailey, '72, p. 45). 

On Long island, N. S. Beneath trap (.Jack
son and Alger, '33, p. 223). 

Amygdaloid with indurated bitumen near Farm
ington, Conn. (Percival, '42, pp. 375-376). 

Used as an iron ore at East Haven, Conn. 
(Percival, '42, p. 325). 

Amygdaloid. (See also Trap). 
Analysis of coal from Boggan's cut, N. C. (Kerr, 

'75, pp. 294-295), 
From Dan river coal field, N. C. (Chance '85, 

pp. 47, 64-66. Kerr, '75, p. 295). 
From Deep river coal field, N. C. (Battle, '86. 

Chance, '84. Chance, '85, pp. 36, 39, 42, 
45, 46, 49. Clarke, '87, p. 146. Emmons, 
'56, pp. 246-254. Emmons, '57a, p. 8. 
.Jackson, 56a, pp. 31-32. \V. R. .Johnson, 
'50, pp. 9-17. W. R. .Johnson, '51a. Kerr, 
'75, pp. 293-294. McGehee, '83, p. 'i'6. 

• Wilkes, '58, pp. 10-12). 
From North Carolina (Macfarlane, '77, p. 

525. Williams, '85, p. 59). 
From Richmond coal fielcl, Va. (Chance, '85, 

p. 19. Clemson, '35. Clifford, '87, p. 10. 
De La Beebe, '48. Lyell, '47, pp. 270,273. 
Macfarlane, '77, p. 515. Silliman ancl 
Hubbard, '42. ·williams, '83, p. 82. Wool
clriclge, '42, pp. 10-11). 

From West Springfield, Mass. (E. Hitch
cock, ,41, p. 141). 

:From York county, Pa. (McCreath,'79, pp.102-
103). 

Analysis of' coke, natural, from RicluuonJ coal 
field, Va. (Clark, '87, p. 146. Clifford, '87, 
pp. 10-14. De La Beebe, '48, p. lxvi. W. 

Analysis of coke, uatural-Coniinuecl. 
R. J obnson, '42 . W. R . .Johnson, '50, pp. 
155-156, 175-176. Lyell, '47, pp. 270-273. 
Macfarlane, '77, p. 508. Ra.vmond, '83. 
W. R. :Rogers, '40, p.124. \Vurtz, '75). 

Analysis of conglomerate from Bucks county, 
Pa. (C. E. Hall, '81, p. 24). 

From ncar Morrisville, Pa. (C. E. Hall, '81, 
pp. 24, 111). 

From New Germantown, N . .T. (Cook, 'G8, p. 
393). 

Analysis of copt)er ore from Bonnaughton, near 
Gettysburg;, Pa. (Frazer, '77. Frazer, 
'80, pp. 300-301). 

From Bridgewater mine, N . .J. (Cook, '81, p, 
40). 

From Grand Manan island, N. B. (Chapman, 
'72). 

From Summerville, N . .J. (Bowen.) 
Analysis of coprolites from Connecticut valley 

(S. L. Dana and E. Hitchcock, '45. E. 
Hitchcock, '41, p. 461. E. llitcbcock, '44a, 
p. 310). 

Analysis of flagstone from Milford, N . .J. (Cook, 
'68, p. 516. Shaler, '84, p.144). 

Analysis of gmelinite from Nova Scotia (Howe, 
'76) . 

Analysis of gyrolite from Nova Scotia (Howe. 
'61). 

Analysis of iron, native, from New .Jersey (Cook, 
'83, p. 163). 

Analysis of iron ore from .A.ltlancl mine, Pa. (In
villiers, '86, p. 1507). 

From Belle's mine, Pa. (d'Invilliers, '86, p. 
1306). 

From Deep river coal field, N.C. (Emmons, 
57a, p. 10. Wilkes, '58, pp.l2-17). 

From Dillsburg and Wellsville, Pa. (Frazer, 
'77 1 PP• 233-237). 

From Egypt, N. C. (Emmons, '57, pp. 32, 33. 
Kerr, '75, p. 229). 

From Farmersville, N. C. (Emmons, '56, p. 
264). 

From Fritz island mine, Pa. (d'Invilliers, '83, 
pp. 338-330). 

From Ga.bel mine, Pa. (d'Invilliers, '83, pp. 
331-333) . 

From Gulf, N.C. (Kerr, '75, pp. 226, 227, 228). 
:From Haywood, N.C. (Kerr, '75, p. 225). 
From Landis (Fuller) mine, Pa. (d'Inviliiers, 

'86, p.1514). 
:From Logan mine, Pa. (cl'Invilliers, '86, pp. 

1511, 1512). . 
From Longnecker mine, Pa. (d'Invilliers, '86, 

p.1510). 
From McClure mine, Pa. (d'Invilliers, '86, p. 

1513) .. 
From McCormick mine, Pa. (d'Invilliers, '86, 

p.l512). 
:From North Carolina (Kerr, '75, p. 232. Wil

lis, '86, p. 306). 
]'rom Underwood mine, Pa. (cl'Invilliers, '86, 

p.1507). 
]'rom Warwick mine, Pa. (cl'Invilliers, '83, pp. 

324-325). 
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Analysis of iron orc-Continned 
From Wheatfield mine, Pa. (G' Invilliers, '83, 

pp. 348, 349). 

Analysis of limestone from Dillsburg, Pa. (Fra-
zer, '77, p . 308). 

From Feltville, N . .J. (Cook, '68, p. 214). 
From North Carolina. (Emmons, '58). 
From Prince Edward island (DawsonandHar· 

rington, '71, p. 41). 
From York county, Pa. (McCreath, '81, pp. 

'77-80). 

Analysis of sandstone from Connecticut (Shaler, 
'84, p.l27). 

From Hancock, Md. (Clarke, '89). 
From Haverstraw, N.Y. (Darton, '83). 
From Morrisville, Pa. (Genth, '81, p.lll.) 
From Newark, N . .J. (Darton, '83. Schweitzer 

'70). 
From New Durham, N . .J. (Darton, '83). 
FromNew.Jersey(Cook, '68, llp.515-516. S.P. 

Merrill, '84, p. 26. Schweitzer, '71. Wurtz, 
'71. Wurtz, '72). 

From the Palisades, N . .J. (Newberry, '70). 
From Washington valley,N . .J. (Cook, '68, p. 

50!)). 

Analysis of shales from Egypt, N. C. (Emmons, 
'56, p. 287. Emmons, '57, p. 31). 

From New Brunswick, N . .J. (Cook, '68, pp. 
384-385). 

From New .Jersey (Cook, '68, pp. 384-385. Dar 
ton, '83a). 

From Springfield, Mass. (.Jackson, '50a). 

Analysis of trap by G. W. Hawes (E. S. Dana, '75), 
decomposed, from near Sanford, N. C. 
(Clarke, '87, p.138). 

Analysis of trap from Cornwall iron mines, Pa. 
(Lesley and d'Invilliers, '85, p. 497). 

From Farmington hills, Conn. (Hawes, '75a). 
From Gettysburg, Pa. (]'razer, '77, pp. 309-312). 
From Gulf mills, Pa. (Genth, '81; pp. 133-134. 

C. E. Hall, '81, pp. 20. 133-134). 
From .Jersey City, N . .J. (Hawes, '82, pp.131-

132). 
From Montgomery and Bucks counties, Pa. 

(C. E. Hall, '81, p. 20). 
From New Durham, N.J. (Darton, '83). 
From New .Jersey (Cook, '68, pp. 215-218). 
FromN ew <T ersey and Connecticut (.J.D. Dana, 

'73. vol. 6, p. 106). 
From Palisades, N . .J. (Newberry, '70). 
From Pennsylvania (Frazer, '82, pp. 147-150. 

Genth, '81, pp. 94-99. Lewis, '85, p. 454). 
From Saltonsall la.ke, Conn. (.J. D. Dana, '73, 

vol. 6, p. 107). 
From Virginia (Campbell and Brown, '90). 
From West Rock, Conn. (E. S. Dana, '77. 

Hawes, '82, p. 132). 
From West Rock, Conn. , and from near York, 

Pa. (Frazer, '75a, pp. 404-409). 
JJ'rom Williamsons point, Pa. (Frazer, '78). 
From York, Pa. (Frazer, '76, pp.122-124). 

Analysis of trappean soil from Chester county, 
S.C. (Hammond, '84, p. 497). 

From New .Jersey. (Cook, '78, pp. 37, 38). 

Analysis of w:tter from an artesian well at 
ham, N.C. (Venable, '87). 

From an artesian well at Jersey City, N.J. 
(Ward, '79, p. 132). 

From an artesian well at Newark, N.J. (Cook, 
'80, p. 163. Cook, '82, pp.142, 143). 

From an artes-ian well at Orange, N.J. (Cook, 
'85. pp. 118-122). 

From Orange and Newark,N.J.(Cook,'M, 
pp. 132-137). 

From an artesian w ell at Paterson, N. J. 
(Cook, '82, pp. 144, 145, 146. Cook, '85, pp. 
116-117). 

From an artesian well at Plainfield, N. J. 
(Cook '82, p. 147). 

Anderson's coal mine, Va • .Analysis of coal from 
(Clemson, '35. Clifford, '87. p.10. Macfar
lane, '77, p. 515. Williams, '83, p. 82). 

Brief account of (Macfarlane, 77, p. 507). 
Notes on (Tay lor. '35, p. 284). 
Thickness of coal in (W. B. Rogers, '36, p. 53. 

Taylor, '35, p. 282). 
ANDREWS, E. B. 1876, 

Notice of new and interesting coal plants from 
Ohio. 

In .Am . .Ass . .Adv. Sci., Proc., vol. 24, part 2, 
pp. 106-109. 

.A reference to the fossil plants of theN ewark 
system. 

ANDREWS, G. W • .Analysis of coal from Rich· 
mond eoal field, Va. (Clifford, '87, p. 10). 

Annandale, N. J. Gneiss bordering the Newark 
system near (Nason, '89, p. 16). 

Annapolis, N. S. · Newark outcrops near (Chap· 
man, '78, p. 111-112). 

Annapolis basin, N. S. Description of (Dawson, 
'78, p. 95). 

Excavation of (Russell, '78, p. 221). 
View of entrance to · (J.ackson and .Alger, '33, 

pl.1). 

Annapolis gut, N. S. (See Digby gut.) 
Description of (Jackson and .Alger, '33, p. 238). 
Description of rocks at (Dawson, '78, p. 95). 

Annapolis town, N. S. Rocks near (Gesner, '36, 
p. 73). 

ANONYltiOUS. 1838. 
[On the occurrence of fossil fishes at Middle· 

field and Westfield, Conn.] 
In .Am. Jour. Sci. , vol. 34, pp. 198-200. 
Describes the localities ment,ioned at which 

fossil :fishes have been obtained. 

ANONTIIOUS. 1888a. 
Newly discovered ichnolites. 
In .Am . .Jour. Sci., vol. 33, pp. 201-202. 
Brief mention that fossil footprints have been 

discovered at Middletown, Conn. 

ANONTIIOUS. 1SS9. 
Solid impressions anu casts of drops of rain. 
In .Am. Jour. Sci., 2d ser., vol. 37, p. 371. 
Certain peculiar effects of raindrops on ashes 

and mud described, which are considered 
as similar to certain peculiar markings 
found in the sandstone of the Connecticut 
valley. 
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ANONYMOUS. 1854. ARCIIIAC, A. d'-Continued. 
Catalogue of fossils from the Connecticut 

\'alley and New .Jersey, in the New York 
State Cabinet at Albany, N. Y. 

In Seventh Annual Report of the New York 
State Cabinet of Natural History, pp. 
60-63. 

Comprises brief description of nine slabs of 
sandstone from South HacUey falls and 
Turner's falls, Mass. Also brief descrip
tions of slabs with fossil :fishes from Sun
derland, Mass., and Boonton, N . .J. 

ANONYMOUS. 1869. 
North Carolina Land Company. A statisti· 

cal and descriptive account of the several 
counties of the state of North Carolina. 
Raleigh, pp. 1-138, and a map. 

Contains brief account of the value of the coal 
aml iron in the Newark rocks of North 
Carolina, pp. 103, 104, 108. 

Anson county N. C. Bones of a saurian from 
(Emmons, '56, pp. 335-337, pl. 5.) 

Isolated area of the Newark in (Emmons, '56, 
p. 242). 

Anticlinal. At Gallas point, P. E. I. (Dawson 
and Harrington, '71, pp. 17, 18). 

In Adams county, Pa. Detailed record of 
(Frazer, '77, p. 267). 

Berks county, Pa. (d'Invilliers, 83, p. 201). 
Connecticut valley. Brief discussion of 

(Hovey, '89, p. 380). 
Pennsylvania and the Connecticut valley, etc. 

(Frazer, '82, p. 171). 
Near Emigsville, Pa. (Frazer, '76, p. 88, pl. 

op. p. 92). 
Near Ironstone station, Pa. (d'Invillie,rs,' 83, 

p.49). 
On Prince Edward island (Bain and Dawson, 

'85, p. 156). 
Antigonish county, N. S. Brief references to 

Newark rocks of (Honeyman, '67, pp.108, 
118). 

Appalachians, sections. (H. D. Rogers, '56, pl. 8). 
After Rogers. (Lyell, '66, p. 497). 

Appleton cabinet. Amherst colloge. Donations 
for (E. Ritchcock, '58, p. 2, pl. 4). 

Description of footprints in (E. Hitchcock. '58, 
pp. 53-190). 

APPJ,E'l'ON, SA!UUEL. Donation to Amherst 
college (E. Hitchcock, '58, pp. 1, 2). 

Appomattox river, V:t. Coal founcl near the 
(Pierce, '28, p. 58). 

ARCHIAC, A. d'. 18o8. 
[Remarks on the Permian and Triassic. in 

North America.] 
In France, Geol. Soc. Bnll., 2tl ser., vol. 15, 

pp. 532-533. 
Contains a brief resume of the observations 

of E. Emmons in Virginia and North 
Carolina. 

ARCHIAC, A. d'. 1860. 
Histoire de Progres .de la geologie de 1834 a 

1859. 
Paris, 1847-1860, vols. 1-8. 
;rhe eighth ,-olume treats of the Triassic; in 

it chapter 12 is devoted to a review of the 

Bull. 85-10 

Triassic formation of North America, pp. 
633-655. A general resume of the Triassic 
formation wherever found is given on pp. 
663-672. 

Area of Newark in New Brunswick and Nova 
Scot,ia (Dawson, '78, p. 111). 

In New .Jersey (Cook, '68, p. 176. Cook, '79, p 
14). 

In North Carolina (Kerr, '75, pp. 141, 146). 
On Grand Mauan, N. B. (Bailey, '72, p. 219), 

Arendtsville, Pa. Boundary of the Newark near 
(Frazer, '82, p. 123). 

Isolated area of Newark in Huronian schist 
near (Frazer, '77c, p. 651). 

Arkose of P:tlis:ules, N.J. (Cook, '82, p. 33. Dar
ton, '90). 

Arlington, N. J. Description of a copper mine 
near (Rm;sell, '80). 

Detailed description of trap rock near (Dar
ton, '90, pp. 56-59}. 

Dip in sandstone near (Russell, '78, p. 223. 
Cook, '82. p. 24). 

Fault at (Cook, '82, p. 16. Cook, '83, p. 25). 
Origin of trap rock near (Darton, '8!), p. 138). 
Quality of stone near (Cook, '81, p. 43). 
Reference to fault near (Cool.:, '89, p. 14). 
Sandstone exposed near (Russell, '78, p. 223). 

Artesian wells at Durham, N.C. Depth and an
alysis of water from (Venable, '87). 

At Northampton, Mass. (Emerson,'87, p.I9). 
At South Hadley, Mass., an account of (E. 

Hitchcock, '41, p. 525). 
In New .Jersey (Cook, 79, pp. 30, 31. Cook, 

79, pp. 126-129s131, 132, 133, 139, 150. Cook, 
'80, pp. 162-166, 172). 

AshlJe(l in Connecticut (Chapin, '91). 
ASHBURNER, CHARLES A. 1886. 

Coal. 
In U.S. Geol. Surv., Mineral Resources, calen

dar year 1885, pp. 10-73. 
Gi \'es production of coal in Richmond coal 

:field for 1885, p. 69. 
ASHBURNER, CHARI.-ES A. 1887. 

Coal. 
In U.S. Geol. Surv., Mineral Resources, calen

dar year 1886, pp. 224-377. 
Contains a brief account of the Ricluuoncl 

coal :field, Va., pp. 352-353. 
ASIIBUltNER, CIUULES A. 1888. 

Coal. 
In U. S. Geol. Surv., Mineral Resources, calen

dar year 1887. 
Gives production of Richmond coal :fielcl for 

1887, p. 361. 
Ashland, V:t.. Description of Newark area near 

(Heinrich, '78, pp. 229-230). 
Aspimv:tll shaft, Va. Fossil plants from (Fon

taine, '83, p. 3). 
Athol, Dlass. A locality for fossil footprints (E. 

Hitchcock, '48, p. 132). 
Atkins, J. Cited on the prospects of the Rich· 

monel coal :field (Ash burner, '87, p. 353). 
Atlaud iron mine, Pa. Description of (cl'Invi\· 

lier8, '86, pp.1506-1507). 
Section of (Frazer, '77, pl. o~. p. 232): 
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Atbntic ocean. Section from, to the Mississippi 

(Lyell, '45, vol. 1, p. 92). 
Pacific (J. Hall, '52, accompanying). 

Attleboro, Pa. Section near (Frazer, '77a, p. 495). 
Avon, Conn. Building stone in (Percival, '42, p. 

439). 
Copper mines of (Percival, '42, p. 318). 

Avondale, N.J. Character of the rocks in quar
ries near (Nason, '89, p. 22). 

Sandstone quarry near (Cook, '79, p. 22). 
B:tchclors Hall, Va. Boundary of Newark near 

(Heinrich, '78, p. 238. \V. B. Rogers, '39, 
pp. 74-75, 76). 

BAILEY, I~. \V. 1865. 
Obscrvat.ions on the geology of southern New 

Brunswick. 
In Observations on the geology of southeast· 

ern New Brunswick, made principally 
tluringthe summer of1864 by Prof. L. W. 
Bailey, Messrs. George F. Matthew ancl 
C. F. Hartt, prepared and arranged with 
a geological map by L. W. Bailey, Fred· 
erict.on, pp. 1-122, 130, map. 

Contains an account of certain terranes erro
neously referred to the Newark system 
by Gesner, pp. 5, 6; also a list of localities 
where Newark rocks clo occur, p. 5, and 
a tabular view of the rocks of New Bruns
wick, p.13. 

BAILEY, I~. W. 1872. 
On the physiography and geology of the is

land of Grand Manan. 
In Canadian Nat., n. s., vol. 6, pp. 43-54, and 

map. 
A somewhat detailed tlescriptiou of the geol

ogy of Grand Manan and the small islands 
ncar it. The occurrence of sandstone b e· 
neath trap at Dark harbor is described. 

BAILEY, I,. W. 1879. 
Report on the pre-Silurian (Huronian) and 

Cambrian or Primordial rocks of southern 
New Brunswick. 

In Geological Survey of Canada, report of 
progress for 1777-'78, pp.1DD- 34DD. 

Contains a table showing the stratigraphic 
position of the Newark rocks of southern 
New Brunswick, p. 2DD. 

BAILEY, L. W. 1885. 
On geological contacts and ancient erosion in 

southern and central New Brunswick. 
In Canada Roy. Soc., Proc. and Trans., vol. 

<!, sec. 4, 1884, pp. 91-97. 
Contains a brief statement to the effect that

the contact of the Carboniferous and Trias 
in southeastern New Brunswick lJas been 
observed. Conformit.y or nonconformity 
notmentioned, p. 97. 

BAILEY, L. W. Cited on microBcopical exam ina. 
tion of fossil wood from Southbury, Conn. 
(K Hitchcock, '43b, p. 294-295). 

Cited on oyertlow trap sheets on Grand 
Manan island (W. M. Davis, '83, }). 297). 

~AILEY, L. W. Cited 011 trap dikes on Grand 
Manan island, +'1", ~- (W, ;1\'1:, Davis. '83, 

P· ?9~), 

BAILEY, I~. W. - Continued. 
Notice of work done by, in New BrnnHwiok 

(Miller, '79-'81, vol. 2, p. 156). 

BAILEY, L. W., and GEO. F. lUATTHEW. 1!!72. 
Preliminary report on the geology of south· 

ern New Brunswick. In Geological Sur..
vcy of Canada, report of progress for 
1870-1871, pp. 13-240. 

Contains a description of the Newark rocks 
at Red heau, Quaco head, Salisbury 
cove, and Grand Manan island, pp. 216-
221, 225, 226. 

BAILEY, I~. W., and S. F. MATHEW. Cited on 
the relation of trap and sandstone on 
Grand Manan (W. M. Davis, '83, p. 285). 

BAILEY, L. W., G. F. ~IATTHEW, and R. W. 
ELLS. 1880. 

Report on the geology of southern New 
Brunswick, embracing the counties of 
Charlotte, Sunbury, Queens, Kings, St. 
John, and .Albert. In Geological Survey 
of Canada. Report of progress for 1878-
1879, pp. i-ivD, 1-26D, and maps. 

Contains descriptions of the small Newark 
areas at Red head, Quaco head, Martins 
head, and Salisbury cove on the west 
shore of the bay of Fundy, and nlso of the 
trap and sandstone on Graml Manan 
island, pp. iD, 21-23D, and maps. 

B:tiley's hill, ~lhllothian, Va. Detailed section 
at (Heinrich, '73, p. 349). 

BAIN, F. 1887. 
On a l'ermian moraine in Prince Edward 

island. 
In Canadian Rec. Sci., vol. 2, pp. 341-343. 
In describing what is considered a moraine 

of Permian age, mention is made of an un
conformity at what is supposed to be tho 
top of the Carboniferous. 

BAIN, F. Cited on the geology of Prince Eel
ward island (Bain and Dawson, "85, pp. 
156-158). 

BAIN, FRANCIS, and SIR WII~LIAM DAWSON. 
1886. 

Notes of the geology and fossil1lora of Prince 
Edward island. 

In Canadian Rec. Sci. , vol. 1, pp. 154-161. 
Describes the geology of Prince Edward 

island, ancl discusses the relation of the 
fossil plants found in the upper portion of 
the strata composing the island. The ex
tent of the Permo-carboniferons strata is 
stated to be considerably larger than was 
formerly supposed. 

B:tinbridge, Pa. Boundary of the Newark sys
tem near (Frazer, '80, ]), 13, 34. Frazer, 
'82, p. 123. Lea, '58, p. 92. H. D. Rogers, 
'58, vol. 2, }l. 668). 

Calcareous conglomerate near (H. D. Rogers, 
'58, vol. 2, p. 677). 

Conglomerate near (H. D. Rogers, '39, p.19). 
Detailed :tccount of conglomerate and sand· 

~tOP{llHlar (Fnt)ler, '801 p.lQ4), 
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Bakm·'s basin, N. J. Boundaries of the Newark 
system near (Cook, '89, p. 11. Cook, '68, 
p.176). 

Bald Pate mountain, N.J. Descriptionof(Cook, 
' 68, ])p. 60-61, 190-191). 

Detailed description of (Darton, '90, pp· 
59-61). 

Dip in shale near (Cook, '82, p. 26). 
Origin of trap of (Darton, '89, p. 138) . 

B:tldwins bridge, Va. Boundary of Newark near 
(Heinrich, '78, p. 235). 

BANNAN, BENJAMIN. 1866. 
Coal, iron, and oil. 
See Daddow and Bannan, 1866. 

Baptisttown, N. J. Qharacter of the formation 
near (H. D. Rogers, '40, p. 131). 

Dip in shale near (Cook, '82, p. 27). 
Barber's mills, N.J. Contact of trap and saml

stone at (Darton, '90, p. 30). 
Barboursville, Va. Boundaries and area of 

(Heinrich, '78, pp. 236-237). 
Boundaries of Newark near (Heinrich, '78, 

pp. 236-237. W. B. Rogers, '40, p. 62). 
Barker's mills, N.J. Dip near (Cook, '68, p. 198). 
Barley Sheaf, N. J. Dip in shale near (Cook, '82, 

p. 28). 
Barncote, N. S. Rock at (Dawson, '78, p. 88). 
Barn·door hills, Conn. Description of (Percival, 

'42, p. 407). 
Evidence of deformation furnished by (W. 

M. Davis, '86, p. 344). 
Origin of the structure of (W. M. Davis, '88). 
Topographic form of trap ridge near (Percival, 

'42,p. 306). 
Barnes gap, Conn. Description of trap ridges 

near (Percival, '42, pp. 372-375, 376). 
BARRATT, J. 1837. 

Bird tracks at Middletown, Conn., in the new 
red sandstone. 

In Am. Jour. Sci., vol. 31, p. 165. 
An extract from a letter to B. Silliman (by J. 

Barratt?) relating to the discovery of fos
sil footprints at Middletown, Conn. 

BARRATT, JOSEPH. 184c5. 
On fossil footmarks in the red. sandstone of 

the Connecticut valley. 
In Am. Assoc. Geol. and Nat., Proc., 6th meet

ing,p. 23. 
Records an observation on fossil footprints, 

made in 1836. 

BARRATT, JOSEPH. 1845a. 
On the evidence of congelation in the new red 

sandstones [ofthe Connecticut v.alley). 
In Am. Assoc. Geol. and Nat., Proc., 6th meet

ing,p.26. 
Describes certain markings seen on the sand

stones at Portland, Conn., supposed to 
have been produced by ice crystals. 

Barren hill, Pa. Brief account of trap dike near 
(II. B. Rogers, '58, vol, 1, p. 214). 

Barr's coal mine, Va. Analysis of coal from 
(Macfarlane, '77, p. 515). 

Barrett's quarry, Easthampton, lllass. Fossil 
footprints at (E, l.Ii~llcock, '58, :p. !)Q et 
seq. 

Bartle & Brother. Stone quarry of, near Martin
ville, New Jersey (Cook, '81, p. 54). 

Barto, Pa. Conglomerate near (d'Invilliers, '83, 
p.205). 

Baryta in New Jersey. (Cook, '68, pp. 709. 224). 
Near New Brunswick (Beck, '39). 

Basalt from Nova Scotia. General account of 
petrography of (Honeyman, '85, pp. 
122-124.) 

In New .r ersey. Lithological description of 
(Cook, '68, p. 207.) 

Basin of Minas, N. S. Description of (Jackson 
and Alger, '33, pp. 259,277. 

Excavation of (Russell, '78, p. 221). 
Rocks near (Gesner, '36, pp. 73, 74). 
See also Minas Basin. 
Stratified rocks on the north shore of (Jack

sou ancl Alger, '33, pp. 279-284). 
View of islands in (Jackson and Alger, '33, 

pl.4). 
Basking Ridge, N.J. Abandonetl quarries near 

(Cook, '81, p. 55). 
Coal reported at (Cook, '68, p. 696). 
Description of (Cook, '82, p. 57). 
Dip in shale near (Cook, '79, p. 30. Cook, '82, 

p.30). 
Dip near (Cook, '68, pp.l98, 199). 
Diverse dips near (Nason, '89, p. 19). 
Reference to geological features of (H. D. 

Rogers, '40, p.133). 
Sandstone quarry near (Cook, '79, p. 23). 

Basking ,ridge trap, N.J. Description of (Cook, 
'68, pp. 187, 188). 

Bass creek, N. S. Dip of sandstone at (Dawson, 
'78, p. 91). 

Bass river, N. S. Coast section near (Dawson, 
'47, p. 56). 

BATTLE, H. B. 1886. 
Analyses comparing the bituminous coals of 

North Carolina and Teunes~. 
In Elisha Mitchell Sci. Soc., Jour., 1885-'86, 

pp. 51-53. 
Presents analyses of coal from the Deep 

river and Dan river coal fields, N.C. 

Baxters harbor, N. S. Minerals of (Willimott, 
'84, p. 27L). 

Bay of Fundy. Dip of the Newark on the shores 
of (Russell, '78, p. 221). 

Present condition of, as illustrating the mode 
of formation of the Newark sandstones 
and shales (Russell, '78, pp. 226,227, 254). 

Section on east side of, after C. T . .Jackson 
and F. Alger (W. M. Davis, '83, p. 280, pt 
9). 

Bayonne, N. J. Dip ih sandstone at (Cook, '82, 
p. 24). 

Faults in trap ridge near (Darton, '90, p. 42). 
Mention of buildjug stone near (Cook, '81, p. 

43). 
Sandstone between trap ridges at (Cook, '82, 

p. 45). 

Bear rh•er, N. S. Note on iron ores near (Alger, 
'27, p. 231). 

Beatty's quarry, N.J. Dip of sandstone at) Cook, 
'79, p. 30), 
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Beatty's, n.., Stone quarry at Little Falls, N.J. 
(Cook, '81, p. 49). 

BEAUMONT, ELIE DE. 1834:. 
Sur quelques points do la question des era

teres de soulevements [etc., etc.]. 
In France;"" Geol. Soc. Bull, 1st ser., vol. 4, pp. 

225-291. 
Contains a brief account of the trap coulee on 

the east side of the bay of Fundy. Com
piled from the writings of Jackson and 
Alger, pp. 247,248. 

BEAUMONT, ELIE DE. 
Cited on the age of the Newark system (Lea, 

'53, pp. 185,188. 
Cited on the age of the sandstone of the Con

necticut valley (Jackson, '50, p. 336). 
Beaver pond, Conn. Concerning trap ridges in 

(Percival, '42, p. 377). 
Description of trap ridges near (Percival, '42, 

p. 371). 
Shale occurring near (PerCival, '42, p. 433). 

Be:tvertown, N. J. .Trap hill near (Cook, '68, p. 
186). 

Bechtelsville, Pa. Trap dikes near (tl'Invilliers, 
'83, p. 200). 

BECK, LEWIS C. 1839. 
Notices of the native copper, ores of copper, 

ltlld other minerals found in the vicinity 
of New Brunswick, N.J. 

In Am. Jour. Sci., vol. 36, pp. 107- 114. 
Republished in Geol. of New Jersey, 1868, pp. 

218-225. 
The occurrence of copper ores, barytes and 

mountain leather near New Brunswick is 
describeu, and also the discovery of bitu
men near Somerville, N J. , pp. 108, 111, 
113,114. 

BECK, LEWIS C. 1843. 
N oticei. of some trappean minerals found in 

New Jersey and New York. 
In Am. Jour. Sci., vol. 44, p. 54-60. 
Devoted entirely to the description of miner

a}g, found principally at Bergen hill. 
Beckell's mills, Pa. Brief account of trap dike 

near (H. D. Rogers, '58, vol. 1, p. 214). 
Beckley, Conn. Description of the geology near 

(W. M. Davis, '83, pp. 264- 265). 

Bedeque bay, P. E. I. Limestone near (Dawson 
and Harrington, '71, p. 34). 

BEECHEn., C. E. Cited on a fossil shell from the 
Newark rocks of New Jersey (Nason, 
'89, p. 29). 

Beech island, Va. Boundaries .of the Newark 
near (W. B. Rog&s, '40, p. 63). 

Beekman's quarry, near Pluckamin, N.J. Char
acter of rocks in (Nason, '89, p. 23). 

Beelers crossroads, Pa. Conglomerate at (Fra
zer, '85, p. 403). 

Dip and strike near (Frazer, '77, p. 271). 
Dip of shale at (Frazer, '76, p. 92). 

Bel<len artesian well, N ortltampton, l'lass. Depth 
of (Emerson, '87, p.19). 

Bell coal mine, Va. Notes on (Taylor, '35, pp. 
284, 285). 

Belle mountain, N. J. rescription of (Cook, '118, 
p. 191. Cook, '82, p. 61. Darton, '90, p. 68: 
H. D. Rogers, '40, pp.151, 152). 

Origin of trap rock of (Darton, '89, p.l38). 
Belleville, N. J. Altered shale near (Cook, '83, 

p.24). 
Character of the rocks in quarries near (Na-

son, '89, p. 22). 
Copper mines near (Cook, '68, p. 676). 
Copper ore at (Cook, '71, pp. 55, 56). 
Description of copper mines near (H. D. 

Rogers, '40, p. 160. Rogers, '36,pp.167-168). 
Description of quarries at (Cook, '81, pp.44-47). 
Description of samlst,one near (Cook, '68, 

p. 209). 
Dip at (Cook, '68, p. 196). 
Fault near (Cook, '83, p. 25). 
Fossil bone from (Cook, '85, p. 95). 
Fossil plants at (A.kcrly, '20, p. 36. Cook, 

'79, p. 26). 
Fossil tooth found at (Pierce, '20, p.194). 
Mention of fossil bones found at (Finch, '26, 

p. 212). 
Mention of fossil fern from (Mitcbill, '26, 

p.6). 
M;mtion of fossils found at (Mitchill, '28, 

p.9). 
Plant:remains in sandstone near (Nason, '89, 

p. 23-28). 
Quarries of (Shaler, '84, p.141). 
Quarries at (Cook, '79, pp. 19, 20. Cook, '81, 

pp. 44-47). 
Reference to the early working of copper at 

(D. S. Martin, '88, p. 8). 
Referred to as a locality for copper ore (H. 

D. Rogers, '36, p.166). 
Sandstone quarries at (S. P. Merrill, '89, p. 

453). 
Supposed Lepidodendron from (Lesquereux, 

'79, pp. 26, 27). 
Work in quarries of (Cook, '81, p. 47). 
Vertebrate fossils reported to have been found 

near (Nason, '89, p. 28). 
View of quarry at (Cook, '82,pl.3). 

Bell's iron mine, near Dillsburg, Pa. Brief ac
count of (Frazer, '76d). 

Description of (d'Invilliers, '86, pp. 1505, 1506). 
Report, on (Frazer, '77, pp. 218-219). 

Belmont, N.J. Brief reference to trap bills near 
(H. D. Rogers, '36, p.159). 

Bellmont ridge, N. J. Description of trap and 
sandstone near (H. D. Rogers, '36, p. 156). 

Bellona arsenal, Va. Natural coke .near (CJif. 
foru, '87, p. 24). 

Benardsville, N. J. Diverse dips near (Nason, 
'89, p. 18). 

Benardsville, Pa. Catalogue of specimens of 
conglomerate, etc., from near (Frazer, '77, 
pp. 332-381). 

Bender's ore mine, Pa. Report on (Frazer, '77, 
pp. 226-228). 

Bendersville, Pa. An isolated area of Newark in 
Huronian schist near (Frazer, '77c). 

Conglomerate from (C. E. Hall, '78, pp. 50, 51). 
Benfield, P:t. Trap dikes and dip of strata near 

(cl'Invilliers, '83, p. 206). 



RUSSELL.) • LI'l'ERATURE. 149 

BENTON, EDWARD R. 188G. 
Notes on the samples of iron ore collected in 

Virginia. 
In report on the mining industries of tl1e 

United States [etc., etc.]. 
By Raphael Pumpelly. Iu Tenth Census of 

the United States, 4to Yol. 15, pp. 261-288, 
:mel a map. 

Contains a geological map of the western 
part of Virginia, showing Triassic area 
on the .James and Staunton rivers, pl. op., 
p. 261. 

Bergen city, N.J. Trap at (Creclner, '65, ]Jp. 392-
394). 

Bergen county, N.J. Folds in (Cook, '82, p.16). 
Oolite at Franklin in (Eaton, '30). 

Bergen bill, N.J. .Analysis of trap from (Cook, 
'68, p. 215) . 

.Analysis of trap rock from (Hawes, '75). 
Bored well at (Cook, '85, p.122). 
Bored well on (Cook, '82, p.140). 
Building stone of (Cook, '81, pp. 43. 44). 
Calcite from (vom Rath, '77). 
Contact of trap of, with sandstone, sla~s, etc., 

beneath (Russell, '80, pp. 37-41). 
Description of (Cook, '82, pp. 44, 45; Russell, 

'80, p. 36). 
Description of hayesine from (Darton, '82a). 
Description of indurated shales near (Dar-

ton, '83a). 
Description of minerals found at (Beck, 43). 
Fault in trap ridge at (Darton, '90, p. 42). 
Inclination of west face of, at New Durham 

(Darton, '83). 
.Joints in trap at (Cook, '68, pp. 204, 205). 
Minerals of the Weehawken tunnel (Cham

berlin, '83. Darton, '82). 
Native iron in the trap of (Cook, '74, p. 57). 
On the difference between the trap of, and the 

associated sandstone (Newberry, '83). 
Paving stones from (Cook, '79, p. 20). 
Paving stone quarries at (Cook, '68, pp. 522, 

523). 
Section of (Cook, '68, pp. 230, 231, 232). 
Thickness of trap sheet ncar (Darton, '90, 

p. 44). 
Trap in tunnel at (Credner, '65 pp. 392-394). 
Trap quarries at (Shaler, '84, p. 145). 
Trap rock of (Ward, '79, p. 150). 
Value of trap rockqnarrieclat (Cook, '81, p. 61). 

Bergen neck, N.J. Description of (Cook, '61!, pp. 
176-178). 

Trap exposed at (Russell, '80, p. 36). 
Bergen }!Oint, N. J. Boundary of trap outcrO]l at 

(Cook.'68, p.177). 
Brief reference to (Mather, '43, pp. 281). 
Briefreference to trap hills nea.r (H. D. Rogers, 

'36, p. 159. Russell, '78, p. 241). 
Outcrops of trap rock on (Darton, '90, 11. 38). 
Trap exposed at (Russell, '80, p. 36). 

Bergen tunnel, N.J. Boundary of j'ap outcrop 
at (Cook, '08, p. 177). 

Berglutrt's ore pit, Pn. Report on (Frazer, '77, 
p. 22il). 

Berks county, P;t. Report on the geology of (d'In
villiers, '83). 

Berlin, Conn. Brief reference to geology of (Per· 
cival, '22). 

Coal found in (E. Hitchcock, '41, p. 139). 
Concering co"'l in (E. Hitchcock, '35, p. 231). 
Concerning trap ridges in (Percival, '42, p. 

377). 
Contact metamorpllism in (Percival, '42, p. 

320). 
Limestone near (Percival, '42, p. 443). 
Map of trap ridges and faults near (W. M. 

Davis, '89c, p. 424). 
Overflow trap sheets near (W. M. Davis, '88, 

p. 464). 
Reference to a locality for fossil fish (.J. H. 

Redfield, '36). 
Reference to the occurrence of zinc at (E. 

Hitchcock, '35, p. 232). 
Report of the finding of coal at (E. Hitch

cock, '23, vol. 6, p. 63). 
Trap ridges near (Percival, '42, p. 365). 
View of trap ridges near (W. M. Davis, '89c, 

p. 425). 
Berlin, Pa. Character of strata near (H. D. 

Rogers, '58, Yol. 2, p. 679). 
Trap from near (C. E. Hall, '78, p. 44). 

Reruar(lston, lUass. Concerning tbe origin of the 
conglomerate in (E. Hitchcock, '35, p. 244). 

Conglomerate in (E. Hitchcock, '35, p. 214. 
E. Hitchcock, '41, p. 442). 

Dip of samlstone in (E. Hitchcock, '35, p. 223). 
Discovery of lime& tone in (E. Hitchcock, '35, 

pp. 38-39). 
.Junction of Newark system with slate in 

(E. Hitchcock, '35, p. 214) . 

Bemardvillc, N. J. Black shale with coal near 
(Nason, '89, p. 28). 

Boundary of Newark in (Cook, '68, p. 175). 
Near (Cook, '89, p. LL). 

Boundary of Second mountain trap near 
(Cook, '68, pp. 183, 185). 

Dip in shale near (Cook, '82, p. 29). 
Diverse clips near (Nason, '89, p. 18). 
Isolated trap hill near (Nason, '89, p. 37). 
Trap ridge near (Cook, '82, p. 57). 

Bernar(lsville station, N. J. Trap sheets near 
(Darton, '90, p. 29). 

BEST, P. Quarries of, near Stockton, N . .J (Cook, 
'81, p. 59). 

Bibliograpl1y of geological maps of the United 
States (H. Hitchcock, '86). 

Oft.he writings of James Dean (Bodwich, '61. 
Dean, '61, p.13, 14). 

Of works on the geology of the Newark (W. 
M. Davis, '8.1, pp. 250-258). 

With annotations (Miller, '79-'81, vol. 2). 

Rig dam, Pn. BoundaryoftheNewarknear(d'In
villiers, '83, p.198). 

Dip of conglomerate near (d'Invilliers, '83, pp. 
127, 191, 221). 

Big pmul, N. J. (See :Franklin Lake.) 

Big snake hill; N.J. Dip at (Cook, '68, p.196). 
See Snake hill (Cook, '68, pp.178, 179). 

Bird in Hand, P;l. .Analysis of trail from (Gentb, 
'81, pp.133-134). 
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Birds, fossil bones of. From North Carolina 
(Emmons, '57, pp.148, 149). 

:From Portland, Conn. (W. B. llogors, '60a). 
Bir!lsbot·o, Pa. Trap dikes near (cl'Invilliers, '83, 

pp. 200, 201). 

BisllOJl'S brook, N. S. Copper near (Willimott, 
'84, p. 20L). 

Bitumen. In amygdaloiu trap in Connecticut 
(Percival, '42, p. 320). 

In bituminous shale, Connecticut (cl'Percival, 
'42, pp. 451, 452). 

In Connecticut, brief statement concerning 
(Percival, '42, p. 428). 

In Connecticut and New ,Jersey (J.D. Dana, 
'78). 

Indurated, found near Farmington, Conn. 
(Percival, '42, pp. 375-376). 

In indurated shale near Bluff Head, Conn. 
(Percival, '42, p. 345). 

In sltale at Hart's Mills, Conn., mention of 
(Percival, '42, p. 443). 

In trap from Connecticut (E. S. Dana, '75). 
Near Somerville, N.J., brief account of (Beck, 

'39). 
Black Bear tavern, Pa. Boundary of the New

ark near (H. D. Rogers, '58, vol. 2, p. 668). 
Blackheath, Va. Analysis of coal from (De La 

Beebe. '48, p.lxv). 
Blackbeatll coal mine, Va. Analysis of coal from 

(Williams, '82, p. 82). 
A visit to (Lyell, '49, p. 284). 
Brief account of (Lyell, '47, pp. 263,264. Mac-

farlane, '77, p. 507). 
Condition of (Clifford, '87, p. 2). 
Explosions in (Taylor, '48, p. 49). 
Depth of (W. B. Rogers, 43b, p. 535). 
Description of fossil fishes from (Newberry, 

'88, p. 62). 
Fossil crustaceans from (Jones, '62, p. So). 
Fossil plants from (Fontaine, '83, p. 4). 
Mention of (Daddow and Bannan, '66, p. 401). 
Notes on (Taylor, '35, pp. 284,285, 292). 
Note on faults in (Taylor, '35, p. 292). 
Reference to (Cliftord, '87, p. 24, pl. 4). 
Section at (Clifrord, '87, pl. 4). 
Section at, showing coal on granit-e (Lyell, 

'47, p. 266). 
Situated in an isolated basin (Heinrich, '78, 

p. 232). 
Thickness of coal in (Lyell. '66, p. 452. Taylor, 

'35, p. 282). 
Blackmun' s mine, S. C. Description of trap dikes 

in ('.rnomey, '44, p.12). 
Black mounbin, ltlass. Descri11tion of scenery 

near (E. Hitchcock, '23, vol 7, p 12). 

Black }Jond, Conn. Trap ridges near (Percival, 
'42, pp. 351, 367). 

Black rock, Conn. Description of tra11 ridges 
near (Percival, '42, p. 329). 

Black rock, N. S. Description of (Gesner, '36, 
pp. 198-203). 

Minerals of (Gesner, '36, p. 199-203. Willimott, 
'84, p. 26L). 

Submerged ridges near (Dawson, '78, p. 96. 
Perley, '52, p. 159). 

Blacks eddy, N. J. Description of trap, contact 
metamorphism, etc .. ncar (H. D. Rogers, 
'40, p.156). 

Blackwells mills, N. J. Dip at (Cook, '68, p.l97). 
Dip in sandstone at (Cook, '68, p. 204). 
Dip in shale at (Cook, '82, p. 25). 
Origin of trap rock near (Darton, 89, p.l39). 
Section of trap dike at (Cook, '68, p. 204). 
Rmall dikes near (Darton, '90, p. 69). 
Small outcrop of trap near (Nason, '89). 
Trap dike near (Cook, '68, p. 204. Cook, '87). 

BJ,AINVILLE, H. D. DE. Cited on fossil fishes 
from the Newark system (Newberry, '88, 
p. 24). 

BLAKE, W. P. 1814, 
Geological map of the United States. 
See Hitchcock and Blake, 1874. 

Blawenburg, N. J. Dip in shale at (Cook, '82, 
p. 25). 

BLAYDEN, JOHN. Cited on section at Midlo
thian, Va. (Clifford, 87, p.l2). 

BLISS, GEORGE. 18ii0. 
Discovery of fossil remains in the valley of 

the Connecticut. 
See Wells and Bliss, 1850. 

Blomidon, N. S. Altitude of (Gesner, '36, pp. 
214, 222). 

Amygdaloid beneath basaltic tra1J at (Daw. 
son, '78, pp. 90, 91. ) 

Brief description of (Russell, '78, p. 221). 
Brief reference to (Gesner, '49). 
Character and height of (Marsters, '90). 
Coast section near (Dawson, '47, p. ti6). 
Contact metamorphism at (Ells, '85, p. 7E). · 
Description of (Dawson, '78, pp. 90-94. Gei· 

ner, '36, pp. 210-229). 
Description of Newark outcrops at (Dawson, 

'47, pp. 55). 
Dip of sandstone at (Dawson, '78, pp. 90, 91. 

Gesner, '36, p. 222). 
General account of (Honeyman, '79, pp. 27, 28). 
General account of petrography of trap from 

(Honeyman, '85, }Jp.122-124). 
Height of (Dawson, 78, p. 90). 
Iron ore at (Gesner, '36, p. 217). 
Mode of formation of amygdaloid and trap at 

(Dawson, '78, p. 93). 
Rocks of (Gesner, '36, pp. 72, 73, 74, 80, 170). 
Section of cliff at (Lyell, '45, vol. 2, p.172). 
Supposed c'arboniferous age of (Dawson, '78, 

p.109). 
Trap above sandstone at (Dawson, '78, p. 90). 
Trap rocks at (Gesner, '43). 
View of, in 1846 (Dawson, '78, pl. op. p. 90). 
(See also Cape Blomidon; North mountains). 

Bloomfield, N.J. Quarries at (Cook, '79, p. 19). 
Bloomsburg, N.J. Section from, to Dean's Pond, 

N.J. (Cook, '68, p. 199 and map in port
folio). 

Blue hills, Conn. Description of (Percival, '4:l, 
p. 372). 

Bluff head, ~onn. Description of trap ridges near 
(Percival, '42, pp. 337-339, 34.4, 352). 

Limestone near (Percival, '42, p. 444). 
Topographic form of trap ridge near (Perci· 

val, 42, p. 303). 
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Blunt's coal mine, Vn. Notes on (Taylor, '35, p. 
284). 

BOD\VICH, HENRY I. 1861. 
Biographical notice [of James Deane]. 
In Iclmographs from the sandstone of Con

necticut river, by James Deane, pp. 5-14. 
Contains an incomplete list of papers by 

James Deane, relating to fossil footprints 
from the Connecticut. valley. 

Boggan' !I cut, N.C. Anal,ysis of coal from (Kerr, 
'75, PP- 294, 295). 

BOLTON, H. C. Cited on hydrocarbons in the trap 
of Connecticut at (Russell, 78b). 

Bone, fossil, from Belleville, N. J. (Cook, '85, p. 
95). 

At Belleville, N.J. Mention of (Finch, '26, 
p.212). 

Bones, fossil, from East Windsor, Conn. (John 
Hall, '21. Percival, '42, p. 449. Silliman, 
'20. N. Smith, '20). 

An account of the finding of (E. Hitchcock, 
'20, voL 6, p. 43). 

Description of (Wyman, '55). 
Bones, fos~il, from the Connecticut valley (Th

lan, '34, pp. 80-81,83,87. E. Hitchcock, '41, 
pp. 503-504, pl. 4!1. E. Hitehcock, '58, P-
186. Marsh, '89. Silliman, '37). 

Bones, fossil. (See, also, Vertebrates, Fossil). 

Bonhamtowu, N.J. Boundary of Newark near 
(Cook, '68, pp.175, 176). 

Bmmaughtown, Pa. Dip of strata near (.Frazer, 
'80, P- 300). 

Exploration for copper ore near (Frazer, '77, 
pp. 263-264)-

On the occurrence of copper ore at (Frazer, 
'77b. :Frazer, '80, p. 300). 

Bonnell, N.J. Limestone at (Cook, '82, p. 43). 

Boone's Jnill, P:t. Dip of strata, and exposure of 
trap near (d'Invilliers, '83, p. 216). 

Boonton, N.J. Boundary of Newark at (Cook, 
'68, p.l75. Cook, '89, p.ll). 

Brief record of the finding of a fossil foot
print near (Russell, '79). 

Character and origin of the Newark conglom-
erate at (Russell, '78, p. 253). 

Coal in thin searos at (Cook, '78, p. 110). 
Color of the strata near (Newberry, '88, IJ- 8). 
Conglomerate composed of gneissic pebbles 

near (Nason, '89, P- 21)-
Conglomeratc near (Cook, '68, pp. 210,211. 

Russell, '78, PP- 232, 233). 
Contact of Newark roeks ant1 gneiss near 

(H. D. Rogers, '40). 
Dip in shale at (Cook, '82, p. 30.) 
Dip of sandstone near (Cook, '68, p.196. Cook, 

'79, P- 30). 
fossil foot1)fints from near (Cook, '68, p. 174. 

Cook, '79, }J. 28. C. H. Hitchcock, '$8, p. 
122). 

Footprints found near (Nason, '89, p. 28). 
Mention of (Russell, '78, p. 223). 
Fossil estheria and fish scales found near 

(Nason, '89, p. 30). 
Fossil fishes from (Cook, '68, p.174. Cook, '79, 

p. 27. Newberry, '88, p. 20). 

Boonton, N. J.-Continued. 
Fossil fishes from. Descriptions of (New

berry, '78. Newberry, '88. W. C. Redfield, 
'41). 

Fossil fishes from, inN ew York State Cabinet 
(Anonymous, '54)_ 

Fossil fishes from. List of (De Kay, '42). 
Fossil fish from. Mention of (W. C. Red

field, '43). 
Fossil footprints from near (Cook, '68, p. 174. 

Cook, '79, p. 28. C. H. Hitchcock, '8l:!, p. 
122). 

Mention of the occurrence of ripple-marks, 
suncracks, raindrop impressions, and foot
prints at (Russell, '78, p. 225). 

Plant remains in sandstone near (Nason, '89, 
P- 28). 

Section from, to Jersey City, N.J. (Cook, '85, 
pl. op. p. 10!1). 

Section from, to Passaic, N. J. (Cook, 'G8, p. 
199, and map in portfolio). 

Bouml Brook, N.J. Copper mine near (Cook, '68, 
}l. 677-678). 

Dip in shale near (Cook, '79, p. 30. Cook, '82, 
p. 25). 

Dip near (Cook, '68, p.196). 
Elevation of First mountain at (Cook, '82, p. 

49). 
Fossil estherias found near (Nason, '89, p. 30). 
Fossil fishes near (Cook, '79, p. 27) _ 
Gap in First mountain near (Cook, '82, p. 50). 
Mention of the occurrence of ripple-marks, 

suncracks, raindrop impressions, and foot
prints at (Russell, '78, p. 225. 

Strata exposed near (H. D. Rogers, '40, p. 128). 
Synclinal axis near (H. D. Rogers, '40, pp. 128, 

129). 
Trap hills near, brief reference to (H. D. 

Rogers, '36, p. 15!1) _ 
Trap near, columnar (Cook, '68, p. 203). 
Trap near, vesicular (Darton, '90, p. 28). 
Trap ndge near, character of (Russell, '80, 

p. 41). 
Trap ridge n ear, course of (Cook, '82, p. 49 

Nason, '89, p. 34). 
Bound Bt·ook gn}l, N. J. Boundary of First 

mountain trap at (Cook, '68, p. 180, 182). 
Bout island, N. S. Coast section ncar (Dawson, 

'47, P- 56). 

BOUVf:, [T. T.] 1854. 
[Remark on raindrop impressions, footprints, 

etc., on certain specimens of sandstone 
belonging to the Boston Society of Natural 
History.] 

In Boston Soc. Nat. Hist., Proc., vol. 5, p. 29-31. 

BOUVE, T. T. 1859. 
[Who first discovered the footprints in the 

sandstone of the Connecticut Yalley.] 
In Boston Soc Nat. Hist., Proc., vol. 7, p. 49-

53. 

BOUVE, T. T. 1861. 
[Note on the plates illustrating ichnographs 

from the sandstone of Connecticut- river.] 
In iclmographs from the sandstone of Con

necticut river, by James Deane, p.17. 
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BOUVE, T. T.--Continued. 
Thirty-seven of the plates in the work re

ferred to w ere drawn on stone by .James 
"Deane. Nine other plates are photographs. 

BOUVE, T. T. Remarks on insect larvre from the 
Connecticut valley (Scudder, '67). 

BOWEN, GEORGE T. 1824. 
[Ana:l'ysis of a siliceous hydrate of copper 

from Summerville, New .Jersey.] 
In Am . .Jour. Sci., vol. 8, pp. 118-120. 
Analysis given. 

Boyce's mill, N. C. Breadth of Newark rocks 
near (Olmstead, '24, p. 12). 

BOYD, S. W. Mention of observations by (W. B. 
Rogers, '5-!, p. 19). 

Boyertown, Pa. Boundary of the N ewark 11ear 
(H. D. Rogers, '41, pp. 16, 39). 

Conglomerate near (d'Invilliers, '83, p. 202). 
Contact of the Newark and Potsdam near 

(d'Invilliers, '83, p. 198). 
Iron mines at (d'Invilliers, '83, pp. 317-333, 

maps in atlas, H . D. Rogers, '39, p. 22). 
Sandstone and trap at (d'Invilliers, '83, p. 203). 
Trap dike near, description of (Frazer, '80, p. 

29). . 
Trap dikes near (d'Invilliers, '83, pp. 48, 200, 

207,208, 304). 
BRADLEY, F. H. Citecl on the cause of the tilt

ing of the Newark (W. M. Davis, '83, p. 
303). 

BRADLEY, FRANK H. 1875. 
Geological chart of the United States east of 

the Rocky mountains and of Canada. 
New Haven, Conn. A folded pocket map, 

scale about 100 miles to 1 inch. Geological 
formations indicated by dots and lines in 
black. 

Indicates the distribution of the Newark sys
tem. 

BRADLEY, FRANK H. 1876. 
On a geological chart of the United States east 

of the Rocky mountains and of Canada. 
In A.m . .Jour. Sci. , 3d ser., vol. 12, pp. il6-291. 
Mention is made of trap dikes in metamorphic 

region of North Carolina, South Carolina, 
Georgia, and Alabama. The opposite dips 
oftl1e two Newark areas in North Caro
lina are accounted for as being the border 
remnants of a great anticlinal. The same 
hypothesis is suggested to account for-the 
opposite dips in the New .Jersey and Con
necticut valley areas. 

Braggtowu, Pa. Calalogue of specimens of sand
stone, etc., from near (Fraser , '77, pp. 332-
381). 

Sandstone from (C. E. Hall, '78, pp. 33, 36). 
Branford, Conn. Brief account of trap near (E. 

Hitchcock, '23, vol. 6, p. 44). 
Branford harbor, Conn. Description of trap 

dikes in Primary rocks near (Percival, '42, 
pp. 419-420). 

Bra.ssflelds, N.C. Rocks exposefl at (Emmons, 
'56, p. 243). 

Breccia, along the Potomac (Cornelius, '18, p. 216). 
Dip of, near Center valley, Pa. (C. E. Hall, 

'83, pp. 232, 233). 

Breccia-Continued. 
From Connecticut, microscopical structure of 

(Davis and Whittle, '89, pl. 4). · 
]'rom Point of Rocks, Md., illustration of 

(Shaler, '84, pl. 45). 
In Connecticut (Davis and Whittle, '89). 
Near Feltville, N . .J., origin of, considered 

(Darton, '89, p. 135). 
Or Trap-tuff at cape D'Or, N. S. (Jackson and 

Alger, '33, p. 263). 
Volcanic, of tho Connecticut Yalley, described 

(E. Hitchcock, '47a, p. 200.) 
Brentville, Va. Boundary of Newark near (Rein· 

rich, '78, p. 236. W. B. Rogers, '40, p. 62). 
BREWER, WILLIAM H. [1890.] 

Warren's New Physical Geography. 
Philadelphia, 4to, pp. 1-144. 
Contains a geological map of the United 

States, p. 137. 
Brewer and Edgwortlt gold aJHl copper mine, S.C. 

An account of (Leiber, '56, p. 51). 
Drickerville, Pa. Trap boulders near (Frazer, '80, 

p. 40). 
Brick clay on Prince Edward island (Dawson and 

Harrington, '71, pp. 33, 34). 
Bridge point, Pa. Dip of Newark rocks near 

(Lewis, '85, p. 452). 
Trap dikes near (Lewis, '85, p. 453). 

Bridgeport, Conn. D escription of trap dikes in 
Primary rocks near (Percival, '42,-pp. 416-
417). 

Bridgeport, Pa. Boundary o( the Newark near 
(C. E. Hall, '81, pp. 22, 83-84). 

Isolated Newark area near (C. E. Hall, '81, p. 
22). 

Trap dike near (Lewis, '85, p. 440). 
Bridgetown, N. S. Note on mineral near (Alger, 

'27, p. 231). 
Bridgetown, Pa. Boundary of the Newark near 

(0. E. Hall, '81, p. 53). 
Bridgeville, Pa. Trap dike at (Frazer, '80, p. 34). 
Bridgewater copper mine, N.J. (Cook, '81, p. 39. 

Cook, '83, p. 164). 
Description of (Cook, '68, pp. 677-678. D. 

Rogers, '40, pp. 147-148). 
Dip in indurated shale at (Cook, '82, p. 29). 
On the occurrence of native silver in (Darton, 

'85). 
Reopening of (Cook, '81, p. 39). 

Brier island, N. S. Copper at (How, '69, pp. 66). 
Deacription of (Dawson, '78, pp. 97-98. Ges

ner, '36, pp. 172-173 . .Jackson and Alger. 
'33, pp. 219-220). 

Rocks of (Gesner, '36, p.170). 
Sandstone beneath trap at (Dawson, '78, p. 98). 
~lubmerged ledges near (Dawson, '78, pp. 96-

97, Perley, '52, p. 159). 
Trap rocks at (Gesner, '43). 

BRJpHAM, WILLIAM H. 1869. 
Historical notes on the earthquakes of New 

England, 1638-1669. 
In Boston Soc. Nat. Hist. Mem., vol. 2, p.l-28. 
Reviewed by .J.D. Dana in Am . .Jour. Sci., 3tl 

ser., vol. 1, pp. 304-305. 
Refers incidentall_y to the origin of the trap 

ridge of the Connecticut valley, pp. 24-25. 
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Bristol, Conn. Description of copper mine at 
(Silliman and Whitney, '55). 

Description of the fimling of tree trunks at 
(Silliman, jr., '47). 

Dip at (Silliman and Whitney, '55, p. 264). 
Brigtol townshiiJ, Pa~ Report on the geology of 

(C. E. Hall, '81, pp. 55-56). 
BRITTON, N. L. 1881. 

On the geology of Richmond county, N[ew] 
Y[ork]. 

In New York Acad. Sci., Ann., vol. 2, 1882, 
Jlp. 161-182, pls. 15, 16. 

Abstract in School of Mines (Columbia Coll.), 
Quart., vol. 2, 1880-1881, pp. 165-173, pls. 
1, 2. 

Describes the sandstones, shales, and trap 
rock (diabase) of Staten Island, pp. 168-
170. 

BRITTON, N. L. 1885. 
[Remarks on fossil localities in the Newark 

rocks of New .Jersey and Pennsylvania.] 
In New York Acad. Sci., Trans., vol. 5, 1885-

1886, p. 17. 
Mentions the discovery of fossil fish and Apeci · 

mens of Estheria at Weehawken, N . .J. 
Refers also to specimens of fossil plants 
from Doylestown, Pa., and to casts of a 
bivalve shell from Phrenixville, Pa. 

BRITTON, N. L. • 1885a. 
[Remarks on the probable occurrence of Pa

leozoic limestone beneath the Newark 
system in New .Jersey.] 

In New York Acad. Sci., Trans., vol. 5,1885-
1886, p. 19. 

States that a line of limestone outcrops occurs 
along the northward border of the New
ark Rystem in New .Jersey. 

BRITTON, N. L. 1886. 
Additional noteA of the geology of Staten 

Island, [New York]. 
In NewYorkAcad. Sci., Trans., 1886-1887, pp. 

12-18. 
States that no additional exposures of Newark 

rocks have been found since the publica
tion of a previous paper on the geology of 
Staten Island, p. 16. 

Britton, N. J. Cited on trap dikes in the Ar
chean of New .Jcrgey (Nason, '89a, p. 6!l). 

Broad swamiJ, Conn. Sandstone ridge near (Per
cival, '42, p. 432). 

BRONGNURT, ADOLPHE. 1828. 
Histoire des vegetaux fossiles, (Ill recherches 

botanique et geologique sur les vegetaux 
renfermes dans les diverses couches dn 
globe. 

Paris, 4to, vol. 1, }lp. i-xii, pls. 1-166; vol. 2, 
pp. 1-172, pls. 1-29. 

Describes Calamites suckowii and Filicites 
vittarioides, from the Richmond coal field, 
Va. 

BRONGNURT, A., aJI(l B. SILLIMAN. 1822. 
Occurrence of native copper and of fossil 

fishes in the Connecticut valley. 
In Annalen der Physik [Gilbert], vol. 70, pp. 

349-360. 

BRONGNIART, A., and B. SILLIMAN-Corit'd. 
Relates to the discovery of native copper and 

of fossil fishes near Middletown, Conn., 
and discusses the correlation of the New
ark system with terranes in Europe, as 
indicatedoy fossils. Followell by remarks 
by L. W. Gilbert. 

BUONGNIART, A. Cited on fossil fish from Con. 
necticut (.J. H. Redfield, '36). 

Cited on fossil fishes from the Newark system 
(Newberry. '88, p. 24). 

Cited on fossil plants of the Richmond coal 
field (Taylor, '35, pp. 290, 293; Taylor, '48, 
pp. 44, 45. 

Brown's coal mine, Va. Notes on (Taylor, '35, 
pp. 284-285). 

Brookdallode, Pa. •.rrap dikes in (H. D. Rogers, 
'58, YOL 2, pp. 702, 703). 

Brookville, N.J. Bearing of joints at (Cook, '68, 
p. 201). 

Brief account of stone quarries near (Cook, '81, 
p. 59). 

Dip at (Cook, "68, p. 198). 
Dip of sandstone at (Cook, '79, p. 29. Cook, 

'82, p. 26). 
Origin of trap rock near (Darton, "89, p. 138). 
Sandstone quarries (Cook, '79, p. :::4). 
Trap outcrops near (Darton, '90, p. 69). 

BROWN, W. G. 1890. 
Composition of certain Mesozoic igneous rocks 

of Virginia. 
See Campbell anrl Brown, 1890. 

Brownsburg, Pa. ..Analysis of trap from (Genth, 
'81, p. 96). 

Brunnerville P. 0., Pa. Boundary of the New
ark near (Frazer, '80, pp. 14, 39). 

Brunswick, N. J. l{eferred to as a locality for 
copper ore (H. D. Rogers, '36, p. 166). 

BRUSH, J. G. Analysis of trap from East Rock, 
Conn., by (.J.D. Dana, '73, vol. 6, p. 106). 

Bryan 1Iartin channel, B. A. Reference to .J nras
sic reptiles from (Hull, '87, p. 95). 

Buchanan's run, Pa. Boundary of the Newark 
at (H. D. Rogers, '58, vol. 2, p. 668). 

Buckhead, S. C. Description of trap dikes near 
(Tuomey, '44, p. 2). 

Buck hill, Va. Mention of a trap dike at (Clifford, 
'88, ll· 252). 

Trap dikes near (Clifford, '87, p. 14). 

Buekingham county, Va. Boundaries of the New
ark iu (W. B. Rogers, '39, pp. 74, 76-77). 

De::;cription of the geology of <'V. B. Rogers, 
'39, pp. 77-81). 

Buckland station, Conn. Sandstone quarries near 
(Shaler, '84, p. 127). 

Bucks county, Pa. Brief account of part of the 
Newark in (C. E. Hall, '81, pp. 49-50). 

Brief report on (Lesley, '85, pp. xxviii, xxix, 
pl. 9). 

Description of a part of the Newark in (C. E. 
Hall, '81). 

Geological map of a portion of (C. E. Hall, '81). 
Report on the geology of (C. E. Hall, '81). 
Section in (C. E. Hall, '81, p. 48). 
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Building stone at Yardleyville, Pa. (H. D. RogerR, 
'58, vol. 2, p. 673). 

Decay of (Egleston, '86). 
From East Haven, Conn., mineralogical com

position and unrability of (Hubbard, '85). 
In Connecticut (Percival, 42, pp. 436-440). 
In Connecticut. Brief discussion concerning 

(Shepard, '37). 
In Connecticut valley (Lyell, '54, p. 13). 
In Connecticut valley. Brief account of 

(Hitchcock, '41, pp. 180, 181). 
In Dan river area, North Carolina (Olmstead, 

'27). 
In Maryland (Tyson, '60, appendix, pp. 5-6). 
In Massachusetts. Brief account of (E. 

Hitchcock, '32, pp. 35-36). 
In Massachusetts. Brief account of (E. 

Hitchcock, '35, pp. 46-47). 
In New Jersey (Cook, '68, pp. 504-512, 515-

517). 
In New Jersey. Association of, with trap 

(H. D. Rogers. '36, p. 164). 
In New Jersey. Detailed account of (Cook, 

'81, pp. 41-64). 
In New York (J. Hall. '86, p. 198). 
In North Carolina. Brief accoul!-t of (Em

mons, '57a, p. 12). 
Localities of. an<l where used (Smock, '90). 
Near York Haven, Pa. (H. D. Rogers, '58, 

vol. 2, p. 6'77). 
On Prince Edward islancl (Dawson and Har· 

rington, '71, p. 33). 
Quarries in L ebanon Valley. Pa. (d'Invilliers, 

'86, pp. 1562-1567). 
Value of, from several Newark areas (Alger, 

'51). 

Bulls ferry, N. J. Description of sandstone at 
(Cook, '68, p. 208). 

Dip at (Cook, '68, p. 195). 
Dip in sandstone at (Cook, '82, p. 24). 
Exposures near (Russell, '80, p . 35). 
Sanustone beneath trap at (Cook, '68, p. 177). 

Bulls island, N. J. Arenaceous strata near (H. 
D. Rogers, '40, p. 123). 
Description of sandstone outcrops near (H. D. 

Rodgers, '36, p 153). 

Bull run mountain, Ya. Boundary of the Newark 
near (Heinrich, '78, p. 235. W. B. Rogers, 
'40, p. 63). 

Brief account of (W. B. Rogers, '37, p. 7). 

BUNBURY, CHARLES J. F. 1847. 
Description of fossil plants from the coal field 

near Richmond, Va. 
In London Geol. Soc., Quart. Jour., vol. 3, p. 

281-288, pl. x, xi. 
Gives descriptions and figures of a number of 

fossil plants collected in the Richmond 
coal field by Charles Lyell, an<l indicates 
their bearing on the question of the age of 
the deposit. 

Cited on the age of the coal fields of North 
Carolina (Emmons, '56, p. 272. Lyell, '57. 
Marcou, '49, pp. 273-274). 

Cited on the fossil plants of the Richmond 
area (De La Beebe, '48. }fontaine, '83, pp. 

BUNBURY, CHARLES J. F.-Continued. 
15, 25, 44. Lyell, '47, pp. 278-280. Taylor, 
'48, p. 47. 

Citecl on the ageoftbe Newark system (New. 
berry, '88, p. 9. Stur, '88, p.'205). 

Cited on the fossil plants of the Newark sys. 
tern (Newberry, '88). 

Notice of work done by, in the Jura-Trias of 
Virginia (Miller, '79-'81, vol. 2, p. 151). 

Bun bury island, P. E. I. Dip on (Dawson and 
Harrington, '71, p. 20). 

Section at (Dawson and Harrington, '71, p. 20), 
BURBANK, L. S. , 1813, 

Observations on the surface geology of North 
Carolina, with special reference to some 
phenomen!t of the dl'ift of northern United 
States. 

In Boston Soc. Nat. Hist., Proc., vol. 8,1873-
1874, pp. 150-155. 

Describes the effects of disintegration in the 
trap dikes of North Carolina. 

Bursonton, Pn. Boundary of the Newark near 
(H. D. Rogers, '41, p. 16). 

Busllington, Pa. Description of a fault near 
(Lewis, '85, pp. 450-451). 

Bushkill Creek, N.J. Dip in shale at (Cook, '82, 
p. 27) . 

BUTIJER, .A. P. 1883. 
South Carolina, res~urces and populations, 

institutions and industries. Published by 
the State Board of Agricultnre. 

Charleston. S. C. , pp. i-viii, 1 .. 726, pl. 3, and . map. 
A brief notice is given of clay slates supposed 

to be of ·Triassic age, in Chesterfield 
county, and also of the trap rocks in 
Chester, York, and other counties, pp. 
133- 134. 

Byram, N.J. Section of trap sheet near (Darton, 
' !JO, p. 68). 

Byram station, N. J. Evidence of faulting near 
(Mason, '89, p. 33). 

BYRD, W. First discovery of coal in the United 
States by (Ashburner, '87, p. 353). 

CABOT. 1864. 
[Remarks on fossil footprints.] 
In Boston Soc. Nat. Hist., Proc., vol. 5, p. 31. 
:Brief remarks concerning the question 

whether the footprints in the Newark 
system were made by birds or reptiles. 

Cabotville, ~lass. A locality for fossil footprints 
(E. Hitchcock, '48, p. 132). 

Description of fossil footprints from (E. Hitch· 
cock, '41. E. Hitchcock, '48). 

Fossil fucoid from (E. Hitchcock, '41, pp. 
450- 451). 

Localities of fossil footprints near (E. Hitch· 
cock, '41, p. 466). 

Mention of ornithichnites from (Lyell, '42). 
Special characters of footprints fron! (E. 

Hitchcock, '41, p. 469). 

Caernarvon township, Pa. Report on the geology 
of (Frazer, '80, pp. 50-51). 

(ja Ira, Va. Boundaries of the Newark near (W. 
B. Rogers, '39, pp. 74, 76-77). 
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Caldwell's l11ndin5 , N.Y. Dip and strike near 

(Mather, '43, p. 617). 
Calhoun's mills, S. C. Trap dikes near (Ham

mond, '84, p. 466). 

CA!UPBELL, H. D., and W. G. BROWN. 1S90. 
Composition of certain Mesozoic igneous 

rocks of Virginia. 
In Geol. Soc. Am., Bull., vol. 2, pp. 339-348. 
Contents: 
Generally uniform composition of Mesozoic 

trap. Traps of exceptional composition. 
Varieties. Localities of occurrence. De
scription of the hypersthene-diabase. 
Constituents of the hypersthene-diabases. 
Character of the hypersthene. Associa
ted minerals. Description of the olivine
hypersthene-diabase. Discussion. 

Campbell county, Va. Boundaries of the Newark 
in (W. B. Rogers, '39, pp. 74-76). 

Campbell's cove, P. E. I. Geological structure 
near (Bain and Dawson, '85, p. 156). 

Campbellton, P. E. I. Section from, to Cape 
· Tryon (Dawson and Harrington, '71). 

Campbelltown, Pa. Boundary of the Newark 
near (Frazer, '82, p. 123. H. D. Rogers, 
'58, vol. 2, p. 669). 

Brief account of having seen basalt in (T. P. 
Smith, '99). 

Camp hill, Pa. Boundary of the Newark near 
(C. E. Hall, '81, p. 65). 

Cana<la. Geological map of (Hall and Logan, '66. 
Logan, '65, map No. 1). 

CANNIFF, J. C. Record of well bored by (Nason, 
'89b). 

Cape Bear, P. E. I. Dip near (Dawson and Har
rington, '71, p. 15). 

Cape Blomi<lon, N. S. Breccia at (.Jackson and 
Alger, '33, p. 256). 

Contact metamorphism at (Jackson and Al
ger, '33, p. 257). 

Contact of trap with sandstone beneath (Ells, 
'85, p. 7E) . 

Copper at (How, '69, p. 66. Willimott, '84, p. 
20L). 

Description of (.Jackson and Alger, '33, pp. 
255-257). 

Dip of sandstone at (.Jackson and Alger, '33, 
p. 256). 

Gypsum near (Willimott, '84, p. 24L). 
Sandstone beneath trap at (.Jackson and Al

ger, '33, p. 256). 
Section from, to Horton (Dawson, '78, pp. 

90- !l4). 
See also Blomidon. 

Cape Cllignecto, N. S. Boundary of Newark sys
t~m near (Ells, '85, p. 7E). 

Contact metamorphism at (.Jackson and Alger, 
'33, p. 284). . 

Description of (Gesner, '36, pp. 230-233 . .Jack
son and Alger, '33, p. 265). 

Rocks of (Gesner, '36, p. 231). 

Cape D'Or, N. S. Amygdaloid aboye compact 
trap at (Dawson, '78, p. 107). 

Amygdaloid at (Gesner, '36, pp. 234, 238). 

Cape D'Or, N. S.-Continued. 
Amygdaloid between trap and sandstone at 

(.Jackson and Alger, '33, p. 263). 
Breccia at (Jackson and Alger, '33, p. 263). 
Copper at (Dawson, '78, p. 107. Gesner, '36, 

p. 234. How, '69, p. 65). 
Description of (Dawson, '78, pp. 106-108. Ges

ner, '36, pp. 233- 239. .Jackson and Alger, 
'33, pp. 263- 265). 

Dip of sandstone at (Gesner, '36, p. 233). 
Sandstone beneath trap at (.Jackson and A.lger, 

'33, p . 284). 
Cape Dory, N. S. Native copper reported to have 

been founcl at (A.lger, '27, p. 232). 
CHANCE, H. III. 188!. 

The Deep river coal fielcl of North Carolina. 
In Am. Inst. Mining Eng., Trans., vol.13, pp. 

517-520. 
Describes briefly the occurrence and composi

tion of coal near Farmville, N. C. 
CHANCE, H. III. 1885. 

Report on an examina.tion of the coal fiehls of 
North Carolina, made for the state board 
of agriculture. Raleigh. Pp. 1-66, and 3 
maps. 

Contents: 
Chapter I: Introi:.uction. Exploration de

scribed. Prospecting methods. 
Chapter II: The Mesozoic as a Carboniferous 

formation: In America and India. East 
of the Mississippi. In North Carolina 
and Virginia. True age of these deposits. 
Occurrence of coal. In Virginia ancl 
North Carolina compareJ. History of 
commercial development. Other useful 
minerals, etc.: Black-band, carbonate of 
iron, limestone, millstones, grindstones, 
fireclay. 

Chapter III: Explorations in the Deep river 
coal field: Farmville. Egypt shaft. Tay
lor place. Examinations at Gulf. Be
tween and Evans' place. Slope at Evans' 
place. Between the Evans and Gardner 
places. Semi-anthracite at ·wilcox place. 
Semi-anthracite at Gardner place. Mur
chison plantation. Fooshee plantation. 

Chapter IV: Commercial value of the Deep 
river coal fielJ. Distance to markets. 
Distance of other coal fields. Cost of 
mining. Quality of the coal. Workable 
area. Available tonnage. Obstacles to 
successful mining. Method of develop
ment. General conclusions. 

Chapter V: The Dan river district. 
CHANCE, H. Ill. Cited on the coal fields of North 

Carolina (Rns~ell, '85). 
Cape Egmont, P. E. I. Dip at (Dawson au it Har

rington, '71, p. 20). 
Cape Kildare, P. E. I. Section at (Dawson and 

Harrington, '71, pp. 20, 21). 
Cape Sharp, N. S. Carboniferous rocks beueat.h 

trap at (Dawson, '78, p. 106). 
Contortion of shale at (Emmons, 'il6, p. 336). 
Description of (Dawson, '78, p. 106. Gesner, 

'36, 11p. 240-242. .Jackson and Alger, '33, 
pp. 265-268). 
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Cape Sharp, N. 8.-Continued. 
Minerals of (Willimott, '84, p. 27L). 
Trap rock near (Dawson, '47, p. 54). 

Cape Sillit, N. S. Amygdaloid at (Jackson and 
Alger, '33, p. 252). 

Description of (Dawson, '78, pp. 94, 95. Ges
ner, '36, llp. 206-210. Jackson and Alger, 
'33, pp. 251--255). 

Ht~ight of (Dawson, '78, p. 94). 
Iron ore at (Jackson and Alger, '33, p. 252). 
Minerals at (Willimott, '84, p. 28 I.). 
Picture of (Gesner, '36, Jl. 206). 
Sketch of (Emmons, '36, p. 337). 
Stratified trap at (Emmons, '36, p. 336). 
Trap at (Gesner, '36, })p. 211-213). 
View of (Jackson and Alger, '33, pl. 2). 

Ca}le Tormentin, N. B. Dip at (Dawson, '78, p. 
124). 

Supposed Newark age of (Dawson, '78, p.124). 
Cape Traverse, P. E. I. Rocks exposed at (Daw

son and Harrington, '71, p. 16). 
Ca11e Tryon, P. E. I. Dip at (Dawson and Har

rington, '71, p. 19). 
Discovery of Bathygnathus borealis near 

(Chapman, '78, pp. 120, 121). 
Reptilian remains from near (Chapman, '76, 

p. !l2). 
Section from, to Cambellton (Dawson and 

Harrington, '71). 
Synclinal at (Dawson and Harrington, '71, p. 

17). 
Cape Turner, P. E. I. Triassic rock~, so called, 

near (Bain all(l Dawson, '85, pp. 155-156). 
Carbon ]till, Va. Analysis of coal from (Clifford, 

'87, p. 10). 
Boundary of N cwark area near (Heinrich, '78, 

p. 230). 
Fossil plants from (Fontaine, '83, pp. 3-4. 

Fontaine, '83). 
Natural coke near (Clifford, '87, pp. 11, 12). 

Dadd<?W and Bannan, '66, p. 400). 
Section at (Heinrich, '78, pp. 260, 261). 
Section of coal seams at (Coryell, '75, p. 229). 
Thickness of coal at (Fontaine, '83, p. 8). 

Ca1·bon hill coal mine, Va. Brief account of 
(Daddow and Bannan, '66, p. 402). 

Carbonite. See Coke, nattual. 
Carboutou, N. C. Brief account of coal at (Em

mons, '57a, p. 7). 
Brief account of rocks near (Emmons, '57b, p. 

77). 
Cardigan bay, P. E. I. Newark rocks exposed 

ncar (Dawson and Harrington, '71, p. 15). 
Carlisle, Pa. Description of stony ridge near 

(Gibson, '20). 
Mention of trap dikes near (Macfarlane, '79, 

p. 107). 

CARR, J. S. Citcfl on analysis of artesian water 
from Durbam, N.C. (Venable, '87). 

Carters hill, Vn. Boundary of Newark near 
· (Heinrich, '78, p. 235). 

Carters or OtlaJI{l mills, Va. Roundary of the 
Ne,vark near (\V. R Hogors, '40, p. 63). 

Carthage, N. C. l3onndary of Newark area near 
(Emmons, '52, p.ll9) . 

Carthage, N. C.-Continued. 
Thickness ef theN ewark at (EmmonR, '56, p. 

231). 
Carversville, P:l. Trap dikes near (Lewis, '85, p. 

453). 
Casca1le, Va. Boundaries ancl extent of New~rk 

area near (Heinrich, '78, p. 239. W. B. 
Rogers, '39, pp. 74, 75). 

Description of geology near (W. B. Rogers, 
'39, p. 77). 

Section near, described (W. B. Rogers, '39, 
pp. 77, 78). 

Cashtown, Pa. Average of dips near (Frazer, '77, 
p. 303). 

Conglomerate near (H. D. Rogers, '58, vol. 2, 
p. 684). 

Iron ore near (H. D. Rogers, '58, vol. 2, p. 691). 
Section from, to Gettysburg (Frazer, '77, pp. 

295-299, pl. op. p. 298). 
Catch ltills, Conn. Mention .of the discovery of 

fossil bones at (Percival, '42, p. 449). 
Cat hole, Conn. Account of (J.D. Dana, '70). 

Description of trap ridges near (Percival, '42, 
pp. 370-374, 376). 

Detailed stu!ly oft be geological structure near 
(W. M. Davis, '89). 

Cat hole )leak, Conn. Tra1) ridges near (Davis 
and Whittle, '89, p. 109). 

Castle point, N.J. Exposures near (Russell, '30, 
p. 35). 

Trap exposed at (Russell, '80, p. 37). 
Catlett, V:l. Quarries of trap rock near (Shaler, 

'81, p. 179). 
Catletts station, Pa. Mention of trap quarries 

at (S. P. Merrill, '89, p. 436). 
Cedar run, Va. Boundary of Newark near (Hein· 

rich, '78, p. 235). 
Cemetery hill, Pa. Specimens of trap from (C. 

E. Hall, '78, p. 27). 
Center Bridge, N. J. Analysis of sandstones 

from (Cook, '68, p. 515). 
Bnef account of sandstone and trap near (H. 

D. Rogers, '40, p.127). 
Center Brillge, Pa. Character of strata near (ll. 

D. Rogers, '5S, vol. 2, p. 673). 
Sandstone quarries at (Shaler, '84, p.157), 

Ce11ter Rillge, N.J. Building stone near (Cook, 
'68, pp. 511-512). 

Coarse sandstone near (H. D. Rogers, '36, p. 
155). 

Description of s:mdstone near (Cook, '68, p. 
209). 

Thickness of strata at (Cook; '68, p. 201). 
Center hill, Pa. Evidence of faulting near (Na· 

son, '89, p. 33). 
Trap dikes near (Lewis, '85, p. 454). 

Center valley, Pa. Dip m:~d character of rocks 
near (C. E. Hall, '83, p. 232, 233). 

Centerville, N.J. Boundary of trap outcrop at 
(Cook, '68, p.177). 

Centerville, V:t. Boundary ofNewark.near (Hein
rich, '78, p. 236. W. B. Rogers, '40, p. 6'3). 

CenterviiJe, Pa. Description of tra1) dike near 
(Frazer, 'SO, p. 30). 

(;hal font, Pa. Description of a fault near (Lewis, 
'85, Jlp. 450,451' 453. 
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Chulk Level, Vu. Boundary of Newark near 
(Heinrich, '78, p. 238. W. B. Rogers, '39, 
p. 75). 

Description of the geology near (W. B. 
Rogers, '39, p. 79). 

Section from, to Riceville (W. B. Rogers, '39, 
p.79). 

Chalmer'fil coal mine, N.C. Analysis of slate from 
(Macfarlane, '77, p. 525). 

CHA.lliBERLIN, B. B. 1883. 
The minerals of Weehawken tunnel (Bergen 

Hill, New .T ersey). 
In New York Acad. Sci., Trans., vol. 2,1882-

1883, pp. 88-90. 
Deseribes the minerals found in excavating a 

tunnel through Bergen hill, New .Jersey. 

CHA.lliBERLIN, B. B. 1887. 
Minerals of Staten island [New York]. 
In New York Acad. Sci., Trans., vol. 5, 1885-

1886, pp. 228-230. 
States that trap dikes occur on the west side 

of St.aten Island, and enumerates tl1e min· 
erals found in them. 

Chamber's Brook, N.J. Boundary of First mount
ain trap near (Cook, '68, pp.180, 181). 

Chapel Hill, N. C. Age of rock exposed near (Em
mons, '5G, p. 277). 

Black slate near (Emmons, '56, p. 243). 
Boundary of Newark area near (Emmons, '52, 

p. 119 . .T ohnson, '51, p. 4. Mitchell, '42, pp. 
36-130). 

Breadth of theN ewark area east of (Emmons, 
'56, p. 241. Olmstead, '24, p. 12. Wilkes, 
'58, p. 2). 

BriefaccountofNewark rocksnear(Olmstead, 
'20. McLenahan, '52, p. 169). 

Strike of the Newark system near (Macfar
lane, '77, p. 518). 

Thickness of the Newark near (Emmons, '56, 
p. 232). 

Trap dikes near (Willis, '86, p. 307). 

CHAPIN, A. B. 1835. 
.Junction of trap and sandstone; Walling

ford, Conn. 
In Am . .Tour. Sci., vol. 27, pp.104-112. 
Several small dikes are described, and some 

account given of alteration in the adja
cent beds. 

CHAPIN, J. H. 1887. 
The Hanging hills [Connecticut]. • 
In Meriden Sci. Assoc, Proc. and Trans., vol. 

2, 1885-1886, pp. 23-28. 
Contains a description of the scenery about 

Meriden, Conn., and a brief statement of 
opposing views regarding the origin of 
the trap hills of the Connecticut valley. 

C[HAPIN], J. H. 1887a. 
An interesting find [of fossil plants at Dur

ham, Connecticut]. 
In Meriden Sci. Assoc., Proc. and Trans., vol. 

2, 1885-1886, p. 29. 
Records the finding of fossil plants at Dur

ham, Conn., by H. H. Kendrick. 

CHAPIN, J. H. 
The trap ridges of Meriden again. 

CHAPIN, J. H.-Continued. 
In Meriden Sci. Assoc., Proc. and Trans., vol. 

3, 1887-1888, pp. 35, is6. 
Cites W. M. Davis on the st.ructure of the 

Newark system in the Connecticut valley. 
Describes a bed of ash aml bombs near 
Meriden, Conn. 

CHAPIN, J. H. 1891. 
Some geological features of Meriden [Con

necticut]. 
In Meriden Sci. Assoc .. Trans., vol. 4, 1889, 

1890, pp. 58-61. 
Brief account of the trap hills near Meriden, 

Conn., in which their height and nomen· 
clature are considered. 

C[HAPIN], J. II. 1891a. 
Cycadinocarpus chapinii. 
In Meriden Sci. Assoc., Trans., vol. 4, 1889-

1890, p. 62. 
:Figures and describes briefly the fruit of a 

cycad found at Durham, Conn. 
CHAPIN, J. II. Fossil plants collected by, at 

Durham, Conn. (Newberry, '88, p. 92). 
CHAPMAN, E. J. 1856. 

[Review of .T. W. Dawson's Acadian Geology]. 
In Canadian .Tour., n . s., vol. 1, pp. 3D-48. 
Hypotheses concerning the deposition of cop-

per in amygdaloids, etc., discussed, pp. 
42-45. 

CHAPMAN, E. J. 1872. 
On the occurrence of copper ore in the island 

of Grand Manan, bay of Fundy. 
In Canadian .Tour., n. s., vol.13, pp. 234-239, pl. 

op.p.183. 
Describes the position and topography of the 

island, its geological features, and the 
occurrence of copper ore. The section 
shows the suppose(l relation of Newark 
and older rocks. 

CIIAPlliAN, E. J. 1876. 
An outline of the geology of Canada, based 

on a subdivision of the provinces into 
natural areas . 

Toronto, 120, pp. i-xxxii, 33-104, pl, 1-5, and 
6maps. 

Contains a brief general account of the New
ark rocks of Nova Scotia. A broad area 
of Newark rocks is stated to occur on 
Prince Edward island. Pp. 91-92. 

CIIAP]}IAN, E. J. 1878. 
On the leading geological areas of Canada. 
In Canadian Jour., n. s., vol. xv, pp. 13-22, 

92- 121. 
Contains a brief summary of information con

cerning the Newark rocks of New Bruns
wick and Nova Scotia. The main area of 
Prince Edward island is referred to the 
Trias. Pp. 22, 106, 110-112, 120-121. 

CHAPlliAN, E. J. Cited on copper at GrandMa
nan island, N. B. (Bailey, '72, p. 47). 

Charlestown, P:t. Newark rocks at (Frazer, '83, 
p. 226.) 

Charlestown mines, P:t. Boundary of Newark 
near (Lesley, '83, p. 196). 

Charlotte :m(l Reitl's bridge, Va. Section be· 
tween (W. B. Rogers, '30, pp. 79-80). 
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Charlottetown, P. E. I. Dip at (Dawson and 
Harrington, '71, p. 1G). 

CliATAllD. Analysis of iron ore by (Kerr, '75, 
p. 232). 

Cluttl!am, <.:onn. Brief account of lmilding stone 
found at (E. Hitchcock, '35, pp. 4(), 215). 

Coal reportecl at (E. Hitchcock, '23, -vol. 6, p. 
63). 

Description of fossil footprints from (E. 
Hitchcock, '41, pp. 478-501). 

Early discovery of fossil footprints at (E. 
Hitchcock, '36, p. 309). 

J_,ocalities of fossil footprints in (E. Hitch· 
cock, '41, p. 467). 

Mention of sandstone quarries near (Percival, 
'42, p. 449). 

Notice of building stone at (E. Hitchcock, '32, 
p. 35). 

Sandstone quarries near (E. Hitchcock, '41, p. 
442). 

Chatham, N. C. Account of the Newark near 
(Mitchell, '42, pp. 130-134). 

.Analysis of coal from (Battle, '86). 

.Anthracite near trap (Genth ancl Kerr, '81). 
Beloclon piscus from (Cope, '75, pp. 34, 35). 

Chatham, N.J. Boring for coal at (Cook, '68, p. 
696). 

Character of the country east of (H. D. Rog. 
ers, '40, p. 134). 

Dip near (H. D. Rogers, '40, p. 133). 
Tory Hill near, described (Cook, '68, pp. 186-

187). 
Metamorphosed shale near (H. D. Rogers, '40, 

pp. 132-133). 
Trap ridge near (Cook, '82, p. 56). 

Chatham, Pa.. Trap dike near (Lewis, '83, p. 447). 

Chatham series, N. C. .Age of, as indicated by 
reptilian remains (Emmons, '57, pp. 92-93). 

.Age of, as shown by fossil :fishes (Emmons, 
'57, p. 54). 

Brief account of (Emmons, '57, pp. 10-11, 19-
20. Emmom;, '58). 

Conglomerate at base of (Emmons, '57, p. 11). 
Reexamination of certain mammalian jaws 

from (Osbom, '86). 
Reference to the age of (Marcou, '88, p. 30). 
Reptiles of (Emmons, '57, pp. 54-93). 
Thickness of (Emmons, '57, p. 30). 

Chauncr Peak, Conn. Description of trap ridges 
near (Davis and Whittle, '89, p. 115). 

Detailed study of the geological structure 
near (W. M. Davis, '89). 

Small map of portion of (Davis and Whittle, 
'89, pl. 2). 

Trap ridges near (Da-vis and Whittle, '89, pp. 
107-108). 

Chelsea, N.Y. Description of trap rock at (Brit
ton, '81, p. 169). 

Cherry hill, Conn. Strike and dip of sand· 
stone near (Hovey, '89, Jlp. 372-373, 379). 

Cherryville, N. J. Trap outcrop near (Cook, '82, 
Jl. 63). 

Chesltire, Conn. Character of the trap ridges 
near (W . . M. Davis, '89/J, I>· 25). 

Copper miRes of (PerclYal, '42, p. 318), 

Cheshh·e, Conn. -Continued. 
Decomposed rocks in (Percival, '42, pp. 436, 

437). 
Description of trap ridges in (Percival, '42, 

p. 403). 
Trap dikes in (Percival, '42, p. 320). 

Cheshire station, Conn. An account of trap 
ridges near (Da-vis and Whittle, '89, pp. 
105-106). 

Chester, Pa. Catalogue of specimens of trap, 
etc., from near (Frazer, '77, pp. 332-381). 

Chester, S. <.:. Description of trap clikes near 
(Tuomey, '44, p. 12). 

Chester countr, Pa. Brief report on (Lesley, '85, 
pp. xxxvi-xxxvii). 

Description of Warwick iron mine (H. D. 
Rogers, '58, vol. 2, p. 708). 

Geology of (Lesley, '83). 
Map of mining district of (H. D. Rogers, '58, 

vol. 2, op. p. 674). 
Mention of lead and copper ores of (Lyell, '54, 

p. 13) . 
Newark rocks of (Frazer, '83). 

Chester county, S. C. 'l'ra1) dikes in (Hammond, 
'84, pp. 466-497). 

Chester county, Va. Discussion of the ago of the 
coal-bearing rocks of (Marcou, '58, pp. 14-
15). 

Chester court-bouse, S. C. Analysis of trappean 
soil from (Hammond, '84, p. 497). 

Chesterfield, Ya. Account of coal mines in 
(Grammar, '18. Taylor, '35, pp._ 281-286). 

Account of coke in, with analysis (W. B. 
Rogers, '40, p. 124). 

.Analysis of coal from (W. R. .Johnson, '51, p. 
12). 

Test of coal from (Emmons, '56, p. 249). 

Chesterfield coal mine, Va. Brief account of 
(Macfarlane, '77, p. 507). · 

Chesterfiehl count)', S. C. Account of the geo· 
logy of (Lieber, ·56, pp .19, 20, 103, 106, pl. 6). 

Brief accotmt of contact metamorphism in 
('.fu01ney, '48, p. 68). 

Chesterfield county, Va. An account of a visit 
to the coal mines of (Lyell, '49, pp. 2i9-
288). 

Character aml efficiency of coal from (W. R. 
.Johnson, '50, pp. 133, 134, and table op. p. 
134). 

Description and analysis of natural coke from 
near (Raymond, '83). 

Description of rocks in (W. B. Rogers, '43, 
p. 298). 

Description of the Newark in (W. B. Rogers, 
'40, pp. 71-72). 

Detailed account of coal in (W. B. Rogers, 
'3(), pp. 52-61). 

Fossils collected in (Marcou, '49, pp. 273-279).· 
List of fossil :fishes from (De Kay, '42). 
Output of coal for 1886 (Ashburner, '87, p. 

554). 
Production of coai from, in 1880 (Prime, '86, 

pp. 670-673). 
Trial of the coal of, for heating purposes (W. 

R. Jolmson, '44, Jlp. 349- 362, 378-389-448), 
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Chesterfield court-house, Va. Boundary of the 
Newark near (W. E. Rogers, '40, p. 71). 

Chesterfield de}IOt, Ya. Boundary of Newark 
near (Heinrich, '78, IJ}J. 220- 230). 

Chestcrfichl mining company colliery, Va. Anal
ysis of coal from (Clifford, 'S7, p. 10). 

Chestnut Jtill, Pa. Boundary of trap near (H. D. 
Rogers, '58, vol. 2, p. 690). 

Chh~opee, lllass. Brief account of shale at (E. 

Hitchcock, '35, p. 217). 
Description of a section across the Connect.i

cnt valley at (E. Hitchcock, '55). 
Fossil footprints at (E. Hitchcock, '58, p. 50 et 

seq. 
Fossil fucoid from (E. Hitchcock, '41, pp. 450-

451). 
Fossil plant from (E. Hitchcock, '41, pp. 453-

454). 
Chicopee factories, lllass. Special characters of 

footprints from (E. Hitchcock, '41, p. 469). 
Chicopee factory village, Mass. Description of 

fossil footprints from (E. Hitchcock, '41, 
pp. 478-501). 

Chicopee Falls, lllass. A locality for fossil foot
prints (E. Hitchcock, '48, p. 132). 

Descriptions and figures of fossil fishes from 
(Newberry, '88). 

Description of fossil footprints from (E. 
Hitchcock, '48. E. Hitchcock, '58, p. 56 et 
seq.) . 

. Fossil footprints at (E. Hitchcock, '58, p. 50 · 
et seq.). 

Localities of fossil footprints near (E. Hitch
cock, '41, p. 46()). 

Remarks on a fossil tooth foun(l at (E. Hitch
cock, '41, p. 460). 

Chignecto cape, N. S. Description of (.Jackson 
and Alger, '33, p. 262). 

Chimney rock, N.J. Boundary of First mount-
ain trap near (Cook, '68, p.181). 

Copper mine near (Cook, '68, pp. 677-678). 
Copper ores near (Cook, '83, pp.164-165). 
Thickness of trap sheet at (Darton, '90, p. 23). 

Chnrclttown, P:\. Boundary of theN ewark at (H. 
D. Rogers, '58, vol. 2, p. 668). 

Description of trap tlike near (Frazer, '80, p. 
28-29). 

Churchville, Pa. Dips of slate near (d'Invilliers, 
'83, p. 205). 

Limestone outlying in the Newark system 
near (lnvilliers, '83, p. 205). 

Chutes cove, N. S. Description of (Gesner, '36, 
p. 189-190. .Jackson and Alger, '33, pp. 
238-2J2). 

Minerals near (Willimott, '84, p. 20L, 24L). 
CLARKE, F. W. 1887. 

[Analyses of trap rock, coke aml coal from 
the Newark system.] 

In U.S. Geol. Surv., Bull. No. 42, 
Analyses of trap rocks from North Carolina, 

p.138. Natural coke from the Richmond 
coal field, Va., p,146, Coals from the New
ark system in North Carolina, p.146. 

()LARKE, FRANK WIGGLESWORTH. 1889. 
[Analyses of Newark i:33tUdGtOP(} front pear 

l!ancock, Md.J 

CLARKE, FRANK WIGGJ,ESWORTII-Continued. 
In U.S. Geol. Surv., Bull. No. 55, p. 80. 
Two analyses given. 
Clark and Brother's quarry near Greenburg, 

N . .J. (Cook, '81, pp. 5(), 57). 
Clarkes ltead, N. S. Rocks of (Gesner, '36, p. 254). 

Trap overflow on Carboniferous rocks near 
(Dawson, '78, p.105). 

Clarksville, N.J. Boundary of Newark at (Cook, 
'68, p.176). 

Clayton,Pa. Conglomerate near (cl'Invilliers, '83, 
p. 202). 

Dip near (Invilliers, '83, p. 205). 
Clay township, Pa. Report on the geology of 

(Frazer, '80, pp. 41-42). 
CLEAVELAND, PARKER. • 1822. 

.An elemcnt::try treatise on mineralogy and 
geology [etc.). 

Boston, 2d ed., vol. 1, pp. i-xii, 1-818, pls. 1-6. 
Contains a brief account of the trap rocks of 

the Newark system, compilecl from the 
writings of Pierce, Silliman, llitchcock, 
and \Vebster, pp. 746, 747; and of the sand
stone of the same system compiled from 
the writings of Maclure and Olmstead, p. 
579. The geological map of the eastern 
part of the United States, forming tho 
frontispiece, is mainly from Maclure's 
mal) of 1817. Localities where native 
copper occurs are mentioned on IJ. 555. 

Cited on tho extent of the Dan river area, N. C. 
(Olmstead, '27, p. 128). 

Clegg's coal mine, N. C. Anthracite near trap in 
(Genth and Kerr, '81, p.82). 

Clements, N. S. Iron ores at (Alger, '27, llP· 229, 
330). 

CLEMSON, 'f. G. 1835. 
Analysis of some of the coal frcm the Rich

mondmines. 
In Pennsylvania Geol. Soc., Trans., vol. 1, p. 

205-297. 
Presents analyses of coal from three of the 

mines in the Richmond coal fidd, Va. 
CLEMSON, 'fliOlliAS G. 1835a. 

Notice of a geological examination of the 
country between Fredericksburg and 
Winchester in Virginia, including the 
gold region. 

In Pennsyh·ania Geol. Soc., Trans., vol. 1, 
pp. 298-313, pl. 17. 

Contain& brief descriptions of volcanic rocks 
which may prove to be a portion of the 
Newark system of traps. 

CLE~ISON, THOMAS G. Analysis of coal from 
the Richmond coal field, Va. (Clifford, '87, 
p. 10). 

CLIFFORD, WILLIAM. 1887. 
Richmond coal field, Virginia. 
In Manchester Gcol. Soc., Proc., vol.19, 1887-

1888, pp. 326-353, 355-358, pls. 1-5. 
Reviewed by F. H. Newell in Geol. Mag., dec. 

3, vol. 6, 1880, pp. 138-140. 
Discusses briefly the mode of formation aml 

the ago of the Richmond coal field. Pre
sents a hil:!torical sketch of coal-mining, 
and. i!ldiGl:ltes wh~t i& to be expected from 
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CLIFFORD, WILLUM-Continued. 
the mines in the future. Analyses of coal 
and of natural coke are given on :p. 10: 
A map of the entire field is given on pl. 1, 
nnd plats · and sections of the mines at 
Clover hill, Midlothian, Black heath, and 
Deep run on pls. 2-5. 

CLIFFORD, WILLIAM. 1888. 
Additional notes on Richmond coal field, Vir

ginia, in reply to criticisms. 
In Manchester Geol. Soc., Trans., vol. 20, 

1888-1889, pp. 247-256. 
A reply to a review by F. H. Newell. Main

tains that the conclusion that the strata 
in the Richmond area thin out toward tho 
border; that the rocks were deposited in 
an irregular basin; identification of coal 
names on opposite sides of the basin; re
fers to trap dike near Midlothian; cites 
Lyell, Taylor, and Daddow. 

CLIFFORD, WILLIAM. Review of a paper on the 
Richmond coal field by (Newell, '89). 

Clinton, N. J. Arenaceous strata near (H. D. 
hogers, '40, p. 133). 

Boundary of Newark near (Cook, '68, p. 17). 
H. D. Rogers, '40, pp. 16, 17). 

Conglomerate near (Cook, '82, p. 21). 
Description of sandstone outcrops near (H. D. 

Rogers, '36, p. 153). 
Description of variegated conglomerate ncar 

(H. D. Rogers, '36, p. 148). 
Detailed description of calcareous conglom

erate near (H. D. Rogers, '40, pp. 139-140). 
Dip in shale near (Cook, '82, p. 28). 
Limestone at (Cook, '79, p. 33. Cook, '82, pp. 

22, 28, 42, 43). 
Manganese near (Cook, '65, pp.7-8. Cook, '68, 

p. 711). 
Trap outcrop near (Darton, '90, p. 70). 
Unconformity at base of the Newark near 

(Darton, '90, p. 15). 
Clinton valley, N. J. Dip along the Delaware 

atljacent to limestone area near (Nason, 
'89, p. 18). ' 

Closter, N.J. Altered shale near (Cook, '83, p. 24). 
Columnar trap at (Akerly, '20, p. 33). 
Induratecl shale near (Darton, '!JO, p. 51). 
Sandstone on west slope of Palisades at (Cook, 

'68, 11- 208). 
Trap outcrop near (H. D. R_ogers, '36, p. 159). 

Uloster landing, N. J. Dip in sandstone near 
(Cook, '79, p. 30. Cook, '82, p. 24). 

Dip near (Cook, '68, p. 195). 
Sandl:ltone beneath trap at (Cook, '68, p. 177). 
Sandstone, shale, and conglomerate near 

(Cook, '68, p. 208). 
&ection of Palisades near (Cook, '68, p. 200). 

mover hill, N.J. Dip at (Cook, '68, p. 197). 
Dip iu red shale at (Cook, '82, p. 26). 

Clover Hill, Va. Account of coal-mining at (Dad
dow and Bannan, '66, p. 398). 

Analysis of coal from (Clifford, '87, p. 10. 
La Beche, '48, p. lxv. W. R. Johnson, 
'51, p. 12. Williams, '83, p. 82). 

Brief account of coal mines at (Dacldow and 
Bannan, '66, p. 401. Lyell, '47, p. 264.). 

Hill, Va.-Continued. 
Character and efficiency of coal from (W. 

Johnson, '50, pp. 133-134, and table op. 
134). 

Coal field of (Credner, '66). 
Condition of coal mines at 

16). 
Descriptions and figures of fossil fishes 

(Newberry, '88). 
Mention of a trap dike at (Clifford, '88). 
Natural coke and trap dike at (De La Boohe, 

'48, p.lxvi). 
Natural coke from (W. R. Johnson, '50, pp. 

175-176. Lyell, '47, p. 271). 
Plants, fossil, from (Fontaine, '83, p. 4. New· 

berry, '88. Stur, '88). 
Production of coal mines (Taylor, '48, pp. 51-

52). 
Recent mining at (Hotchkiss, "83a). 
Section at (CliJl"ord, '87, pl. 2. Fontaine, '83, 

p. 9. Lyell, '47, p. 271). 
Test of coal from (Emmons, '56, p. 249). 
Thickness of coal at (Lyell, '47, p. 271). 
Trap in coal mine at (Lyell, '47, p. 271). 
Trial of the coal from, for heating purpo868 

(W. R. Johnson, '44, pp. 363-377, 448). 
Coal. Brief sketch of. (H. D. Rogers, '58, YOl. 2, 

p. 763). 
Briefly reviewed (Chance, '85, pp. 17-18). 

Coal from N ortlt Carolina. Analysis of (Battle, 
'86. Chance, '84. Chance, '85. pp. 36, 47, 49, 
Clarke, '87, p. 146. Genth, '71. Jackson. 
'56a, pp. 31, 32. W. R. Johnson, '5la. 
McGehee, '83, p. 76). 

Brief account of (Emmons, '52, pp. 120-121, 
' 124-126. Emmons, '56, pp. 235, 259-265. 

Emmons, '57, p. 33. Emmons, '57 a, pp. 6-
11. Kerr, '66, pp. 45, 46. Kerr, '75, pp. 
141, 142, 143, 144, 145, 293-295. Kerr, '79, p. 
13. N.C. Land Co., '69, pp. 103-104. Lyell, 
'54, p. 12. Macfarlane, '77, pp. 519-526. 
McGehee, '83, pp. 75-77. McLanahan, '52, 
pp. 16!J-170. Mitchell, '42, pp. 131-132. 
Ohnstead, '24, pp.17-23. Olmstead, 27, pp. 
126-127. Wilkes, '58. Williams, '85, p. 
59). 

Character of (Hale, '83, pp. 226, 227). 
Described mineralogically (Genth and Kerr, 

'81, pp. 82,83). 
Discovery of (Olmstead, '20. Olmstead, '24, 

p. 19). 
Gas obtaineu from (Emmons, '57, p. 31). 
Produced in 1880 (Hotchkiss, '82). 
Quality and quantity of (Emmons, '52, pp. 

130-135), 
Quality of (Chance, '85, pp. 54-56. E=ons, 

'56, pp. 246-25i. Emmons, '57a, pp. 7-8). 
Sections uf seams (Chance, '85, pp. 28-35). 
Statistical account of (Anonymous, '69, pp. 

103, 104. 
Thickness of (Emmons, '56, p. 244). 
Value of, for gas-making (Jackson, '56a, pp, 

31-32). 
Coni in Connecticut valley (Silliman, '27). 

Brief statement concerning (Percival, '42, p, 
428. Shepard, '37). 
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t.:oal in Connecticut valley-Continued. 
Discussion of tbe probability of finding 

(E. Hitchcock, '35, pp. 53-54). 
Mention of (E. Hitchcock, '23, vol. 6, p. 63. 

Percival, '42, pp. 442, 452). 
Coal in lllaryl:md. A search for (Ducatel, '37, pp. 

36-37). 
Colli in lllassachusetts. Analysis of (E. Hitch

cock, '41, p. 141). 
Brief account of (E. Hitchcock, '41, p. 448). 
Discussion concerning (E. Hitchcock, '35, pp. 

229-232. E. Hitchcock, '41, pp. 138-142). 
Coal in New Jersey. At Bellville (Cook, '81, p. 

46). 
Localities of, brief mention (Cook, '68, p. 174). 
Mention of (Cook, '68, p. 696). 
Near BernardsYille (Nason, '89, p. 28) . 
Near Boonton and Newark (Cook, '78, p. 110). 
Near Morristown) Nason, '89, p. 28). 
Near Trenton (Nason, '89, p. 27). 
Near Passaic (Pierce, '20, p. 194). 

Coal in Pennsylvania. Analysis of (McCreath, 
'79, pp. 102-103). 

At Morrisville (C. E. Hall, '81, p. 24). 
Brief reference to (Frazer, '80, p. 44). 
Notice of (Frazer, '85, p. 403). 
Reported (Lesley, '91). 

Coal in Virginia. Account of (Heinrich, '78, pp. 
243, 244. Lyell, '54, p. 12) . 

Account of the miniug of (Grammar, '18. 
Taylor, '35, p. 281-286). 

Age of (Marcou, '55, pp. 872, 873). 
Amount produce<l (Daddow and Bannan, '66, 

pp. 401,402. Hotchkiss, '82. Taylor, .'48, 
pp. 51, 52. Wooldridge, '42). 

In 1880 (Prime, '86, pp. 670-673). 
In 1883 aml1884 (Williams, '85, pp. 97, 98). 
In 1885 (Ashburncr, '86, p. 69). 
In 1887 (Ash burner, '88, p. 361). 

Analysis of (Chance, '85, p. 19. Clifford, '87, 
pp. 9, 10. De La Beebe, '48, p. LXV. 
Heinrich, '78. W. R. Johnson, '50, p. 176. 
Macfarlane, '77, p. 515. Silliman and 
Hubbard, '42. Williams, '83, p. 82). 

Brief account of (Ash burner, '87, pp. 553-554. 
Coryell, '75. Daddow and Bann:u~,_ '66, 
pp. 393-406. W. B. Rogers, '39, p. 81). 

Character and importance of (Macfarlane. 
'77). 

Description of (Clifford, '87, pp. 9-10). 
Economic value of (Hotchkiss, '80). 
Experiments on the heating qualities of (W. 

R. Johnson, '44). 
Gas obtained from (Emmons, '57, p. :11). 
In local basins (Lyell, '47, p. 266). 
Mention of (Clemson, '35. Credner, '66). 
Mode of occurrence (Heinrich, '78, pp. 266-

274. Lyell, '49, p. 284). 
Near Leaksville (W. B. Rogers, '39, p. 78). 
Organic structure of (Lyell, '47, p. 268). 
Position of (Lyell, '47, p. 262). 
Price of (Taylor, '48, pp. 50-51). 
Quality of (Taylor, '35, pp. 283-286). 
Specimens of, for theN ew Orleans Exposition 

(Hotchkiss, '84). 
Structure (Newell, '89). 

Bull. 85-11 

Coal in Virginia-Continued. 
Thickness of (Fontaine, '83, pp. 7, 8, 9. Gram

mar, '18, pp.126-127. Lyell, '47, pp.263-264, 
265,267, 271. Newell, '89. W. B. Rogers, 
'36, pp. 53-60. W. B. Rogers. '43b, p. 532. 
W. B. Rogers, '43, p. 298. Wooldridge, 
'42). 

Thinning of (Clifford, '88). 
Trials of, for heating purposes (W. R. John

son, '44, pp. 308-451). 
Map showing production of, in 1880 (Prime, 

'86, pl. 41). 

Coalbrookdale, Va. Analysis of coal from (Clif-
ford, '87, p. 10). · 

Cmtfiel<l station, Va. Boundary of Newark area 
near (Heinrich, '78, p. 230). 

Cobequid bay, N. S. Description of Newark 
rocks near (Dawson, '47, pp. 51, 52). 

Description of north side of (Dawson, '78, pp. 
99). 

Discussion: of the geology near (Dawson, '78, 
p. 110). 

Geology near (Dawson, '78, pp. 88-90). 
Newark outcrops near (Chapman, '78, p. 112). 
Section from, to Cobequicl mountains (Daw-

son, '78, pl. op. p. 125). 

Cocalico, Pa. Dip at (Frazer, '80, p. 43). 

Coke, N:ttural. Analysis of North Carolina spe
cimens (Battle, '86). 

Brief account of (Tuomey, '48, pp. 103-104. 
Wilkes, '58, p. 7). 

Account of (Clifford, '87, p. 2. Daddow and 
Bannan, '66, pp. 399-400. Heinrich, '78, 
pp. 243,244. Lyell, '47, pp. 270-271. Mac
farlane, '77, p. 508. Raymond, '83. W. 
B. Roger~, '40, p. 124). 

Analysis of (Clarke, '87, p. 146. Clifford, '87, 
pp. 10, 14. De La Beebe, '48, p. lxvi. 
W. R. Johnson, '42. W. R. Johnson, '50, 
p. 176. Lyell, '47, pp. 270-273. Raymond, 
'83. W. B. Rogers, '40, 129). 

Description of (W. R. Johnson, '42. Lyell, 
'47, p. 271). 

Discussion of the character and composition 
of (W. R. Johnson, '50, pp. 155, 156). 

Discussion of the origin of (Hotchkiss, '83. 
Stevens, '73. W nrtz, '75). 

Experiments on the heating qnalities of (W. 
R. Johnson, '-±J, pp. 138-151). 

Lyell cited on (De La Beche, '48). 

Richmond area., Virginia. Abstract of a paper 
concerning (W. B. Rogers, '24b). 

Recent mining of (Hotchkiss, '83a). 
Relation of, to igneous rocks (W. B. Rogers, 

'54a. IV. B. Rogers, 54b). 
Remarks on (Clifford, '87, pp. 11-14, 24. Co· 

ryell, '75. Heinrich, '75. Heinrich, '78, 
p. 263. T. S. Hunt, '75. W. B. Rogers, 
'54a. H. D. Rogers, '58, vol. 2, p. 764). 

Thickness of (W. B. Rogers, '54, p. 55a). 

Cold Point, Pa. Boundaries of the Newark in 
(C. E. Hall, '81, pp. 72, 73, 75). 

Cole iron mine, N. C. Brief account of, with 
sketch (Willis, '86, p. 306), . 
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Colebrook, Pa. D escription of trap dikes near 
(H. D. Rogers, '58, Yol. 2, p. 687). 

Dip near (d'Indlliers, '83, pp. 209-210). 
Colesville, Va. Boundary of Newark area near 

(Heinrich, '78, p. 231. W. B. Rogers, 
'40, p. 71). 

Collins station, Pa. Detailed description of 
Newark rocks near (Frazer, '80, pp. 103, 
104) . 

Mention of trap quarries at (S. P. Merrill, 
'89, p. 436). 

Columbia college. Description of fossil fishes in 
the museum of (Newberry, '88). 

Columbia, S. C. Description of trap dikes near 
(Tuomey, '44, p. 11) . 

Competition, Va. Boundary of Newark near 
(Heinrich, '78, p. 238). 

CO])ISTOCK, THEO. B. 1878. 
.An outline of general geology. 
Ithaca, N. Y., 12mo., pp. 1-82. 
Contains outlines for lectures.· Triassic and 

.Jurassic periods, pp. 63-66. 
Conewago, Pa. Mud rock fr ... m (C. E. Hall, '78, 

p. 24. Frazer, '76, p. 160). 
Conewago falls, Pa. .Altered shale near (H. D. 

Rogers, '58, Yol. 2, p. 677). 
Conewago hills, Pa. Brief account of trap rock 

of (T. r. Smitl1, '99). 
Contact metamorphism at (H. D. Rogers, '58, 

vol. 2, p. 687). 
Description of (Gibson, '20). 
Description of trap dikes near (H. D. Rogers, 

'58, vol. 2, p. 687). 
Trap of the (H. D. Rogers, '39, p. 22). 

Conglomerate at the base of the Newark system 
(Emmons, '57, pp. 19-21). 

Discussion of the glacial origin of (.J.D. Dana, 
'90). 

Conglomerate in Connecticut. Description of 
(Percival, '42, pp. 316, 324. PerciYal, '42, 
p. 427. W. M. Davis, '89. W. M. Dads, 
'89. Hovey, '89, pp. 372-375). 

Conglomerate in Connecticut valley. Account. of 
(E. Hitchcock, '35, pp. 214, 215, 416. E. 
Hitchcock, '23, vol. 6, }J. 62). 

Composition of (E. Hitchcock, '58, p. 22). 
Description of (E. Hitchcock, '35, pp. 243-251. 

E. Hitchcock, '47a, pp. 199-207). 
Distribution of (E. Hitchcocl<, '58, p. 11. 

.Jones, '62, p. 91. Percival, '42, pp. 4-17, 
449. Russell, '78, p. 231. Shaler and Da
vis, '81, pp. 95-96). 

Conglomerate in Maryland. Brief account of 
(Ducatel, '37, pp. 36-37. Ducatel, '40. 
Tyson, '60, appendix, p. 3. H. D. Ro!;er.s, 
'36, pp. 146-147. Fontaine, '79, p. 32). 

Conglomerate in Massachusetts (E. Hitchcock, 
'55, p. 226. C. H. Hitchcock, '77a, p. 446). 

Description of (E. Hitchcock, '41, pp. 441,442, 
526,527, 648. Emmons, '57, pp. 5, 6, 7. E. 
Hitchcock, '41, p. 527. Nash, '27, p. 246). 

Conglomerate in New Brunswick (Gesner, '40, p. 
18. Matthew, '65, pp. 123,124, 125). 

Origin of, and character (Whittle, '91). 
Conglomerate in New Jersey. Age of (Nason, '89, 

p. 41). 

Conglomerate in New Jersey-Continued. 
.At Boonton, reference to (Russell, '78, p. 232). 
At Paterson (Cook, '79, p.18). 
.At Pattenburg (Cook, '82, p. 17). 
At Pompton, reference to (Russell, '78, p. 232). 
Beneath First mountain (Cook, '68, p. 337). 
Beneath the Palisades (Cook, '68, p. 208 

Darton, '90, p. 50). 
Brief account of (Emmons, '57, p. 8. Cook, 

'65, p. 7. Nason, '89, pp. 16, 17). 
Cemented with trap sand (Nason, '89, p. 21). 
Change of, to sandstone (Cook, '82, p. 33). 
Character and distribution of (Nason, '89, pp. 

20-21, 39-41. Russell, '78, pp. 231-241. 
Cook, '68, pp. 391, 392,393. Russell, '80a). 

C:ontaining trap pebbles, origin of (Nason, 
'89a). 

Description of (C:ook, '82, pp. 2J-22) . 
Details of (Cook, '68, pp. 209-212). 
Detailed description of (H. D. Rogers, '36, pp. 

146-150. H. D. Rogers, '40, pp.135-141). 
Dip of (Cook, '79, pp. 29, 30) . 
Lithological description of (Cook, '68, p. 206). 
Localities of (Cook, 82, p. 21). 
Mode of formation of (Russell, '78. pp. 232-237). 
Mention of (Cook, '68, p. 210. Cook, '79, p. 39. 

Cook, '82, pp. 18, 19. Cook, '82, })p. 39-42. 
Nason, '90) . 

Near Passaic falls (Cook, '79, p. 18). 
Near Paterson (Cook, '82, p. 51). 
Near Pompton, description of (Kitchell, '56, 

pp. 144, 145). 
Near Trenton, brief account of (H. D . Rogel'l:l, 

'40, pp. 119, 120). 
On west borderofNewark (Cook, '79, pp.lS-19). 
Origin of (Russell, '78, p. 253). 
Origin of (Cook, '68, pp. 337-338). 
Summary of conclusions in reference to origin 

of (Cook, '89, p. 15). 
Two Yarieties of (Cook, '82, p. 21). 

<.:onglomerate in New York. Brief account of 
(Mather, '39, pp.123-125, 126-127. Mather, 
'43, pp. 286, 287, 288, 289). 

\V. W. Mather cited on (Lea, '53, p.l90). 
Conglomerate in Nortll Carolina. Brief account 

of (Emmons, '56, pp. 229-230. Emmons, 
'57, pp. 97-98. Emmons, '57, pp. 77. Kerr, 
' 75, pp. 141, 303. Kerr, '75a). 

Dan river coal field, brief account of (Em
mons, '52, p. 147. Emmons, '56, p. 256). 

Deep riYer coal field (Emmons, '52, p. 121. 
Emmous, '56, pp. 237-238. Macfarlane, 
'77, pp. 518-519). 

Brief account of (Wilkes, '58, pp. 4-5. W. R. 
.Johnson, '51, p. 5). 

Source of (Kerr, '75, p. 146). 
Conglomerate in Nova Scotia (Dawson, '78, p. 87. 

Dawso11, '78, pp. 100-101. Ells, '85, p. 7E). 
Conglomerate in Pennsylvani:1. A general ac

count of (Lea, '51). 
.At base of the Newark (Lesley, '83, pp.184, 

188). 
At top of the Newark (Lesley, '83, p. 188). 
Brief account of (H. D. Rogers, '41, pp. 17,38-

39. H. D. Rogers, '58, vol. 2, pp. 677, 679. 
680). 
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(;onglomerate in Pennsylvania-Continued.· 
Character of the (Lesley, '83, p. 184). 
Derived from the Potsdam (Lesley, '83, p. 189). 
Description of (H. D. Rogers, '58, vol. 2, pp. 

669,670, 679, 681-684). 
In Adams county, brief account of (Frazer, 

'77, pp. 265-266). 
In Berks county, brief account of (d'Invil

liers, '83, pp. 199, 201-203). 
InBerks county, observations on (d'Invilliers, 

'83, pp. 213-226). 
In Bucks county, brief account of (Lesley, 

'85, p. xxix). 
In Chester county (Frazer, '83, p. 244. Lesley, 

'83, pp. 184, 192). 
In Chester county, on gneiss (Lesley, '83, pp. 

188, 189). 
In Chester and Bucks counties, brief acoount 

of (C. E. Hall, '81, p. 24). 
In Montgomery county, brief account of (C. 

E. Hall, '81, p. 24). 
In Shelley's ore band near Dillsburg (Frazer, 

'77, p. 222). 
In the Warwick shaft (d'Invilliers, '83, pp. 

317, 318, 320). 
In York county (Frazer, '85, p. 403). 
Localities of (H. D . Rogers, '39, p. 17). 
Mode of deposition of (Lesley, '83, ' pp. 179-

180). 
Name applied to (H. D. Rogers, '58, vol. 2, p. 

679). 
Near Dillsburg (Frazer, '77, p. 225). 
Near Falmouth and Collins, detailed account 

of (Frazer, '80, pp. 103-104). 
Near Fairville, brief account of (Frazer, '80, 

p. 49). 
Near Monroe, dip of (C. E. Hall, '83, p. 247). 
Near Morrisville, from analysis of (C. E. Hall, 

'81, pp. 24, 111). 
Near Yardleyville (H. D. Rogers, '58, vol. 2, 

p. 672). 
Near York, dip of (Frazer, '76, p. 92). 
On northwest border of the Newark system 

(H. D. Rogers, '58, vol. 2, p. 674). 
With iron ore (d'Invilliers, '83, p. 239). 

. Conglomerate in Virginia. Brief account of (W. 
B. Rogers, '36, pp. 81, 82. W. B. Rogers, 
'37, p. 7). 

Character and distribution of (W. B. Rogers, 
'39, pp. 70, 72). 

Description of (Cornelius, '18, p. 216. Hein
rich, '78, pp. 239-240. Heinrich, '78, pp. 
252, 256. W. B. Rogers, '39, p. 80. W. B. 
Rogers, '40, pp. 60-61). 

Near Leesburg and Culpeper Court House, 
description of (Fontaine, '79, pp. 32, 34). 

"Potomac marble," W. B. Rogers cited on the 
origin of (Lea, '53, p. 189). 

Conglomerate on Prince Edwards island (Daw
son, '78, p. 87). 

CONLAN, P. H., and J. Records of wells bored 
by, in New .Jersey (Nason, '89b). 

Connecticut. Age of Newark system in, note in 
reference to (Dawson, '58). 

Age of the Newark of, remarks on (Newberry, 
'85). 

Connecticut-Continued. 

Analysis of diabatite from Farmington hills 
(Hawes, '75a). 

Analysis of trap from West Rock (Frazer, 
'75a, p. 404). 

Bones, fossil, at East Windsor, note on the 
finding of (N. Smith, '20). 

Crescent form of certain trap ridges in (H. D. 
Rogers, '43c). 

Critical study of trap ontcrops near New 
Haven (.J.D. Dana, '91). 

Dip in, remarks on (E. Hitchcock, '41, p.448). 
Fish, fossil, from, a study of (.J. H. Redfield, 

'36). 
Fishes, fossil, from, description of (Newberry, 

'78). W. C. Redfield, '41). 
Fishes, fossil, from, list of (De Kay, '42). 
Fishes, fossil, from, remarks on (Harlan, '34, 

pp. 92-94). 
Footprints in, notice of the discovery of (W. 

C. Redfield, '42). 
Footprints from, report on (Rogers, Vanuxem, 

Taylor, Emmons, and Conrad, '41). 
Fossil bones found at East Windsor (.John 

Hall, '21). 
Fossil bones found in, account of (E. Hitch

cock, '41, pp. 503-504, pl. 49). 
Fossils found at Middletown, brief reference 

to (Silliman, '37). 
Geology about Meriden (C. H. S. Davis, '70). 
Geology of, report on (Percival, '42. Shepard, 

'37) . 
Geology of Berlin, brief references to (Per

cival, '22). 
Geology of the region about New Haven (Silli

man, '14). 
Hanging hills, description of (Chapin, '87). 
Hanging hills of Meriden, exqursion to (.J.D. 

Dana, '70). 
Lost volcanoes of (W. M. Davis, '91). 
Newark areas in (Percival, '42, p. 10). 
Newark system in, brief account of (Lyell, 

'54). 
Newark system of, former extent of (Britton, 

'81, p. 169. D. S. Martin, '85). 
Sandstone from (.J.D. Dana, '7lb) . 
Sandstone quarries of (S. P. Merrill, '89, pp. 

446-448. Shaler, '84, pp. 126, 127). 
Sandstone strata at Portland, spontaneous 

movements in (J· . .Johnson, '54). 
Sections, Beckley (W. M. Davis, '83, pp. 305-

307, pl. 10). 
Sections, Bristol copper mine (Silliman and 

Whitney, '55). 
Sections, East Haven, dikes in. After E. 

Hitchcock (W. M. Davis, '83, p. 280, pl. 9). 
Sections, Lamentation mountain (W. M. 

Davis, 'R9, pl. 1). 
Sections, Meriden, near (W. M. Davis, '89, pl. 

5). 

Sections, Meriden district (W. M. Davis, '89c, 
p.425). 

Sections, Meriden-New Britain district (W. 
M. Davis, '89, pl. 5). 

Sections, New Haven and East Haven, be
tween (W. M. Davis, '83, pp. 305-307, pl.10). 
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Connecticut-Continued. 
Sections, South Britain, showing supposed re

lation of trap ridges near (W. M. Davis, 
'88, p. 471). 

Sections, Springfield, Connecticut valley (E. 
Hitchcock, '58, pL 2). 

Sections through (Walling, '78, pl. op. p. 192). 
Sections, W allingforii, across a number of 

ridges in. After A. B. Chapin (W. M. 
Davis, '83, p. 280, pl. 9). 

Southbury area, description of (Silliman, 20a, 
pp. 231-233). 

Thickness of Newark rocks in (.J. D. Dana, 
'73, vol. 5, p. 427). 

Trap dikes at East Haven, account of (E._ 
Hitchcock, '41, pp. 655-656). 

Trap dikes at Wallingford (Chapin, '35). 
Trap dikes in, note on (Lyell, '47, p. 273). 
Trap from West Rock, analysis of (Frazer, 

'75a, p. 409). 
Trap of, compared with trap from Gt.ttysburg, 

Pa. (Frazer, '75b). 
Trap ridges in (.J.D. Dana, '73, vol. 6, pp. 105, 

106). 
Trap rock of, character of (.J.D. Dana, '72). 
Trap rock of, detailed description of (Perci-

val, '42, pp. 299-426). 
Trap rock of, origin of (.J.D. Dana, '71a). 
Trap rock of, quarries of (Shaler, '84, p. 127). 
Trap sheets of, described (Davis and Whittle, 

'89). 
Trap sheets of, extrusive, with breccia in 

(Rice, '86). 
Tree trunks at Bristol, description of the find

ing of (Silliman, jr., '47). 
Unconformity at base of Newark in (.J. D. 

Dana, '73, vol. 5, p. 427). 
Vertebrate fossils (bones) from, description 

of (Cope, '69, p. 122. Marsh, '89, pp. 331, 
332. Wyman, '55. Wyman, 55a). 

Vertebrate fossils, notice of (Silliman, '20). 
Vertebrate fossils, remarks on (Newberry, 

'85, W. B. Rogers, '60a). 
West Rock, description of (Silliman, '20a, pp. 

202-203). 
Connecticut river. Deflection of, at Middletown 

(W. M. Davis, '89c, p. 432). · 
(See, also, Connecticut valley.)' 

Connecticut valley. Account of the Newark sys
tem in (E. Hitchcock, '35, pp. 211-251). 

Age and divisions of the stratified rocks in 
(Wells, '50). 

Age ofN ewarkrocks of (Emmons,' 57b, p. 79-80). 
Age of Newark system in (W. C. Red:field, '51). 
Age of sands~one in (E. Hitchcock, '58, p. 3. 

.Jackson, '50). 
Age of sandstone of, remarks on (H. D. Rogers, 

43b). 
Age of sandstone of, statement of opinion con

cerning (C. H. Hit.chcock, '55, p. 392). 
.Age of the red sandstone in, discussed (H. D. 

Rogers, '58, vol. 2, pp. 694-695). 
Age of sandstone of, statement of opinion 

concerning (U. H. Hitchcock, '55, p. 392). 
Age of, as indicated by fossil fishes (W. C. 

Red:field, '56, pp. 180-181). 

Connecticut valley-Continued. 
Age of, as indicated l1y stratigraphy (Foster, 

'51). 
Amount of erosion in (Hubbard, '50, p.170). 
Analyses of coprolites from (S. L. Dana and 

E. Hitchcock, '45). 
Analysis of trap rocks from (Hawes, '75). 
Brief account of (Danberry, '39, pp.19-23. E. 

Hitchcock, '36, pp. 329-330. H. Hitchcock, 
'56. Lyell, '71, pp. 361. Russell, '78, pp. 
221-222). 

Brief sketch of Newark in (H. D. Rogers, '58, 
vol. 2, pp. 759-765). 

Building stone from (Alger, '51. Lyell, '54, 
p.13). 

· Coal in, probability of finding (E. Hitchcock, 
'35, pp. 53-54). 

Coal in, reference to (Silliman, '27). 
Conglomerate in, distribution (Russell, '78, p. 

238). 
Conglomerate in, glacial origin of (Shaler and 

Davis, '81, pp. 95-96). 
Conglomerate of trap in (E. Hitchcock, '44e, 

pp. 6-8). 
Copper associated with trap, discussion of the 

origin of (Silliman and Houghton, '44). 
Copper mine at Bristol, description of (Silli

man and Whitney, '55). 
Copper near Wallingford, discovery of (Silli

man, '18). 
Description of (E. Hitehcock, '41, pp. 256-259). 
Description of Newark of (Lyell, '66, pp. 452-

456). 
Dip in (.J. D. Dana, '75, p. 419. E. Hitchcock, 

'36, p. 329. E. Hitchcock, '47a, p. 200). 
Dip in, hypothesis accounting for (Bradley, 

'76). 
Dip in, origin of (Whitney, '60). 
Dip in, brief account 9f (E. Hitchcock, '35, 

p. 224). 
Dip of limeatone in (E. Hitchcock, '58, p. 8). 
Dip of red sandstone in, brief account of (H. 

D. Rogers, '58, vol. 2, pp. 761-762). 
Dip of rocks in (E. Hitehcock, '58, pp. 10, 11). 
Dip of rocks of, origin of (Silliman, jr., '42a). 
Dip of sandstones and shales, origin of (Rus· 

sell. '78, p. 229). 
Dip of sandstone in, cause of (Silliman, jr., 

'42). 
Dip of sandstones of, accounted for by mode 

of deposition (Silliman, jr., '44). 
Drainage of the Newark area of (.J.D. Dana, 

'75, p. 500). 
Extent of the Newark in (A. Smith, '32, pp. 

219-220). 
Fishes, fossil, from, description of (E. Hitch

cock, '37, pp. 267-271). 
Connecticut valley, footprints from. Additional 

observations on (E. Hitchcock, '63). 
Annelid trails from (E. Hitchcock, '58, pp. 

160-166, pls. 26, 27, 28, 49) . 
Association of, with trap (E. Hitchcock, '58, 

p.173). 
Brief account of (Emmons, '57, pp. 139-142. 

E. Hitchcock, '37, pp. 267, 271. E. Hitch
cock, '55a, pp. 181-189. Hitchcock and 
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Connecticut valley, foot1)rints from-Continued. 

Hitchcock, '67. pp. 309-320. Lyell, '43, 
pp. 39-40). 

Brief discussion of (Owen, '43). 
Brief reference to the finding of (Anonymous, 

'38a). 
Characteristics and paleontological value of 

(E. Hitchcock, '60). 
Description of (Deane, '43. Deane, '45a. 

Deane, '45d. E. Hitchcock, '36. E. Hitch
cock, '48. E. Hitchcock, '58. E. Hitch
cock, '65). 

Descriptions and figures of (Deane, '49). 
Descriptions and illustration of (E. Hitch

cock, '58). 
Letter from R. I. Murchison concerning 

(Murchison, '43a). 
List of (E. Hitchcock, '37a). 
Localities in, additional (E. Hitchcock, '37lJ). 
Localities of (D. Marsh, '48). 
Marsh cited on the reptilian character of 

(Hull, '87, p. 86). 
Note on (Silliman ancl Dana, '47). 
Observations regarding (Mantell, '43). 
Of crustaceans (Dana, '58a). 
Popular description of (E. Hitchcock, '58, pp. 

175--190. 
Priority in the discovery of (Bouve, '59. 

Deane, '44. Deane, '44b. E. Hitchcock, 
44d. E. Hitchcock, '58, pp. 191-199. 
Mackie, '64. W.B. Rogers, '59). 

Remarks on (Cope, '69, p. 242. Deane, '42. 
Field, '60a. E. Hitchcock, '45c. Leidy, 
'58. Warren, '55). 

Revised classification of (Hitchcock, '45). 
Synopsis of (E. Hitchcock, '58, p. 174). 
Table showing characteristics of (E. Hitch

cook, '58, pp. 201-205). 
Wide distribution of (Lea, '53, pp. 185--188). 

Connecticut valley. Former connection of the 
Newark system in, with the rocks of the 
same age in New .Jersey (Bradley, '76, p. 
289). 

Former extent of th~ Newark rocks of (.T. D. 
Dana, '79. D. S. Martin, '83. Russell, 
'80a). 

Former extent of the sandstones in (W. M. 
Davis, '82a). 

Fossil fish localities at Middlefield and West
field, described (Anon:rmous, '38). 

Fossil fish from, remarks on (Emmons, '57, p. 
142). 

Fossil fishes from (E. Hitchcock, '58, pp. 144-
147, pls. 25, 26. Newberry, '88). 

Fossil fishes from, description of (Edgerton, 
'49). 

Fossil fishes from Little Falls (C. H. S. Davis, 
'87). 

Garnets in trap near New Haven (E. S. Dana, 
'77). 

General account of the geology of (E. Hitch
cock, '23. E. Hitchcock, '41, pp. 434-441. 
Silliman, '24, pp. 17-30, 428-431). 

Joints in, remarks on (E. Hitchcock, '41a. 
Silliman, jr., '41). 

Lithological character of sandstone of (E. 
Hitchcock, '36, p. 330). 

Connecticut valley-Continued. 
Lithology and stratigraphy of, brief account 

of (Wells, '51a). 
Map of Newark area in (W. M. Davis, '89, 

pl.1). 
Map of, showing footprint localities (E. Hitch

cock, '58, pl. 2). 
Meriden, detailed study of structnre near (W. 

M. Davis. '89). 
Microscopical examination of sandstone fi"om 

(Hawes, '78). 
Mineralogical composition and durability of 

building stoue from near East Haven 
(Hubbard, '85). 

Mocle of deposition of sandstone of (E. Hitch
cock, '58, p. 172-173). 

Mode of formation of Newark rocks in (A. 
Smith, '32, pp. 221-224). 

Mode of fm=ation of the Newark sandstones 
and shales of (.Jackson, '41). 

Origin and former extent of theN ewark rocks 
of, discussed (.T. D. Dana, '83). 

Plants, fossil, from (Chapin, '87a. .r. D. Dana, 
'55. E. Hitchcock, '43b, p. 294. E. Hitch
cock, '58, p. 8. E. Hitchcock, jr., '55. 
Leidy, '58. Newberry, '88). 

Raindrop impressions from (Deane, '42). 
[Ripplemarks from] (E. Hitchcock, '56, p.l11). 
Sections (Eaton, '20, 111. 2. Le Conte, '82, pp. 

245, 246). 
Section after E. Hitchcock, A. Eaton, A. 

Smith, ancl A. B. Chapin (W. M. Davis, 
'83, pp. 280-281, pl. 9). 

Section, hypothetical (W. M. Davis, '86, p. 
350). 

Section, hypothetical, after .r. Le Conte (W. 
M. Davis, '83, p. 281, pl. 9). 

Section, Mett.awampe, Mass. (E. Hitchcock, 
'58, pl. 3). 

Section, Mount Tom, Mass. (E. Hitchcock, 
'58, pl. 3). 

Section, Nowottuck, Mass. (E. Hitchcock, 
'58, pl. 3). 

Section, Springfield, Conn. (E. Hitchcock, '58, 
pl. 2). 

Section, Turner Falls, Mass. (E. Hitchcock, 
'58, pl. 3). 

Structure of (Davis and Loper, '91). 
Structure of, discuseed (W. M. Davis, '88. 

-...v. M. Davis, '88a. W. M. Davis, '89b. 
LeConte, '82, pp. 245, 246). 

Tadpole nests, so called, discussion of (Shep· 
ard, '67). 

Thickness of strata in (E. Hitchcock, '53. E. 
Hitchcock. '58, pp. 11-15. Smith, '32, pp. 
219-220). 

Topographical developments of the Newark 
system in (W. M. Davis, '89. E. Hitch
cock, '41, pp. 446-447). 

Topography of (E. Hitchcock, '35, pp. 220-
222). 

Topography of the region about New Haven 
(.T. D. Dana, '71, pp. 46-47. .r. D. Dana, 
'75a, p. 170). 

Trap and trap conglomerate in, brief descrip
tion of (E. Hitchcock, '44e, pp. 6--8). 

Trap hills of, origin of, discussed (Chapin, '87). 
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Connecticut valley-Continued. 
Trap of (Chapin, '87). 
Trap of, an account of (.A.. Smith, '32, pp. 

224-227). 
Trap of, in connection with the transmission 

of vibrations (Stodder, '57). 
Trap ridges in, crescent-shaped (Silliman, 

'44). 
Trap ridges in the East Haven-Bradford 

region (Hovey, '89). 
Trap ridges of, brief account of (Russell, '78. 

pp. 241-242). 
Trap ridges of, observations on (W. M. Davis, 

'82). 
Trap ridges of, reference to (J.D. Dana, '47, 

pp. 391-392). 
Trap rock of (E. S. Dana, '75). 
Trap rocks in, brief account of (Emmons, '57, 

p. 151. Porter, '22). 
Trap rocks in, brief account of distribution of 

(Percival, '42, pp. 10-11). 
Trap rocks in, general account of (E. Hitch

cock, '23, vol. 6, pp. 44-80; vol. 7, l-16, 29-
30). 

Trap rocks of, described (E. Hitchcock, '47a, 
p. 199-207). 

Trap i·ocks of, reference to the volcanic origin 
of (Cooper, '22, 239-243). 

Trap sheets of (W. M. Davis, '82a). 
Trap tufa or volcanic grit of (E. Hitchcock, 

'44). 
Uplift of the sandstone in (J. D. Dana, '73, 

vol. 5, p. 432). 
Unconformity at base of theN ewark in (Jack

son, '56b, p. 184). 

Connecticut valley and New .Jersey. Hypotheti
cal section of, after I. C. Russell (W. M. 
Davis, '83, p. 281, pl. 9). 

Connecticut valley sandstone. Description of 
(Lyell, '42, p. 794). 

See also Massachusetts ancl Connecticut. 

CONRAD, T[IMOTHf] A[BBOTT]. 1839. 
Notes on American geology. 
In .A.m. Jour. Sci., vol. 35, pp. 237-251. 
Contains a brief description of the Newark 

rocks along the Hndson, wit.h the state
ment that they are probably of the Lower 
Silurian age, p. 249. 

CONRAD, T. A. 1841. 
Fifth annual report on the paleontology of 

the state of New York. 
In .fifth annual report of the geological 

survey of New York, Albany, N. Y., 
1841, pp. 25-57. 

Brief statement in reference to the geological 
position of the Triassic rocks. Absence of 
brine springs and rock salt, pp. 43-44. 

t:ONRAD, T. A. 1841a. 
Report on the ornithichnites or footmarks of 

extinct birds in the new red sandstone of 
Massachusetts and Connecticut, observed 
by Prof. Hitchcock of Amherst. 

See Rogers, Vanuxem, Taylor, Emmons, and 
Conrad, 1841. 

CONilAD, T. A. 1868. 
Description of a new species of Myacites. 
I-n Philadelphia .A.cad. Nat. Sci., Proc., vol. 9, 

1857, p. 166. 
Describes Mv acites pennsylvan1:cus. from 

Phrenixville, Pa. 
CONRAD, T. A. 1868. 

Description of and reference to Miocene shells 
of the .A. tlan tic slope, and descriptions of 
two new supposed Cretaceous species. 

In .A.m. Jour. Conch., vol. 4, pp. 278-279. 
A. description of two fossil shells, Astarte 

veta and A. annosa, from Washington, 
Middlesex County, N.J., p. 279. 

Fossils from the locality here mentioned have 
been examined by R. P. Whitfield, 
Monog. U. S. Geol. Surv., vol. 9, 1886, pp. 
22-27, and shown not to be Newark. The 
formation to which they belong is re
ferred to the Potomac, by W. J. McGee. 
.A.m. Jour. Sci., 3d ser., vol. 35, pp. 136-
137. 

CONRAD, T. A. 1870. 
Descriptions of new fossil mollusca, princi· 

pally Cretaceous. 
In .A.m. Jour. Conch., vol. 5, pp. 96-103. 
Description of a fossil shell from near Per

kiomen Creek, Pa., p. 102. 
CONUAD, T. A. Cited on fossil crustaceans from 

the Newark system (Jones, '62, pp. 86, 
92). 

CONRAD, T. A. Notice of work by, in Pennsyl· 
vania (Miller, '79-'81, vol. 2, p. 153, 155). 

CONRAD, T. A. Notice of work of, in New Jer
sey (Miller, '79-'81, vol. 2, p. 223). 

CONRAD, T. A., and WM. M. GABB. 1861. 
Illustrations of some fossils described in the 

proceedings of the [Philadelphia] .A.cad· 
emy of Natural Science. 

In Phila . .A.cad. Nat. Sci., Proc. [vol. 121,1860, 
p. 55, pl. 1. 

Gives a figure of Myacites pennsylvanicua, 
previously descr_ibed by T . .A.. Conrad, pl. 
1. [The plate referred to is nmnbered 7 
by mistake.] 

Conshohocken, Pa. Boundary of the Newark 
near (C. E. Hall, '81, p. 22). 

Description of trap cUkes near (C. E . Hall, '81, 
p. 19). 

Trap dikes near (C. E. Hall, '81, pp. 19-20, 75. 
Lewis, '85, p. 443. H. D. Rogers, '58, vol. 
1, p. 214). 

Contact ofNewarkrocks and gneiss in New Jersey 
(H. D. Rogers. '40, pp. 16, 17, 18). 

Of Newark ancl Lower Carboniferous near 
Folly River, Nova Scotia (Ells, '85, p.48E). 

Of trap and sandstone at Martin Dock (Cook, 
'82, p. 58). 

Of trap and sedimentary rocks in New Jersey 
(Cook, '83, pp. 164-165). 

Of trap with sedimentary rocks inN ew llruns
wick (Bailey, '72, pp. 220-221). 

Phenomena at Alpine, New Jersey (Cook, '82, 
p. 46). 

Phenomena inN. J. (Cook, '82, pp. 37, 50, 93). 
See also metamorphism contact. 
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COOK, GOORGE H. 1864-. 
Report of Prof. George H. Cook upon the 

geological survey of New .Jersey and its 
progress during the year 1863. 

Trenton, N . .J. Pp. 1-13. 
Contains a brief notice of extent. of Newark 

rocks inHunterdon count.y, together with 
an account of prevailing dips, and a quali
fied statement of the age of the Newark 
system in New .Jersey. Pp. 6-7. 

COOK, GEORGE H. 1865. 
The annual report of Prof. George H. Cook, 

state geologist, to his excellency .Joel 
Parker, president of the board of mana_ 
gers of the Geological Survey of New 
.Jersey, for the year 1864. 

Trenton, N . .J. Pp. 1-24, pl. 2. 
East border of the Newark system in New 

Jersey defined, p. 5. Northwest border 
defined, pp. 6-8. Geological map, p. 21. 
Geological section, p. 22. Tabular state
ment to accompany geological map, giving 
principal rocks and localities where found, 
p. 24. 

COOK, GEORGE H. 1868. 
Geology of New .Jersey. 
Newark [N . .J.]. Pp. i-~xiv, 1-900, pl. 6. 

Accompanied by a portfolio containing 8 
maps in 13 sheets. 

The following table indicates the contents of 
this volume so far as it relates to theN ew
ark system: 

Geological section showing foreign 
Page. 

equivalents . . . . . . . . . . . . . . . . . . . . . . 36 
Age and geographical extent ........ 173-194 
Age determined from relation to asso-

ciated rocks ...................... 173-174 
Age indicated by organic remains.. . 124 
Thickness ........................... 174-175 
Boundaries .......................... 175-176 
Trap rocks, general description of ... 176-194 

Bergen neck and Palisade moun-
tain (boundaries O.escribed) ...... 176-178 

Staten island, New York . . . . . . . . . . 178 
Big Snake hill, Little Snake bill .... 178-179 
First and Second mountains (boun-

daries described) ................. 179-185 
Third mountain................... 185 
Packanack ..... -- . . . . . . . . . . . . . . . . . . 185 
Towakhow or Hook mountain 

(boundaries described)........... 186 
Riker or Morehouse hill. . . . . . . . . . . 186 
Long hill (boundaries described) ... 186-187 
Basking ridge _ .................... 187-188 
New Vernon and Loantaka. .... .. .. 188 
Ramapo valley . . . . . . . . . . . . . . . . . . . . 188-189 
Lawrence brook or Dean pond, 

Ten-Mile Run mountain, and 
Rocky hill (boundaries described) 189-190 

Pennington mountain............. 190 
Bald Pate mountain ............... 190-191 
Belle mountain.................... 191 
Sour land mountain (boundaries de-

scribed)......................... . 191-192 
Alexsocken creek . . . . . . . . . . . . . . . . . 192 
Point pleasant ..................... 192-193 

COOK, GEORGE H.-Continued. 
Pickler, or Round Valley moun-

tain (boundaries described) ... . 
Round mountain .................. . 
NewGermantownandSilverhill .. . 

Page. 

193 
193-194 

194 
Geological structure... . . . . . . . . . . . . . . 195- 205 

Dips, table of ...................... 195-199 
Sections described (the sections are 

on map in portfolio) .............. 199-201 
.Joints, tableshowingdirectionof... 201 
Faults .................... : .. .. .. .. 202 
Trap rocks, relation of to sedimen-

tary beds. . . . . . . . . . . . . . . . . . . . . . . . . 202-205 
.Joints in trap, table of............. 305 

Rocks. .. .. . .. . .. . . .. . . .. . .. . .. . .. . . . . 206-207 
Sandstone, conglomerate, shale, 

basalt, etc., brief account of. ..... 206-207 
Sandstone, detailed description of 

outcrops, etc ..................... 208-209 
Conglomerate, detailed description 

of outcrops, etc.... .. . .. . .. .. .. .. 209-212 
Shale, detailed description of out-

crops, etc ........................ 212-214 
Limestone, detailed description of 

outcrops, etc.................... 214-215 
Trap rock, detailed description of 

outcrops, etc., with analyses ..... 215-218 
Minerals and ores... .. .. .. .. . .. . .. . 218-225 

Geology of the surface.. . . . . . . . . . . . . . 226-238 
. Soils derived from sandstone, shale, 

and trap.... . . . . . . . . . . . . . . . . . . . . . 226 
Glacial drift ............ : .......... 227-229 
River terraces..................... 227 
lEolian sand ....................... 227-228 
Glacial scratches, table of.......... 228 
Tide marshes. . . . . . . . . . . . . . . . . . . . . . 230-238 

Theoretical considerations relating to 
mode of formation, origin of the 
trap, historical geology rock, color 
of the sandstone, etc ............. 336-339 

Building materials (sandstones) ..... 504-512 
Ores of copper. .. .. .. .. . .. . .. .. .. . .. . 675-680 
Extinct reptilia (byEdw. D. Cope), 

Appendix B...................... 733 
Minerals, list of (by E. Seymour), 

Appendix D ..................... 743-750 
COOK, GEORUE H. 1871. 

[Annual report of the state geologist of New 
.Jersey, for the year 1870]. 

New Brunswick, N . .J. · Pp. 1-75, pl. 4. 
Deposits of copper ore described, pp. 55, 57. 

COOK, GEORGE H. 1873. 
Geological Survey of New .Jersey. Annual 

report of the state geologist for the year 
1873. 

Trenton, N . .J. Pp. 1-128, pl. 2. 
.Junction of Newark and Azoic rocks men

tioned, pp. 13-14. Color given to Newark 
rocks on geological map, p. 22. Copper 
ores briefly mentioned, pp. 98-99. Part 
of the east boundary of the Newark sys
tem briefly described, p. 103. 

COOK, GEORGE H. 1874. 
Geological Survey of New .Jersey. Annual 

report of the state geologist for the year 
1874. 



168 THE NEW ARK SYSTEM. (BULL.85. 

COOK, GEORGE H.-Continued. 
Trenton [N . .J.]. Pp.1-115, with map. 
Copper ores, p. 32. .Junction of Newark and 

Cretaceous rocks mentioned, p. 43. Native 
iron in trap rocks, pp. 56-57. 

COOK, GEORGE H. 1876. 
Catalogue of the Centennial exhibit of the 

Geological Survey of New .T ersey. 
[Trenton, N . .J.] Pp.1-84. 
Brief account of extent of the Newark sys

tem in New Jersey, with catalogue of 30 
specimens of sandstones, shale, flagstone, 
conglomerate, ancl trap, pp. 24-25. Four 
other specimens of sandstone mentioned 
on p. 45. 

COOK, GEORGE H. 1878. 
Geological survey of New .Jersey. Annual 

report of the state geologist for the year 
1878. 

Trenton, N . .T ., pp. 1-131, with map in pocket. 
Glacial markings in trap rock, p. 10. Soil 
formed from Newark shales, pp. 24-25,29. 
Soil from trap rock ridges, p. 39. Coal in 
thin seams, p. 110. 

COOK, GEORGE H. 1879. 
Geological survey of New .Jersey. Annual 

repor~ of the state geologist for the year 
1879. 

Trenton, N . .J., pp. 1-199, pl.l, and geological 
map of New .T ersey in pocket. 

Page. 
Geographical position of the Newark 

rocks in New .Jersey, mentioned.. 12-13 
General boundaries of the Newark 

system, soil and area............. 14 
Boundaries of Newark system de-

scribed .. __ ... ___ ................. 18 
Character of rocks .. . . . . .. . .. . . . .. . . . 18 
Conglomerate along the west border 

of the Newark--·-····---------·· 19 
Quarries of sandstone................ 19-20 
Trap rocks, general description of ... _. 20 
Coal, thin seams of................... 20 
Copper ores.... . . . . . . . . . . . . . . . . . . . . . . 21 
Brownstone, quarries of. . .. .. . .. . . .. . 21-:!5 
Flagstone, quarries of................ 25 
Trap rock, quarries of................ 25-26 
Fossils, plants, fishes, ancl footprints. 26-29 
Freshwater origin of the Newark sys-

tem (stated)...................... 29 
Tables of dips in 'the red sandstone.. 29-30 
Thickness of the Newark............ 30-31 
Source of material . .. . . . . .. .. . .. .. . . . 31 
Trap, intrusive nature of .. --.. . . . . . . . 32 
Supposed faults...................... 3~33 

Folds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Magnesian limestone................. 33 
Change of dip near the trap ridges. 

Intrusive character of the trap. . . 34 
Sandstone and conglomerate border-

ing gneiss........................ 39 
Artesian and bored wells .......... 126, 128, 129 

131, 133,139, 150 
COOK, GEORGE H. 1880. 

Geological survey of New .T ersey. Annual re
port of the state geologist for the year 
1880. 

Trenton, N\J., pp.l-220, pl.l, and folding map. 

COOK, GEORGE H.-Continued. 
Abstract in Am . .Jour. Sci., 3d ser., vol. 22,pp. 

77-78. 
Contains an account of certain deep wells 

bored iu the Newark rocks, including the 
record of a well at Paterson with analysis 
of water obtained, pp. 162-166. Brief 
statement concerning deep wells in Jersey 
City. 

COOK, GEORGE H. 1881. 
Geological survey of New .Jersey. Annual 

report of the state geologist for the year 
1881. 

Trenton, N. .J., pp. 1-87, 1-107, i-xiv, and 
map. 

Brief account of reopening of copper mines, 
pp. 39-40. Description of the building 
stones of the Newark system, pp. 42-64. 

COOK, GEORGE H. 1882. 
Geological survey of New .Jersey. Annual 

report of the state geologist for the year 
1882. 

Camden, N . .T ., pp.1-191, pl. 1-6, and 3 maps. 
Page. 

Reel sandstone district............... 11-12 
Age ofthe Newark system........ 11-12 
Structure, review of papers relat-

ing to. .. .. .. . . . . . . . . .. .. . . .. .. . .. 12-14 
Hypothetical explanation of the for

mation of the Newark system.... 14-16 
Faults and folds .......... ,........ 16.17 

Detailed description of the Newark 
system in New .Jersey ....... --... 17-66 

Shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19-26 
Sandstone............ . .. . . . .. . . .. . . 20-21 
Conglomerate ....... __ ............. 21-22 
Limestone ......................... - 22 
Trap rock.......................... 22 
Dip, unconformity of.............. 22-23 
Dips, table of----------····----···· 24-30 
Hypothesis to account for dips..... 30-36 
Lithological character . . . . . . . . . . . . . 33-35 
Hypothesis relating to structure... 35-36 
Descriptions of exposures.......... 413-42 
Trap rocks......................... 43-66 
Limestones . . . . . . . . . . . . . . . . . . . . . . . . 112-113 

Little Falls, N . .J., view of (Cook, '82, 1)1. 2). 
COOK, GEORGE H. 1888. 

Geological survey of New .T ersey. Annual 
report of the state geologist for the year 
1883. 

Camden, N . .J., pp.l-188, pls.l-3. 
Abstract in Am. Jour. Sci., 3d ser., vol. 27, pp. 

408-409. 
Contains a brief review of a paper "On the 

relations of the Triassic traps and sand
stones of the eastern United States," by 
W. M. Davis. The conclusion reached by 
Davis in reference to the extrusive origin 
of the Watchung mountain trap, is con
troverted, and facts presented with the 
view of showing that all the trap rocks of 
New Jersey are intrusive. In this dis
cussion a summary is given of localities 
in New Jersey, where metamorphism ad
jacent to trap rock has been observed, pp. 
22-26. 

Native iron, and copper ores, pp.l62-166. 
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COOK, GEORGE H. 1884. 
Geological survey of New Jersey. Annual 

report of the state geologist_ for the year 
1884. 

Trenton, N . .T., pp.1-168, pls.1-5. 
Abstract in Am . .Tour. Sci., 3d ser., vol. 30, pp. 

161-162. 
Contains description with illustrations of an 

exposure of columnar trap at Orange, pp. 
23-28. 

Artesian wells with analyses of water, pp. 
135-136. 

COOK, GEORGE H. 1885. 
Geological survey of the state of New .T ersey. 

Annual report of the state geologist for 
the year 1885. 

Trenton, N . .T., pp.1-228, pls.1-13. 
Abstract in Am . .Tour. Sci., 3d ser., vol. 33, 

p.79. 
An incomplete list of localities inN ew .T ersey, 

where fossils have been found, together 
with names of some of the specimens ob
tained, pp. 95-96. 

Artesian and bored wells, with some account 
of the strata passed through, together 
with several analyses of the water ob
tained, pp. 111-123. 

A section of Newark rocks between Jersey 
City and Boonton, on :;>L op. p. 109. 

COOK, GEORGE H. 1886. 
Sketch of the geol0gy of the Cretaceous and 

Tertiary formations of New .T ersey. 
In geological survey of New .T ersey, brachio

poda and lamellibranchiata of the Rari
tan clays and greensand marls of New 
Jersey, by Robert P. Whitfield. Trenton, 
N. J ., 4to., pp. i-x:x:, 1-338, pls. 1-35, with 
foldh.g geological map of New .T ersey. 

Published also as Monograph IX, U. S. Geo
logical Survey. 

Junction of Cretaceous aml Newark described, 
and shown in diagrams, p. x. On the map 
a portion of the Newark syE;tem is shown. 

COOK, GEORGJ<j H. 1887. 
Geological survey of New Jersey. Annual 

reports of the state geologist for the year 
1886. 

Trenton, N . .r., 1887, pp. 1-254, and two maps. 
Reviewed in Science, vol. 9, 1887, pp. 595--596. 
Describes briefly the general condition of the 

Newark rocks in New Jersey, and not~ces 
briefly the various explanations of their 
str~cture, character of trap sheets, etc., 
that have been suggested. 

COOK, GEORGE H. 1888. 
Report of the subcommittee (of the Interna

tional Geological Congress) on Mesozoic. 
In Am. Geol., vol. 2, pp. 257-261. Published 

also in International Cong. Geol. Am. 
Comm. Rep., 1888, pp. E1-E15. 

Contains a brief review of -the Newark 
system. 

UOOK, GEORGE H. 1889. 
Geological survey of New Jersey. Annual 

report of the state geologist for the year 
1888. 

COOK, GEORGE H.-Continued. 
Camden, N . .r., 1889, pp.1-87, pl. op. p. 42. 
An introduction to F. L. Nason's paper on the 

Newark system in New.Tersey (pp.ll-13). 
States briefly the boundaries of the sys
tem, its area, and the character of its 
principal rocks, mo~e of their formation, 
thickness, structure, etc. Prllsents two 
sections showing small faults. 

COOK, GEORGE H. 1889 a. 
On the International Geological Congress, and 

our part in it as American geologists. 
In .Am. Assoc. Adv. Sci., Proc., vol. 37, pp.159-

177. 
Expresses belief that faults have been identi

fied in the Newark system, which explain 
its structure and apparent great thick
ness. Refers also to the position of the 
Rystem in the geological column. 

COOK, G. H. Analysis of trap from New.Tersey, 
by (.T. D. Dana, '73, vol. 6, p. 106). 

Cited on analysis of sandstone from New .r er
sey (Wurtz, '71). 

Cited on columnar trap near Orange, N. J. 
(Iddings, '86, p. 329). 

Cited on conglomerate near Paterson, N . .r. 
(Darton, '90, p.17). 

Cited on curved form of certain trap ridges 
(W. M. Davis, '83, p. 307). 

Cited on dips, indicating a fault in New Jer
sey (Lewies, '85, p. 451). 

Cited on footprint localities in New Jersey 
(C. H. Hitchcock, '88, p.122). 1 

Cited on former extent of the Newark system 
(.T. D. Dana, '83). 

Cited on geology near Martin's dock, New 
Jersey (W. M. Davis, '83, p. 276). 

Cited on the c&use of the monoclinal structure 
of the Newark rocks of New Jersey (W. 
M. Davis, '86, p. 343). 

Cited on the inclination of the red sandstone 
of New Jersey (Walling, '78, _p.196). 

Cited on the occurrence of conglomerate along 
the Delaware in New .T ersey (Russell, '78, 
pp. 235--236). 

Citeci on the origin and deposition of Newark 
strata (W. M. Davis, '83, p. 287). 

Cited on the origin of the red color of the 
Newark sandstone (Russell, '89, p. 50). 

Cited 011 the origin of prevailing dip of the 
Newark rocks of New Jersey (Wurtz, '70, 
pp. 99-100). 

Cited on the tilting of sandstone and trap in 
New.Tersey (W.M.Davis, '83, pp. 302, 303). 

Cited OL trap dikes in New Jersey (W. M. 
Davis, '83, p. 292). 

Cited on upper contact of palisade trap sheet, 
New Jersey (Davis and Whittle, '89, _p. 
106). 

Notice of work do11:e by in New Jersey 
(Miller, '79-'81, vol. 2, pp. 157-158). 

COOK, GEORGE H., and S~lOCK, JOHN C. 1874. 
Geological survey of New .r ersey. [A geolog

ical map of] northern New Jersey, show
ing iron ores and limestone districts, scale 
2 miles to 1 inch. 
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COOK, GEO. H., and SMOCK, JOHN C.-Cont'd. 
New York. Two sheets in an envelope. [Re

vision of edition of 1868.] 
Includes a portion of the area occupied by 

Newark sandstone and trap. 

COOK, GEORGE H. and JOHN C. SMOCK. 1878. 
Geological survey of New Jersey. Report on 

the clay deposits of Woodbridge, South 
Amboy and other places in New Jersey. 

Trenton, N . .r. Pp. 1-381, pls. 2, and map in 
pocket. 

The references to the Newark system in this 
volume are brief ancl incidental to the de
scription of the Cretaceous clays, etc. 
An unconformity between the Plastic 
clays at the base of the Cretaceous and 
t.he Newark rocks beneat.h is stated, pp. 
5, 24, 39,171,172. Severallocalities are also 
described where the Newark has been 
reached in excavations begun in clays, pp. 
304-305. 

Cook's gap, Conn. Description of trap ridges 
near (Percival, '42, pp. 370-371, 373, 375, 
376,379, 381). 

Detailed study of the geological struc.ture 
near (W. ::M. Davis, '89). 

Sketch map of (W. ::M. Davis, '89, pl. 5). 

Coontown, N.J. Dip at (Cook, '68, p. 196). 
Dip in shale near (Cook, '79, p. 30). 

COOPER, THOMAS. 1822. 
On volcanoes and volcanic subst.ances with a 

partial reference to the origin of the rocks 
' of the :floetz trap formation. 

In Am . .Tour. Sci., vol. 4, pp. 205-243. 
Contains a general account of the trap rocks 

of theN ewark system from Massachusetts 
to North Carolina. The trap is considered 
of igneous origin, pp. 239-243. 

Coopersburg, Pa. Dip near (Lesley, '83, p. 180). 
Dip of shale at (H. D. Rogers, '58, vol. 1, p. 

101). 
Ripple marks at (H. D. Rogers, '58, vol. 1, p. 

101). 
Cooperstown, Pa. Boundary of the Newark 

near (H. D. Rogers, '41, p. 16, 39). 
Boundary of the Newark near (H. D. Rogers, 

'58, vol. 2, p. 668). 
COPE, [E. D.J 1866. 

[Remarks on extinct vertebrates from the 
:Mesozoic red sandstone of Pennsylvania.] 

In Philadelphia Acad. Nat. Sci., Proc., vol. 
18, pp. 249-250, 290. 

Presents the results of an examination of 
certain vertebrate fossils from Phoenix
ville, Pa., and describes a new Mastodon
saurus; states that the fossils in ques
tion properly belong to the Keuper or 
upper division of the Trias. 

COPE, EDWARD D. 1868. 
Synopsis of the extinct reptilia found in the 

Mesozoic and Tertiary strata of New .r er
sey. 

In geology of New Jersey; by George H. 
Cook. Newark [N . .T.], 1868, pp. 733-73'7. 

Brief remarks on the general character of 
Olepaysaurus pennsylvanicus. 

eOPE, EDWARD D. 1869. 
Synopsis of the extinct batrachia, reptilia, and 

aves of North America. 
In Am. Phil. Soc., Trans., n. s., vol. 14, 1871, 

pp. 1-252, pls. 1-14. 
Abstract in Am . .Tour. Sci., 2d ser., vol. 49, 

pp. 390-392. 
Presents a synopsis of the batrachians and 

rept.iles that have been described from 
the Newark system. 

eOPE, [J<: . D.] 1870. 
Observations on the reptilia of the Triassic 

formations of the Atlantic region of the 
United States. 

In Am. Philo. Soc., Proc., vol. 11, 1871, pp. 
444-446. 

Abstract of a paper in which several fossil 
reptiles from the rocks mentioned are re· 
classified and a new fossil reptile from 
Phronixville, Pa., brie:fly_describcd. 

COPE, EDWARD D. 1873. 
Observations on ·the distribution of certain 

extinct vertebrata in North Carolina. 
In Am. Philo. Soc., Proc., vol. 12, 1871-1872, 

pp. 210-216, pls. 1-4. 
Discusses the biological relation of certain 

fossil reptiles from North Carolina and 
Pennsylvania. 

COPE, EDWARD D. 1875. 
Synopsis of the vertebrata whose remains 

have been preserv~d in the formations of 
North Carolina. 

In report on the geological survey of North 
Carolina, vol. 1, by W. C. Kerr. Ap
pendix B, pp. 29-52, pls. 5-8. 

Contains references to or descriptions-of fossil 
fishes, batracbians and reptiles, pp. 30, 32, 
34-35, pl. 8. 

COPE, E. D. 1877. 
Descriptions of extinct vertebrata from the 

Permian and Triassic formations of th& 
United States. 

In Am. Philo. Soc., Proc., vol. 17, 1878, pp. 
182-196. 

Describes a number of vertebrate fossils from 
Phamixville, Pa. 

COPE, E. D. 1877. 
On some saurians found in the Triassic of 

Pennsylvania, by Mr. C. M. Wheatley. 
In Am. Philo. Soc., Proc., vol. 17, 1878, pp. 

231-232. 
Describes fossil reptilian remains from 

Phcenixville, ( 1) Pa. 
COPE, E. D. 1885. 

[Vertebrate fossils of the Triassic beds of 
Pennsylvania,] 

In sketch of the geology of York county, Pa. 
In Am. Philo. Soc., Proc., vol. 23, 1886, pp. 

403-404. 
Presents a list of twelve species of vertebrate 

fossils from the rocks mentioned. 
COPE, E. D. 1885a. 

Marsh on American .r ura.ssic dinosanria. 
In A.m. Nat., vol. 10, pp. 67-68. 
A review of "The principal characters of 

American .r urassic clinosaurs," by 0. C. 
Marsh. 
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COPE, E. D. 1887. 

A contribution to the history of the verte
brata of the Trias of North America. 

In Am. Phil. Soc. Proc., vol. 24, pp. 209-228, 
pls. 1, 2. 

Describes vertebrate fossils from Pennsylva
nia and North Carolina. 

COPE [E. D.]. 1888. 
Mesozoic realm. 
In report of the subcommittee [of the Inter

national Geological Congress] on Meso
zoic. By George H. Cook. 

In Am. Geol., vol. 2, pp. 261-268. 
Published also in International Cong. Geol., 

Ann. Comm., Rep. 1888, pp. E7-E9. 
Contains a brief review of the Triassic and 

Jurassic systems of North America. 

COPE, E. D. 1889. 
[Review of H. F. Osborn's paper on the 

structure and classification of Mesozoic 
mammalia.] 

In Am. Nat., vol. 23, pp. 723-721,, pl.14. 
States the contents of the paper received. 

Reproduces one of the plates. 

COPE, E. D. Cited on the age of the Mesozoic 
sandstone of York county, Pa. (Frazer, 
'85, p. 403). 

COPE, E. D. Notice of the study of fossil rep
tiles from Pennsylvania by (Miller, '79-
'81, vol. 2, pp. 156, 223, 233). 

Copeville, Pa. Mention of trap dike near (Frazer, 
'89, p. 693). 

Copper, deposition of, in (Chapman, '56, pp. 43-
45). 

Copper hill station) N.J. Dip near (Cook, '68, 
p. 197). 

Dip in shale near ("ook, '82, p. 26). 
Copper hill, N.J. Indurated shale at (Cook, '82, 

p. 63). 
Copper in Connecticut valley. Associated with 

trap (Percival, '42, p. 318). 
Brief account of (E. Hitchcock, '35, pp. 

71-72. E. Hitchcock, '35, pp. 228-229. E. 
Hitchcock, '41, p. 448. Brongniart and 
Silliman, '22. Percival, '42, p. 318. Silli
man, '21, pp. 221, 222). 

Discussion concerning (Gilbert., '22, '22a. Hoff
man, '22. Silliman and Whitney, '55). 

FromFarmington, Conn. (Percival, '42,p.376). 
From Mt. Carmel trap ridge, Counecticut 

(Percival, '42, pp. 320-321). 
From West Rock and in North Hamden, 

Conn. (Percival, '42, p. 436). 
Copper iu Nova Scotia (How, '69, pp. 65-66, 72. 

Gesner, '36, pp. 193, 234. Gesner, '36, pp. 
192,193. Willimot,t, '84, pp. 20L, 21L). 

Copper in Peuusylv 1ia. Brief account of (Fra
zer, '77c. Frazer, '82, pp. 13l-13J. H. D. 
Rogers, '58, vol. 2, p. 763). 

In Adams county (ll. D. Rogers, '58, vol. 2, 
p. 691). 

Detailed account of (Frazer, '80, pp. 299-
304). 

In York county. Notice of (Frazer, '85, p. 
403). 

Copper bi Pennsylvania-Conthu1ed. 
Near Gettysburg. Exploration for (Frazer, 

'77, pp. 263-264). 
On the occurrence of, near Gettysburg (Fra

zer, '77b). 

Copper, native, associatecl with trap (Silliman 
and Houghton, '44). 

. From the bay of Fundy (Gilpin, '77, p. 749). 
From Bridgewater mine, New Jersey (Cook, 

'81, p. 39). 
From cape Dory, Nova Scotia (Alger, '27, p. 

232). 
From Hamden hills, Connecticut (Silliman, 

'14, p. 149). 
From Long island, Nova Scotia (Gesner, '36, 

p. 174). 
From Simsbury mines, Massachusetts (E. 

Hitchcock, '35, p. 229). 
From Wallingford, Connecticut (Silliman, 

'18). 
From Whately, Massachusetts (E. Hitchcock, 

'44b). 
From Woodllridge, New Jersey. Mention of 

(Akerly, '20, p. 61). 
In connection with trap sheets (Jackson, '50, 

p. 336). 
Localities where found (Cleaveland, '22, p. 

555). 

Copper ore in New Brunswick. On Grand Manan 
islancl (Bailey, '72, pp. 47, 221, 225, 226. 
Chapman, '72. Chapman, '78, p. 106.) 

Cop(>er ore in New Jersey. At Bellville (Cook, 
'81, p. 46). 

At Copper hill (Cook, '68, p. 679). 
At Flemington. Report on (E. and C. H. 

Hitchcock, '59). 
At Somerville. Analysis of (Bowen). 
Brie account of (Cook, '71, pp. 55-57. Cred

ner, '70). 
Description of (H. D. Rogers, '40, pp. 147, 

148). 
Description of (H. D. ·Rogers, '36, pp. 166-

170). 
Detailed description of (H. D. Rogers, '40, pp. 

158-165). 
In Hudson county. Reference to (Russell, 

'80, pp. 33, 34, 35). 
Mention of (Cook, '73, pp. 98-99. Cook, '79, 

p. 21. Cook, '81, pp. 39-40. Cook, '82, p. 
53. Cook, '83, pp. 164-166). 

Near New Brunswick (Beck, '39). 
Near Wan;enville (Cook, '74, p. 32). 
Occurrence of (Cook, '68, pp. 218-224, 675-680). 
Reference to early working of (D. S. Martin, 

'88, p. 8). 
Reference to in Raritan clays. Derived from 

theN ewark system (Cook and Smock, '78, 
p. 43). 

Reopening of mines (Cook, '81, pp. 39-40). 
Report on the Hunterdon copper mine (Dicke

son, '59). 

Copper ores iu South Carolina (Lieber, '56, p. 51). 
Origin of (T. S. Hunt, '83a, p. 201. Newberry, 

'73). 
Relation of, to trap (Lyell, '54, p. 33). 
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Coprolites from the Connecticut valley. 'Analyses 
of (S. L. Dana and E. Hitchcock, '45). 

Character of (Lyell, '66, p. 455). 
Discns~ions of (E. Hitchcock, '44a, pp. 308-

314. Warren, '54, p. 46). 

CORNELIUS, ELIAS. 1818. 
On the geology, mineralogy, scenery, and 

curiosities of parts ofVirginia, Tennessee 
and tl;te Alabama and Mississippi Terri· 
tories [etc.]. 

In Am. Jour. Sci., vol. 1. pp. 215--226, 317-331. 
Contains a brief de<>cription of the conglome

rate (breccia) of the Potomac rh'er; also 
a short notice of the general features of 
the Newark areas in Virginia, pp. 216-217. 

Cornwall, P:t. Boundary of the Newark near 
(see Frazer, '82, p. 123). 

Section of, near (H. D. Rogers, '58, vol. 2, pp. 
718-719). 

Sedimentary beds near (d'Invilliers, '86a, pp. 
890--879). 

Trap dikes near (H. D . Rogers, '58, vol. 2, .PP· 
718, 719). 

Trap rocks near (d'Invilliers, '86a, pp. 876-879) . 

Cormvall coal mine, Va. An account of (Gram
mar, '18, p. 127). 

Cornwall ironworks, P:t. Boundary of theN ew
ark near (H. D. Rogers, '58, vol. 2, p. 669). 

Cornwallis, N. S. Manganese at (Gilpin, '85, p. 8). 
Rocks of (Gesner, '36, p. 80). 
Unconformity at base of the Newark in (Daw

son, '78, p. 110). 

Cornwallis valley, N. S. Dip of sandstone in 
(Dawson, '78, p. 91). 

Erosion of (Dawson, '47, p. 56). 

Cornwall mine, Pa. Association of magnetite 
v>ith trap at (Frazer, '80, p. 27). 

Detailed description of (Lesley and d'Invil
liers, '85). 

Iron ore of (H. D . Rogers, '39, p. 22). 

Cormvell, S.C. Magnetic ore near (Tuomey, '48, 
p. 68). 

CORYELL, 1\lillTIN. 1875. 
East Virginia coal :field. 
In Am. Inst. Mining Eng., Trans., vol. 3, pp. 

228--231. 
Gives a list of papers that have been pub

lished on the Richmond coal :field, and also 
a section of coal seams at Carbon hill. 

CORYELL, MARTIN. 1875. 
[Remarks on mining and on natural coke in 

the RichmOIHl coal :field, Virginia.] 
In the Engineering and Mining Journal, vol. 

19, p. 35. 
Discussion of a paper by 0. J. Heim·ich, on 

deep borings with a diamond drill, read 
before the American Institute of Mining 
Engineers, December 26, 1874. States that 
excellent coal in thick seams, exists in tbe 
Richmoml coal :field, Virginia, and also 
that the :field has not been greatly dis
turbed. Describes a vein of natural coke 
or ' ' carbonite'' 5 feet thick on the north 
side of the James. Remarks were also 
made by 0. J. Heinrich and T. S. Hunt. " 

Couch's coal mine, Va. Thickness of coal in (W. 
B. Rogers, '36, p. 53). 

Cove, 1V estfield, Conn. Fossil foot prints at (E. 
Hitchcock, '58, pp. 50 et seq.). 

Fossil fucoid from (E. Hitchcock, '41, p. 450, 
pl.29). 

Report of the discovery of foot prints at (E. 
Hitchcock, '37). 

Coweta, Ga. Brief account of trap dikes in (Hen
derson, '85, p. 88). 

Trap dikes in (Loughridge, '84, p. 279). 
Cox's coal mine, Va. Analysis of coal from (Mac

farlane, '77, p. 515). 
Cox iron mine, P:t. Description of (d'Invilliers, 

'86, p. 1504-1505). 
COZZENS, ISSACHAR. 1843. 

A geological history of Manhattan or New 
York island [etc., etc.] 

New York, pp.1-114, pls.1-9. 
Describes the trap and associated sedimentary 

rocks on the west side of the Hudson, near 
New York city. 

Cranberry point, N. S. Relation of trap, con
glomerate, anu sa11dstone at (Gesner, '43). 

Cranclle's colliery, Va. Analysis of coal from 
(Clifford, '87, p. _lO). 

Crane (U.S. C. S. station) N. of 1\lontclair, N.J. 
Elevation of First•mountain at (Cook, '82, 
p.49). 

Crane's gap, N. J. Boundary of First mountain 
trap near (Cook, '68, p. 181). 

Dip at (Cook, '68, p.195). 
Crapaml, P. E. I. Description of fossil wood 

from (Dawson, '54). 
Silicified wood at (Dawson and Harrington, 

'71, p.16). 
CREATH, A. S. Analysis of limestone from 

Dillsburg, Pa. (Frazer, '76c, p. 63c). 
CREDNER, HERMANN. 1865. 

Geognostische Skizze der Umgegend von New 
York. 

In Zeitsch. Deutsch. geol. Gesell., vol.17, pp. 
388--398, pl. 13. 

Describes diorite dike west of New York, with 
an account of its composition, structure, 
extent, and contact with sandstone on the 
west. 

CREDNER, HERl\IANN. 1865. 
Geognostische Reiseskizzen aus New Bruns

wick in N ordamerika. 
Neues Jahrbuch, 1865, pp. 803-821. 
Describes the rocks of Quaco, New Bruns

wick, referring them to the Permian. 
States that the Triassic and Jurassic 
formations are not known in N_ew Bruns
wick. 

CREDNER, HERltlANN. 1866. 
Geognostische Skizzen a us Virginia, N orda

merika. 
In Zeitsch. Deutsch. geol. Gesell., vol. 18, pp. 

77-85. 
Gi,es a brief description of Clover hill coal 

basin, Virginia. Discuses differences of 
opinion as to the age of the coal and the 
impossibility of correlating with Euro
pean formations. 
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CREDNER, HERMANN. 1870. 
Die Kreide von New Jersey. 
In Zeitsch. Deutsch. geol. Gesell., vol. 22, pp. 

191-251. 
Describes, incidentally, the Newark rocks in 

New Jersey and associated dikes and 
sheets of diorite and melaphyre, pp. 196" 
197. Copper at contact of reel sandstone 
and the eruptive rocks, p. 197. Relation 
of red sandstone to Cretaceous and under
lying gneiss, p. 200. 

CREDNER, HERlliANN. 1871. 
Die Geognosie uncl cler Mineralreichthum des 

.Aileghany Systems. 
In Petermann's Mitth., vol.l7, 1871, pp. 41-50. 
Brief description of extent and character of 

t.l1e Newark system, pp. 44-45. 
Creek Company's coal mine, Va. .Analysis of coal 

from (Clifford, '87, p.10. Macfarlane, '77, 
p. 515. Williams, '83, p. 82). 

Brief account of (Macfarlane, '77, p. 507). 
Character and efficiency of coal from (W. R. 

Johnson, '50, pp. 133-134, and table op. p. 
134). 

Depth of (W. B. Rogers, '43b, p. 534). 
Fossil crustaceans from (Jones, '62, p. 86). 
Notes on (Taylor, '35, p. 284). 
Thickness of coal in (Taylor, '35, p. 282). 
Trial of the coal of, for beating }Jtuposes (W. 

R. Johnson, '44, pp. 349-362). 
CROSBY, W. 0. 1876. 

Report on the geological map of Massachu
setts. 

Boston, pp. 1-52. 
Published under the direction of the Massa

chusetts Commission to the Centennial 
Exposition. 

Contains a b~ief reference to theN ewark sys
tem. The map has not been published. 
The copy exhibited at the Centennial Ex
hibition, I have been informed by Mr. 
Crosby, is now in the State house at Bos
ton. 

Croton, N.J. Dip in indurated shale near (Cook, 
'82, p. 27). 

Trap outcrop near (Cook, '82, p. 6~). 
CroucJt's coal mine, Va. .Analysis of coal from 

(Macfarlane, '77, p. 515. Williams, '83, p. 
82). 

Notes on (Taylor, '35, p. 284). 
Crouc.lt and Snead's coal mine, Va. Trial of the 

coal of, for heating purposes (W. R. John
son, '44, pp. 325,337, 448). 

Crustaceans, fossil. Footprints of (.Agassiz, '58). 
Footprints of, from Connecticut valley (Dana, 

'58a. E. Hitchcock, '58, pp. 48, 147-160, 
pls. 25, 28-31, 49, 50. E. Hitchcock, '65, 
pp. 17-18, pl. 2. Leidy, '58). 

From Newark system. Remarks on (H. D. 
Rogers, '58, vol. 2, p. 695). 

From North Carolina. Brief acconnt of 
(Emmons, '56, p. 323. Emmons. '57, pp. 
38-42. Emmons, '57, p. 134). 

List of (Kerr, '75, p. 147). 
From Pemu;ylvania. Mention of (H. D. 

Rogers, '58, vol. 2, pp. 692-693. Wheatley, 
'61, p. 43. Wheatley, '61a). 

Crustaceans, fossil-Continued. 
From Virginia (W. B. Rogers, '55b). 

List of, after W. B. Rogers (Heinrich, '78, p. 
264). 

Of the Newark system. Brief discussion of 
(W. B. Rogers, '54). 

Crystal lake, N.J. Trap hill near (Cook, '82, p. 
49). 

Culpeper county, Va. Character of conglomerate 
in (W. B. Rogers, '39, }). 72). 

Description of the Newark in (W. B. Rogers, 
'40, pp. 64-69). 

Culpeper court house, Va. Boundaries of the 
Newark near (W. B. Rogers, '40, p. 62). 

Description of cotlglomerate n.t (Fontaine, '79, 
p. 33). 

Detailed description of geology near (W. B. 
Rogers, '40, pp. 66, 67). 

:Fossil crustaceans from (Jones, '62, p. 124). 
Culp's ltill,· Pa. Dolerite from near (Frazer, '76, 

pp. 160-161). 
Specimens of trap from (C. E. Hall, '78, pp. 

24-27). 
Cumberland Newark area, Va. Position and brief 

description of (Fontaine, '83, pp. 4, 6-7). 
Cumberland county, Pa. Description of stony 

ridge in (Gibson, '20). 
Geolo~rical map of (Lesley, '80). 
Report on the geology of (Frazer, '77). 

Cum berland county, Va. Boundaries of theN ew
ark in (W. B. Rogers, '39, pp. 74, 76-77). 

Description of the geology of (W. B. Rogers, 
'39, l)P· 77-81). 

Probability of finding coal in (W. B. Rogers, 
'39, p. 79). 

Section in (W. B. Rogers, '39, p. 80). 
Cunliff's coal mine, Va. Notes on (Taylor, '35, p. 

284). 
Cushetunk mountain, N.J. Description of (Cook, 

'82, pp. 64-65). 
Detailed description of (Darton, '90, pp. 62-65). 
Mention of trap conglomerate near (Nason, 

'90). 
Origin of trap of (Darton, '89, p. 138). 

DADDOW, SAMUEL HARRIS. Cited on Rich
moml coal field (Clifford, '88). 

DADDOW, SAMUEL HARRIS, and BENJAMIN 
BANNAN. 1866. 

Coal, iron, and oil [etc., etc.]. 
Pottsville, Pa. Pp. 1-808, and map. 
Contains an account of the coal fields of east

ern Virginia and of North Carolina, pp. 
393-406. 

Dalla's bri<lge, Va. Boundary of Newark near 
(Heinrich, '78, p. 238). 

DANA, EDWARD.S. 1872. 
On the datholite from Bergen h1ll, New Jersey. 
In .Am . .Jour. Sci., 3dser., vol. 4, pp.l6-22, pl.l. 
.Abstract in Neues Jahrbuch, 1872, pp. 643-

644. 
·DANA, EDWARD S. 1875. 

Trap rocks of the Connecticut valley. 
In .Am . .Assoc . .Adv. Sci., Proc., vol. 23, sec

tion B, pp. 45-47. 
.Abstract in .Am . .Jour. Sci., 3d ser., vol. 8, pp. 

390-392; and in Neues Jahrbuch, 1875, p. 
427. 
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DANA, EDWARD S.-Continued. 
A preliminary microscopic examination of 

trap rock from more than a hundr'"d locali
ties. 

DANA, EDWARD S. 1877. 
On the occurrence of garnets with the trap of 

New Haven, Conn. 
In Am . .Jour. Sci., 3d ser., vol. 14, pp. 215-218. 
Describes the occurrence of garnets in the 

trap of West rock, East rock, and Mill 
rock, Conn. 

DANA, EDWARDS. Cited as to the composition 
of trap rocks (W. M. Davis, '83, p. 284). 

Cited on the optical properties of trap from 
Connecticut (Frazer, '751!). 

Cited on the trap rocks of Connecticut (Hovey, 
'89, pp. 364-368). 

Cited on trap (dolerite) in the Connecticut 
valley (Iddings, '86, p . 331). 

Cited on tufaceous conglomerate' in Massa
chusetts (W. M. Davis, '83, 1). 263). 

DANA, JAlUES D. 184:3. 
On the analogies between the modern igneous 

rocks and the so-called Primary forma
tions, and the metarnorphic changes pro 
duced by heat in associated sedimentary 
deposits. 

In .Am . .Jour. Sci., vol. 45, pp. 1.04-122. 
Uites H. D. Roger& in reference to contact 

metamorphism at Rocky Hill, N . .J., pp. 
113-115. 

DANA, JAMES D. 1845. 
Origin of the constituent and adventitious 

minerals of trap and the allied rocks. 
In .Am . .Jour. Sci., vol. 49, pp. 49-64. 
Published also in Am. Assoc. Geol. and Nat., 

Proc., 6th meeting, pp. 26--28. 
.Abstract inN eues .Jahrbuch, 1847, pp. 218-223. 
Considers the "essential constituents of 

modern plutonic rocks" and "minerals 
occupying cavities and seams in amygda
loidal trap or basalt." 

DANA, JlliES D. 1845a. 
• On~he minerals of trap and the allied rocks. 

In Am. Assoc. Geol. and Nat., Proc., 6th meet
ing, pp. 26--28. 

Published also in .Am . .Jonr. Sci., vol. 49, pp. 
49-64. 

Discusses the origin of adventitious and sec
ondary minerals in trap rocks. 

DANA, JAMES D. 184:7. 
On the origin of continents. 
In .Am. Jour. Sci., 3cl ser., vol. 3, pp. 94-100. 
Brief statement of a hypothesis to the effect 

that the trap dikes of the Newark system 
may be a result of contraction subsequent 
to the Carboniferous, pp. 99-100. 

DANA, JAMES D. . 184:7a. 
Origin of the grand outline features of the 

earth. 
In .Am. Jour. Sci., 2d ser., vol. 3, pp. 381-398. 
The trap ridges of the Connecticut valley are 

referred to as illustrating the view that 
certain grand features of the earth's sur
face have resulted from fissures, pp. 391-
392. 

DANA, .TAlliES D. 1847b. 
[Note on phalangial impressions in fossil foot

prints.) 
See Silliman, Silliman, jr., and Dana, 1847. 

DANA, JAMES D. 184:7c. 
[Note on] Ornithichnites. 
See Silliman and Dana, 1847. 

DANA, [J. D.] 1855. 
[.A note relating to a new fossil plant from the 

Connecticut valley sandstone.) 
In Boston Soc. Nat. Hist., Proc., vol. 5, p. 212. 
Brief reference to a letter relating to the find

ing of a specimen of Clathropteris in the 
sandstone of the Connecticut vllley. 

DANA, J.D. 1856. 
On .American geological history: .Address be

fore the .American .Association for the ad
vancement of Science. .August, 1855. 

In Am. Jour. Sci., 2d ser., vol. 22, pp. 305-334. 
Published also in Am . .Assoc. Adv. Sci., 
Proc., vol. 9, pp.1-36. 

States briefly the leading facts concerning the 
distribution, thicknl!ss, mode of formation, 
and geological position of the Newark 
system, pp. 321-323. A brief abstract is 
also given of the conclusions of previous 
writers in reference to the age of the de
posits in question, footnote p. 322. 

DANA, JAMES D. 1856a. 
Plan of development in the geological history 

of North .America. 
In Am. Assoc. Adv. Sci., Proc., vol. 10, 1857, 

pt. 2, pp. 1-18, and a map op. p. 9. 
Contains a brief reference to the position of 

the eastern continental margin during 
the Newark period, p.ll. 

DANA, JAMES D. 1857. 
Additional remarks [on E. Emmons' geolog

ical report of the midland counties of 
North Carolina]. 

In Ain. Jour. Sci., 2d ser., vol. 24, pp. 429-430. 
Remarks on the determination of the geolog

ical position of the Newark syst'"m. 
DANA, JAMES D. . 1858. 

[Note on a supposed fossil insect from Tur
ner ]'alls, Mass.] 

In Ichnology of New England, by Edward 
Hitchcock, pp. 7--8. 

Gi•es a brief description of a supposed fossil 
insect from the Connecticut valley sand
stone, subsequently named Mo1·molucoides 
articulatus by Hitchcock. 

DANA, JAMES D. 181i8a. 
[Note on supposed crustacean tracks in Con

necticut valley sandstone.] 
In Ichnology of New England, by Edward 

Hitchcock, p. 165. 
An extract from a letter referring to certain 

drawings of footprints, supposed to have 
been made by crustaceans. 

DANA, ,JUlES D. 1859. 
Reply to Prof. Agassiz on Marcou's Geology 

of North America. 
In .Am. Jour. Sci., 2d ser., vol. 27, pp. 137-140. 
Reprinted in "Reply to the criticisms of 

James D. Dana" by Jules Marcou, Zu
rich, 1859, pp. 30-35. 
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DANA, J. D. 1862. 

Fossil larvm in the Connecticut river sand
stone. 

In Am. Jour. Sci., 2d ser., vol. 33, pp. 451-452. 
Quotes the opinion of John Le Conte in refer

ence to the nature of the fossil in question. 

DANA., J. D. 1865. 
[A letter relating to the footprints from the 

Connecticut valley described by Edward 
Hitchcock.] 

in supplement to the Ichnology of New Eng
land, by Edward Hitchcock, pp. 33-34. 

Contains statements in reference to the char
acter of the footprint animals. 

DANA, JAMES D. 1870. 
Excu~sion to the Hanging hills of Meriden 

[Connecticut]. 
In history of Wallingford, Conn. [etc., etc.] , 

by U. H. S. Davis, Meriden, Conn., pp. 
53-56. 

A popular account of the leading ge~logical 
features of the region about Meriden, 
Conn. 

DANA, JAMES D. 1871. 
On the g<•ology of theN ew Haven region, with 

special reference to the origin of some of 
its topographical features. 

In Connecticut Acad. Sci., Trans., vol. 2, :VP· 
45-112, and map. 

Describes the topograpl1y of the region about 
New Haven, Conn. , and discusses briefly 
its relation to pre-Tertiary geology, pp. 
45-47. 

DANA, JAMES D. 187la. 
[Review of "Historical notes on the earth

quakes of New England, 1838-1839, by 
William T.Brigham."] 

In Am. Jour. Sci., 3d ser., vol.1, pp. 304-305. 

Percival's determination of the intrusive 
character of the trap rocks of the Connec
ticut valley upheld. The eruptions were 
in all cases through fissures. An outcrop 
of "scoria'' near Durham, Conn., shown 
to be scoriform sandstone. No eruptions 
since the Mesozoic, p. 305. 

DANA, JAMES D. 187lb. 
[On the presence of albite and orthoclase in 

the Newark sandstone of New Jersey and 
Connecticut.] 

In Am. Jour. Sci., 3d ser., vol. 2, pp. 459-460. 
A notice of a paper by P. Schweitzer relating 

to the mineralogical composition of cer
tain sandstones in New Jersey, in the 
Am. Chemist, July, 1871; see also Am. 
Jour. Sci., 3d ser., vol. 3, p. 57. 

D[ANA,] JAlliES D. 1872. 
[Note on the character of the trap of the Pali

sades, N. J ., and of trap near New Haven, 
Conn.] 

In Am. Jour. Sci., 3d ser., vol. 4, p. 237. 
Review of a paper by Henry Wurtz, on the 

rocks of the Palisades, N. J. Comp:wes 
the trap of the Palisades with similar trap 
in Connecticut. 

DANA, JAMES J). 1873. 
On some results of the earth's contraction 

from cooling, including a discussion of 
the origin of mountains, and the nature 
of the earth's interior. 

In Am. Jour. Sci., 3d ser., vol. 5, pp. 423-433, 
vol. 6, pp. 6-14, 104-115,161-172. 

Refers to the Newark system in illustration 
of vttrious points in the discussion men
tioned, vol. 5, pp. 427, 430-431, 432, 437; 
vol. 6, pp. 8, 9, 106, 108, 114. 

DANA, JAMES D. 1874. 
Text-book of Geology [etc.]. 
New York and Chicago, 12mo., 2d cd., pp. i

vii, 1-358. 
The condensecl account of the Triassic ami 

Jurassic systems contained in this text
book is essentially the same as is given 
in the Manual of Geology by the same 
author, to which references have been 
given in this index. 

DANA, JA])IES D. 1875. 
Manual of Geology. 
New York, rev. eel., pp. i-xvi, 1-828, plate 

and map. 
1st eel. Philadelphia, 1869, pp. i-xvi, 1-800, 

plate and map. 
Contains a condensed summary of observa

tions concerning the Newark system. 

DANA, JAMES D.. 1875a. 
On southern New England during the melt

ing of the great glacier. 
In Am. Jour. Sci., 3d ser., vol. 10, pp. 168-

183, 280-283, 353-357, 409-438, 497-508. 
Contains a brief statement in reference to the 

main topographic features of the Newark 
sandstone and trap in the vicinity of New 
Haven, Conn., pp. 170-171. Considers 
that tbe Connecticut valley was an 
estuary during the Newark period, p. 
497. Describes the general togography of 
the valley, and origin of the trap ridge, 
character of drainage, etc., pp. 497-502. 

D[ANA], J[AMES] D. 1878. 
On "indurated bitumen" in cavities in the 

trap of the Connecticut valley. From 
the report on the geology of Connecticut 
by Dr. J. G. Percival. 

In Am. Jour. Sci., 3d ser., vol. 16, pp.l30-132. 
Presents several extracts from the report 

mention ell in reference to tho occurrence 
of a solid hydrocarbon in the eruptive 
rocks of Connecticut. 

[DANA], J. D. 1879. 
[Review of] the physical history of the Tri

assic formation of New Jersey and the 
Connecticut valley by I. C. Russell. 

In Am. Jour. Sci., 3d ser., vol. 17, pp. 328-
330. 

Reviews the hypotheses proposed in the 
paper referred to and advances arguments 
which oppose them. 

DANA, JAMES D. 1880,1881. 
On the geological relations of the limestone 

belts of Westchester county, New York. 
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DANA, JAlUES D.-Continued. _ 
In Am. Jour. Sci., 3d ser., vol. 20, pp. 21-32, 

194--220, 359-375, 450-456; YOL 21, pp. 425-
443; vol. 22, pp. 103-119, 313-315, 327-435. 

Contains a map of Stony Point, N. Y., 
showing approximate junction of Newark 
system and the Cortland series, and also 
;>,note in reference to tbe beds beneath 
the Newark conglomerate at the same 
locality, vol. 22, pp. 112,113. 

D[ANA], J[AlUES] D. 1881. 
[Review of a paper by G. W. Hawes, on 

Doleryte (trap) of the Newark system.] 
In Am. Jour. Sci., 3d ser., vol. 22, pp. 230-

233. 
Discusses the chemical and mineralogical 

composition of trap rocks from New J er
sey and the Connecticut valley. 

D[ANA], J[AMES] D. 1883. 
The origin of the Jura-Trias of eastern North 

America. 
In Am. Jour. Sci., 3d ser., vol. 25, pp. 383-

386. 
Notices briefly cert::tin conclusions in refer

once to the former extent of the Newark 
system, published in the annual report of 
the state geologist of New Jersey for 
1882, ancl presents a number of observa
tions and theoretical considerations, with 
the view of showing that the rocks re
ferred to were formed in various detached 
areas, at the mouths of rivers which were 
flooded owing to the prevalence of a cold 
climate similar to that which prevaled 
over the same region during the Pleisto
cene glacial epoch. 

DANA, J[lliES] D. 1889. 
Areas of continental progress in North 

America, aml the influence of the condi
tions of these areas on the work carried 
forward within them. 

In Geol. Soc. Am., Bull., vol. 1, pp. 36--48. 
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cock, '58, p. 4). 

Dean's, N. J. Trap outcrops at (Cook, '82, pp. 
59-60). 

Dean's Pond, N. J. Boundar~ of Newark at 
(Cook, '68, p. 176). 

Section from, to Bloomsburg, N . .J. (Cook, '68, 
p. 199, and map in portfolio). 

Trap boundary at (Cook, '68, p. 189). 
Trap hills near (Cook, '68, pp. 189-190). 

Debert river, N. S. Coal measures at, overlain 
by New Red sandstone (Gesner, '43). 

Description of (Dawson, '78, pp. 99-100). 
Dip of the Newark near (Ells, '85, p. 43E). 
Section at (Dawson, '47, p. 51, pl. 5). 

Deep river, N. C., and Richmond, Va., coal fields. 
Compared (Emmons, '5o, pp. 338-342). 

Deep river coal field, N. C. Age of, as indicated 
by fossil fishes (Agassiz, '53). 
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Deep river coal field, N. C.-Continued. 
.Analyses of coal from (W. R . .Johnson, '51a. 

Kerr, '75, pp. 293-295). 
.Account of (.J.D. Dana, '75, p. 406. Emmons, 

'52, pp. 116-143). 
.Account of, with analysis (Chance, '84). 
.Account of the coal of (Patton, '88, p. 25). 
Brief account of (Daddow and Bannan, '66, 

pp. 40,t_406. Emmons, '57, p. 4. C. H. 
Hitchcock, '74. .Jackson, '53. Kerr, '66, 
pp. 45-46. Kerr, '75, p. 141. LeConte, 
'82, pp. 457-459. Lyell, '54, p. 12. Lyell, 
'66, p. 457. McGehee, '83, pp. 75-77. W. 
B. Rogers, '53). 

Coal from, character and efficiency of (W. R. 
.Johnson, '50, pp. 133-134, and table op. p 
~~- . 

Coal of (Kerr, '75, pp. 142--143). 
Coal, discovery of (Ohnstead, '20). 
Commercial value and quality of coal from 

(Chance, '85, 'pp. 50-56). 
Description of (W. R . .Johnson, '50, pp. 161-

166). 
Detailed description of (Emmons, '56, pp. 

227-256). 
Economic importance, extent, age, etc. (Mac

farlane, '77, pp. 518-526). 
Explorations for coal in (Chance, '85, pp. 25-

50). 
Fossils of (Kerr, '75, p. 147). 
Influence of trap on coal in the (Wilkes, '58, 

p. 7). 
Iron ore of (Willis, '86, p. 306). 
Map of (Emmons, '56,'pp. 338-342). 
Map of, after Wilkes and Emmons (Chance, 

'85). 
Method of development of (Chance, '85, pp. 

60-62). 
Observations in (McLenahan, '52). 
Obstruction to successful mining in (Chance, 

'85, pp. 58-60). 
Report on (W. R . .Johnson, '51. Ohnstead, 

'24. Wilkes, '58). 
Report on, detailed (Chance, '85). 
Sandstone of (Kerr, '75, p. 304). 
Search for coal in (.Jackson, '56a). 
Section at Egypt (Kerr, '75, p. 242). 
Section in, general (.Jones, '62, pp. 89-90). 
Section showing age of (Emmons, '56, p. 273). 
Statistical account of (.Anonymous, '69, p. 

104). 
Thickness of (Kerr, '75, p. 145). 
Workable area of (Chance, '85, pp. 56-58). 

Deep river coal field, Va. .Account of (Macfar
lane, '77, p. 505). 

Brief statement of the geology of (Chance, 
'85, pp. 19-22). 

History of the commercial development of 
(Chance, '85, pp. 23-24.) 

Deep run, Va. .Analysis of coal from (Clifford, 
'87, p.10. De La Beche, '48, p. lxv. Mac
farlane, '77, p. 515. Williams, '83, p. 82). 

Condition of coal mines at (Clifford, '87, p. 2). 
Description of (Wooldridge, '42, p. 13). 
l!'ossil crustaceans from (.Jones, '62, p. 86). 
Fossil plants from (Fontaine, '83, p. 4). 

Deep run, Va.-Continued . 
Map anu section of (Clifford, '87, pl. 5). 
Notes on (Taylor, '35, pp. 284-292) . 
Note on faults in (Taylor, '35, p. 292.) 
Reference to (W. B. Rogers, '40, p. 72) . 
Section of (Clifford, '87, pp. 24-25, pl. 5) . 
Trial of the coal of, for heating purposes ( W. 

R. .Johnson, '44, pp. 309-324, 448). 
Deerfield, 1\Iass. .Amygdaloid trap in (E. Hitch

cock, '23, vol. 6, pp. 52-54). 
Brief account. of geology of (E. Hitchcock, 

'18, pp. 105, 108). 
Building stone quarried i11 (E. Hitchcock, 'Jl, 

p.180). 
Columnar trap in (E. Hitchcock, '35, p. 402). 
Conglomerate in (E. HHchcock, '35, p. 214) . 
Conglomerate near, note on (Nash, '27, p. 247). 
Conglomerate with graphic granite at (E. 

Hitchcock, '41, p. 441). 
Description of footprints from (E. Hitehcock, 

'36, pp. 320-325). 
Description of fossil footprints from (E. 

Hitchcock. '58). 
Dip at (E. Hitchcock, '35, p. 223). 
Dip and strike of rocks in (E. Hitchcoek, '41, 

p. 448). 
Early discovery of fossil footprints at (E. 

Hitchcock, '36, p. 308). 
Fossil fishes found at (E. Hitchcock, '35, p. 

238, }Jl. 14 in atlas). 
Fossil fishes from, account of (E. Hitchcock, 

'41, 'p. 458). 
Fossil :fishes from, remarks on (Harlan, '34, 

pp. 92-94). 
Fossil :fish, reference to a locality for (.J. H. 

Redfield, '36). 
Fossil plants at, notice of (E. Hitchcock, '35, 

p. 235). 
Fossil plants from (E. Hitchcock, '41, p. 456). 
General description of trap ridges near (E. 

Hitchcock, '41, p. 648). 
Grindstones quarried in (E. Hitchcock, '41, p. 

213). 
Gypsum at (E. Hitchcock, '35. pp. 54, 213). 
Localities of fossil footprints in (E. Hitch-

cock, '41, p. 467). · 
Locality of fossil footprints in (E. Hitchcock, 

'43a, p. 262). 
Occurrence of minerals at (Silliman, '18a). 
Trap near, brief account of (E. Hitchcock, 

'23, pp. 46-48). 
Trap near. remark on (E. Hitchcock, '23, vol. 

6, p. 60). 
Trap range near, discussion of the geological 

structure of (W. M. Davis, '86). 
Trap ridges near, account of (E. Hitchcock, 

'35, p. 409). 
Deerfield dike, 1\lass. Description of (Emerson, 

'82). 
Mineralogy of (Emerson, '82). 

Deerfield mountain, Mass. Character of rock at 
(E. Hitchcock, '41, p. 447). 

Description of (E. Hitchcock, '41, p. 248). 
Description of geology of (W. M. Davis, '83, 

p. 259). 
Description of scenery near (E. Hitchcock, 

'23, vol. 7, p. 10), 
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Deerfielll mountain, }!Rss.-Continued. 

Dip at (E. Hitchcock, '35, p. 223). 
Dip aml strike of rocks at" (E. Hitchcock, '41, 

p. 448). 
Formed by an overflow trap sheet (W. _M. 

Davis, '88, p. 464). 
Structure of (W. M. Davis, '88). 
Thickness of N~ark system at (E. llitclJ

cock, '35, pp. 224-225). 
Trap -.-ock of, account of (E. Hitchcock, '41, 

pp. 641-643). 
DE KAY, JAlUES E. 1842. 

[A list of the fossil fishes of the United 
States.] 

In Nat. Rist. N.Y., part 1, Zoology, pp. 385-
386. 

Includes a list, with localities, of fossil fishes 
from the Newark rocks of New .Jersey 
and Connecticut valley. 

DE KAY, [L.]. Cited on fossil fish from Connect
icut (J. H. Redfield, '36). 

Cited on the early discovery of fossil fishes in 
the Newark system (Newberry, '88, 11. 19). 

DE LA BECHE, HENRY T. 1848. 
Anniversary address (before the Geological 

Society of London). 
In London Geol. Soc. Quart.· Jour., vol. 4, I>P· 

xxi-cxx. 
Contains a digest of the observations of C. 

Lyell and C . .T. F. Bunbury in the Rich
mond area, pp. xxx, xxxi, xlvi, xlviii, 
lxiv-lxvii. 

DE LA BECHE. Cited on fossil plants from 
Massachusetts (E. Hitchcock, '35, p. 235). 

Delanys quarry, Mass. Contact of sandstone 
and trap at (W. M. Davis, '83, p. 262). 

Delaware river, N. J. Sandstone quarries near 
(Shaler, '84, p. 143). 

Dennis bridge, N. C. Section near (W. R . .John
sou, '51, p. 5). 

Derby, Conn. Description of trap <likes in Pri
mary rocks near (Percival, '42, pp. 416-
417). 

DESOR, [E.]. 1849. 
[Comparison of a recent footmark with cer

tain footmarks in the red sandstone of the 
Connecticut valley.] 

In Boston Soc. Nat. Hist., Proc., vol. 3, p. 202. 
The impressions left on sancl by the tarsal 

bone of certain birds, as well as the im
print made in some instances by the hind 
toe and the furrows made by the dragging 
of the toes, are briefly described and com
pared with what are considered similar 
impressions on sandstone. 

DESOR, [E.]. 1851. 
[Remarks on fossil raindrop impressions and 

on similar markings produced by air bub
bles in sanu.] 

In Am. Assoc. Adv. Sci., Proc., vol. 5, p. 74. 
Suggests that many so-called raindrop im

pression-s may have been produced by the 
escape of air bubbles from wet sancl. 

DESOR, [E.]. 1851. 
[Raindrop impressions and markings made by 

air bubbles.l 

DESOR, [E.]-Continuecl. 
In Am. Assoc. _Adv. Sci., Proc., vol. 5, p. 79. 
Discussion of a paper by W. C. Redfield. 

DESOR, [E.]. 1851a. 
[Concerning fossil raindrop impressions.] 
In Boston Soc. Nat. Hist., Proc., vol. 4, pp. 

131-132. 
.Admits the possibility of the occurrence of 

rainmarks in some formations, but con
tends that the bursting of bubbles in the 
sancl and mu<l of a shore woulll account 
for such impressions as are supvosed to 
have been made by raindrops in the Con-

- necticut Yallcy sandstone. 
DESOR, [E.], and [J.D.] WHITNEY. 1849. 

[Observations on the probable orig-in of the 
so-called foflsil raindrop impressions on 
sandstones.] 

In Boston Soc. Nat. Hist., Proc., vol. 3, pp. 
200-201. 

The formation of depressions resembling rain
drop impressions, by the breaking of air 
bubbles in sand, is described and the 
similarity of such marks to fossilraimlrop 
impressions pointed out. 

Des Sables, P. E. I. Description of fossil wood 
from (Dawson, '54). . 

Devils bridge, Va. Boundary of Newark area 
near (Heinrich, '78, p. 231). 

Devils deu, Pa. Analysis of trap from (Frazer, 
'77,·p. 310). 

Picture of (Frazer, '80, pl. 9). 
Specimens of trap from (C. E. Hall, '78, p. 27). 

Devon Inn, Pa. Trap dike near (Lewis, '35, p. 444). 
Diabase. See Trap. 
DICKESON, }IONTROVULE WUSON. 1859. 

Report on the geological survey and condition 
of the Hunterdon Copper Company's prop
erty, Hunterdon County, New .Jersey. 
Accompanied by a report by E. and C. H. 
Hitchcock. 

Philadelphia, pp.l-23. 
Contains a record of dips, interstratified tra1) 

and shale, character of ore, etc., pp. 5, 8, 
10. Accompanying this report is a brief 
report, p. 20, on the same mine by E. and 
C. H. Hitchcock. 

DIGBY, N. S. Iron ore near (.Jackson and Alger, 
'33, pp. 235-236). 

Iron ores near, note on (Alger, '27, p. 231). 
Rock near (.Jackson and Alger, '33, pp. 235-

238). 
Trap dikes near (Dawson, '78, p. 95). 

Digby gut, N. S. Description of (Gesner, '36, pp. 
185-187). 

Erosion resulting from (Russell, '78, p. 221). 
Mode of formation (Gesner, '36, p_p. 186-187). 
Sandstone beneath trap at (Dawson, '78, p. 95). 
Submerged ledges near (Perley, '52, p.159). 
Specific gravity of trap rocks from (How, '75, 

vol.l, p. 138). 
(See Annapolis gut.) 

Digby neck, N. S. Amygdaloid beneath trap at 
(Gesner, '36, p.175). 

Description of (Dawson, '78, pp. 95-96. Ges· 
ner, '36, p.175). 



188 THE NEWARK SYSTEM. [l!ULL.8S. 

Digby neck, N. S.-Continued. 
Iron ore in trap at (Alger, '27, pp. 229-330). 
Rocks near (Gesner, '36, pp. 71-72, 74). 
Sandstone beneath trap at (Dawson, '78, p. 98). 

D(EWEY], C. 1857. 
[Review of the geological report of the Mid

land counties of North Carolina, by E. 
Emmons, accompanied by a letter on the 
age of the coal-bearing strata of North 
Carolina, by 0. Heer.] 

In Am . .Jour. Sci., 2cl ser., vol. 24, pp. 427-429. 
Gives a brief review of Emmom;'s report, and 

publishes extended extracts from a letter 
by 0. Heer on the fossil plants of the 
Newark system, in which the age of the 
system is critically considered. This let
ter is published in part also in ,J. Marcou's 
geology of North America, Zurich, 1858. 

Following the review are "Additional re
marks" by .J.D. Dana. 

Dikes changing to intruded sheets in Connecticut 
(Percival, '42, p. 300). 

General account of (.J. D. Dana, '73, vol. 6, pl. 
106 . .J.D. Dana, '75, p. 421. .Jackson, '56). 

In Alabama, reference to (E. A. Smith, '78, pp. 
139, 142). 

In Connecticut, mention of (Percival, '42, p. 
307). 

In Connecticut valley, brief account of (W. 
M. Davis, '88, p. 463). 

Discussion concerning (Whelpley, '45, p. 63). 
Mention of (.J.D. Dana, '75a, p. 498) .• 
Near Deerfield, Mass. (Emerson, '82). 
East Haven, Conn. (W. M. Davis, '83, pp. 305-

307, pl.lO). 
Holyoke, Mass. (Emerson, '82). 
Meriden, Conn. (.J.D. Dana, '70). 
Meriden, Conn. (W. M. Davis, '89, p. 62). 
New Haven, Conn. (.J.D. Dana, '71. pp. 46-47). 
New Haven, Conn. (Danbury, '39, pp. 22, 23). 
New Haven, Conn. (W. M. Davis, '83, pp. 305-

307, pl.10) . . 
Wallingford, Conn. (Chapin, '35). 
Section showing the supposed character of (W. 

M. Davis, '86, p. 350). 
In Massachusetts, brief account of (E. Hitch

cock, '35, pp. 414-418). 
In New .Jersey (Darton, '89, pp. 138-139). 
In North Carolina, brief notice of (Mitchell, 

'42, p. 39). 
Deep river area (Chance, '85, p. 59). 
In Pennsylvania, connection with faults (Les

ley, '83,·p.181). 
Frequency of (Lesley,83, p.181). 
In Vermont, brief account of (Adams, '46, pp. 

160-162). 
In Virginia, detailed account of (W. B. Rogers, 

'39, pp. 81-83. W. B. Rogers, '40, pp. 64-69). 
In Richmond area (Stevens, '73). 
Near Staunton, description of (Darton and 

Diller, '90). 
Near Warren, metamorphism produced by 

(W. B. Rogers, '39, pp. 82-83). 
Strike of (W. B. Rogers, '39, p. 82). 
Of Connecticut, topographic form of (Perci-

val, '42, p. 300). . 

Dikes-Continued. 
Of greenstone (t,rap) in Connecticut, an ac

count of (E.Hitchcock, '41, pp. 655-656). 
Of indurated clay in Connecticut (Percival, 

'42, p. 443. A. Smith, '32, pp. 225-226). 
Of trap in Connecticut valley, relation of, to 

other trap systems (.Jackson, '45). 
Of trap in Connecticut,•detailed description 

of (Percival, '42, pp. 299-426). 
Of trap in Connecticut (southern), description 

of (Hovey, '89). 
Of trap in l)eep river, N. C., coalfield, changes 

produced by (Emmons, '56, p. 254). 
In Georgia, brief account of (Henderson, '85, 

p. 88. T. P . .James, '76. p. 38 and map). 
In Georgia (Loughridge, '84, p. 279). 
InN ew Hampshire, probable age of (Hubbard, 

'50, p.170). 
In NewJersey(Cook, '68,p.204. Darton, '90). 
In New York (Darton, '89, '90). 
Brief account of (Emmons, '84, pp. 16-17). 
Brief account of, in Rockland county (Linck-

laen, '61, p. 35. Mather, '39, pp.117,122). 
In North Carolina, brief account of (Hender

son, '85, p. 88). 
In Nova Scotia, brief account of (Marsters, 

'90). 
Mention of (Honeyman, '85, p.123). 
In Pennsylvania, at Cornwall, an account of 

(Invilliers, '86a, pp. 876-879). 
At Flourtown (C. E. Hall, '81, p. 75). 
At Marble Hall (C. E. Hall, '81, p. 75). 
At New Hope, mention of (H. D. Rogers, 48). 
At Williamson Point, a study of the chem-

ical and optical character of (Frazer, '78). 
In Lancaster county, general remarks on 

(Frazer, '80, p. 27-31). 
In Pennsylvania, mention of (Lesley, '83, p. 

211). 
In York county, brief account of (Frazer, '85, 

p.404). 
In South Carolina (Henderson, '85, p. 88). 
Description of (Tuomey, '44). 
On Prince Edward island (Chapman, '76, p. 92). 

Diligence river, N. S. Rocks of (Jackson and 
Alger, '33, p. 279). 

DILLER, J. S. 1890. 
Notes on the petrography [of basaltic dikes 

near Staunton, Va.]. 
See Darton and Diller, 1890. 

Dillsburg, Pa. Analysis of iron ore from near 
(Frazer, '77, pp. 232-237). 

Analysis of limestone from (Frazer, '76c, p. 
63. Frazer, '77, p. 308. McCreath, '81, 
pp. 79-80). 

Boundary of the Newark near (Frazer, '82, 
p. 123). 

Conglomerate near (H. D. Rogers, '58, vol. 1, 
p. 204. H. D. Rogers, '58, vol. 2, p. 683). 

Contact metamorphism near (H. D. Rogers, 
'58, YOL 2, p. 689). 

Iron ore mines near, description of (d'Invil
Iicrs, '86, pp. 1501-1514). 

Iron ores and trap dikes near, discussion con
cerning (Frazer, '77, pp. 317-371, pl. op. p. 
328). 
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Dillsburg, Pa.-Continued. 
Iron ores near (Frazer, '82, pp. 135-139). 
Iron ores near, a study of the (Frazer, '76d). 
Iron ores near, references to (Lesley and d'In-

villiers, '85, p. 599). 
Junction of the Newark and the valley lime

stone (H. D. Rogers, '58, vol.1, p. 204). 
Reports on mines near (Frazer, '77, pp. 207-

240). 
Rock specimens from near, mention of (C. E. 

Hall, '78, p. ~8-70). 
Section from, to Beller crossroads (Frazer, 

'77, pp. 265-273, pl. op. p. 264). 
Trap, association of magnetite with, at 

(Frazer, '80, p. 27). 
Trap dike near (H. D. Rogers, '58, v. 2, p. 689). 
Trap dikes at (Lesley, '83, p. 194). 
Trap dikes near (Frazer, '77, p. 267). 
Trap from near (C. E. Hall, '78, p. 24. Fra

zer, '76, pp. 160-161). 
Trap from, optical properties of (Frazer, '75a, 

pp. 410-412. Frazer, '76, pp. 126-129). 

DINKEL, J. Reference to drawings of fossil 
fishes by (Newberry, '88, p. 20). 

D'lnvilliers. See Invilliers. 
Dip iu Connecticut. (J.D. Dana, '73, p. 431. W. 

M. Davis, '82. W. M. Davis, '83. Perci
val, '42). 

Brief account of (E. Hitchcock, '35, p. 224). 
Influence of dikes on (Percival, '42, p. 320). 
Measurements of (Hovey, '89). 
Near Bristol copper mine (Silliman and Whit

ney, '55, p. 264). 
Gaylord's mountain (Davis and Whittle, '89, 

p.116). 
Hatfield (E. Hitchcock, '23, vol. 6, p. 42. A. 

Smith, '32, p. 221). · 
Meriden (W. M. Davis, '89, p. 62). 
Montague falls (H. Smith, '32, p. 221). 
Mount Carmel (Davis ancl Whittle, '89, p. 127). 
Pond rock, (Hovey, '89, p. 364). 
Rocky hill (Silliman, '30, pp. 122-131). 
Shuttle meadows (W. M. Da·ds, '89, p. 64). 
South Britain (Percival, '42, p. 450). 
Springfield (Wells, '50, p. 340). 
See also, Connecticut valley. 

Dip in Connecticut valley. (W. M. Davis, '88, 
pp. 481-490. E. Hitchcock, '23, vol. 6, p. 

,. 42. E. Hitchcock, '23, vol. 6, p. 65. E. 
Hitchcock, '36, p. 329. E. Hitchcock, 
'47a, p. 200. E. Hitchcock, '48, p. 132. E. 
Hitchcock, '53. E. Hitchcock, '58, p. 8. 
E. Hitchcock, '58, p. 10. Lyell, '42. A. 
Smith, '32, p. 221). 

Beneath trap (E. Hitchcock, '58) . 
Brief statement concerning (Percival, '42, Jlp. 

430-431). 
Origin of (W. M. Davis, '82a, pp. 123-124. E. 

Hitchcock, '35, p. 513. E. Hitchcock, '41, 
pp. 527-529. E. Hitchcock, '53. E. 
Hitchcock, '58, p. 13. E. Hitchcock, '58, 
p. 14-17. E. Hitchcock, '63. Sillin.tan, 
jr., '42. Silliman, jr., '42a. Silliman, ,jr., 
'44. A. Smith, '32, pp. 223-224. Whelp
ley, '45, pp. 61-62. Whitney, '60). 

See also, Connecticut and Massachusetts. 

Dill in lll:tryland. Near Yellow spring (Ducatel, 
'37, p. 36). 

Dip in lUassaclmsetts. (E. Hitchcock, '36, p. 312. 
E. Hitchcock, '55, p. 226). 

Account of, detailed (E. Hitchcock; '35, pp. 
222, 223. E. Hitchcock, '41, pp. 447, 448). 

At Cabotsville (Lyell, '42, p. 794). 
Greenfield (E. Emmons, '57, p. 22). 
Horse race (E. Hitchcock, '36, p. 312. E. 

1 Hitchcock, '41, p. 465). 
Mount Toby (Walling, '78). 
:Mount Holyoke (E. Hitchcock, '35, p. 417. E. 

Hitchcock, '41, p. 654). 
Mount Tom (E. Hitchcock, '35, p. 417. E. 

Hitchcock, '36, p. 308. E. Hitchcock, '41, 
pp. 466, 654. E. Hitchcock, jr., '55, p. 23). 

Smiths ferry (Lyell, '42, p. 796). 
Turner's Falls (E. Hitchcock, '35, p. 415. E. 

Hitchcock, '36, p. 308. E. Hitchcock, '41, 
pp. 653,658. E. Hitchcock, '58, p. 85). 

Dip in Newark system. (J. D. Dana, '75, p. 419. 
Kerr, '75a. Newberry, '88, p. 5. H. D. 
Rogers, '58, vol. 2, p. 761. Russell, '78, p. 
229). 

Discussion of (H. D. Rogers, '56, p. 32). 
Hypothesis to aecount for (Cook, '82, pp. 30, 

31). 
Resume concerning (Frazer, '82, p. 171). 
Various authors cited on (W. M. Davis, '8:'1, 

pp. 302-307). 
Dip in New Brunswick (Bailey, '72, pp. 217-220. 

Gesner, '40, pp. 16, l9. Gesner, '41, p. 14. 
Russell, '78, p. 221). 

At Cape Tormentin (Dawson, '78, p. 124). 
Dark harbor (Bailey, '72, p. 47). 
Gardners creek (Mathew, '63, p. 256). 
Grand Manan island (Bailey, '72, pp. 4:5-47. 

Verril, '78). 
Quaco heacl (Dawson, '78, p. 108. Emmons, 

'36, p. 344. Whittle, '91. 
Salisbury cove (Dawson, '78, p. 109. Mat

thew, '65, p. 124). 
Dip in New Jersey (Cook, '68. Cook, '79, p. 32. 

Cook, '82, pp. 37-42. Cook, '87. Cook 
and Smock, '78, p. 24. Darton, '90. Fra
zer, '82, ll· 122. Lyell, '42, p. 793. Nason, 
'89, pp. 17-19. H. D. Rogers, '36, pp. 145, 
158. H. D. Rogers, '40, pp. 114, 121, 129. 
Russell, '78, p. 225. Russell, '80, p. 46. 
Wailing, '78, p. 196). 

Arlington (Russell, '78, p. 223). 
Belleville (Cook, '81, p. 44). 
Belleville (Cook, '81, p. 44). 
Blackwells mills (Cook, '68, p. 204). 
Boundbrook (H. D. Roger-s, '40, p. 128). 
Bridgewater mine (Cook, '81, p. 39). 
Brookville (Cook, '81, p. 59). 
Chatham (H. ll. Rogers, '40, p. 133). 
Closter landing (Cook, '68, p. 200). 
Days point (Russell, '80, p. 47). 
East Bloomfield (H. D. Rogers, '40, p. 130). 
Englewood (W. M. Davis, '83, p. 269). 
First mountain (Cook, '82, p. 50). 
Greensburg (Cook, '81, pp. 57-58). 
Hopewell (Cook, '68, p. 709). 
Hudson river (Russell, '80, p. 47). 
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Dip in New Jersey-Continued. 
Hunterdon mine (Dickeson, '59, pp. 8, 10). 
.Jefferson (H. D. Rogers, '40, pp. 129-130). 
Kings point (Darton, '83a). 
Little Falls (Cook, '81, p. 50. H. D. Rogers, 

'40, p. 131). 
Long hill (H. D. Rogers, '40, p. 132). 
Milford (Cook, '68, p. 521. Cook, '81, p. 64. 

H. D. Rogers, '36, p. 147. H. D. Rogers. 
'40, p. 140. Shaler, '84, p. 144). 

Newark (Cook, '81, p. 48. H. D. Rogers, '40, 
p. 130. Russell, '78, p. 224). 

New Brunswick (H. D. Rogers, '40, p. 128. 
Russell, '78). 

New Durham (Darton, '83). 
N(}w Germantown (H. D. Rogers, '36, p. 148. 

H. D. Rogers, '40, pp. 132, 137, 139-140). 
New Vernon (H. D. Rogers, '40, p. 133). 
Orange (Cook, '81, p. 51). 
Paterson (Cook, '81, p. 51. H. D. Rogers, '40, 

p.130). 
Palisades (Darton, '90, pp. 39-41. H. D. Rog· 

ers, '36, p. 160). 
Plainfield (Cook, '68, p. 677). 
Pluckemin (H. D. Rogers, '40, p. 128). 
Pompton (H. D. Rogers, '40, p. 136). 
Prallsville (Cook, 'IU, p. 59). 
Raritan (Cook, '83, p. 26). 
Rocky hill (H. D. Rogers, '40, p. 150). 
RoundvaJ.ley mountain (H. D. Rogers, '40, p. 

132). 
Scotch plains (H. D. Rogers, '40, p. 134). 
Snake hill (Russell, '88, p. 34). 
Sourland mountain (Cook, '68, p. 191). 
Spring hill (H. D. Rogers, '40, p. 140). 
Stockton (Cook, '81, p. 59). 
Trenton (H. D. Rogers, '40, p. 120). 
Vienna (Cook, '81, p. 53). 
Washington valley (Cook, '81, p. 53). 
Weehawken (Gratacap, '86, pp. 244-245). 
West Bloomfield (H. D. Rogers, '40, p. 130). 
Woodsville (Shaler, '84, p. 144). 
Origin of (Cook, '79, p. 33. .J. D. Dana, '79. 

W. M. Davis, '82. W. M. Davis, '82a. 
H. D. Rogers, '40, pp. 166--171. Russell, 
'78, p. 229. Wurtz, '70, p. 102). 

Table of (Cook, '68, p. 195-199. Cook, '79, pp. 
29, 30. Cook, '82, pp. 22--36). 

Dip in New lork (Darton, '90). 
Grassy point (Mather. '39, p. 116. Mather, 

'43, p. 285). 
Palisade trap sheet (Darton, '90, pp. 39-41). 
Rockland Co. (Mather, '43, pp. 616-617). 
Staten island (Britton, '81, pp.168--169). 

Dip in North Carolina (Kerr, '75, pp. 141, 142, 145. 
W. B. Rogers, '42. Russell, '78, pp. 225, 
253). 

Dan river area (Emmons, '52, pp. 145-150, 151. 
Emmons, '56, p. 255. Macfarlane, '77, p. 
527. Olmsted, '27, p.127). 

Deep river area (Emmons, '52, p. 120. Em· 
mons, '56, p. 231- Emmons, '57, p. 22. W. 
R . .Johnson, '50, p. 162. W. R . .Johnson, 
'51, pp. 6-7. Macfarlane, '77, p. 518). 

Farmville (Chance, '84, p. 518). 
Germanton (McLenahan, '52, p.170) 

Dip in North Carolina-Continued_. 
Haywood (McLenahan, '52, p. 168. Kerr, '711, 

p. 225) . 
Leaksville (Emmons, '56, p. 257. McGehee, 

'83, p. 77). 
Madison (Emmons, '52, p.151). 
Montgomery Co. (McLenahan, '52, p.171). 
·walnut grove (Williams, '85, p.59). 

Dip in Nova Scotia. - Bay of Fundy (Russell, '78, 
p. 221). 

Blomidon (Dawson, '47, pp. 50, 55, 56. Dawson, 
"78, pp. 90, 91. Gesner, '36, p. 222. Jack· 
son and Alger, '33, p. 256. Marsten, '90) 

Cape D'Or (Gesner, '36, p. 233). 
Debert river (Ells, '85, p. 43e). 
Digby (Dawson, '78, p. 95). 
Economy point (Dawson, '78, p. 101). 
Folly river (Dawson, '78, p.100). 
Horton (Dawson, '47, p. 50). 
Kentville, (Dawson, '47, p. 56). 
Moore river (Dawson, '78, p.103). 
Oak island (Dawson, '78, p. 92). 
Outer Samly cove (.Jackson and Alger, '33, 

pp. 229-231). 
Patridge island (Dawson, '47, p. 54). 
Swan creek (Dawson, '78, p.104). 
Saint Mary's bay (Alger, '27, p. 228). 
Truro (Dawson, '47, p. 51. Dawson, '78, pp. 

88, 89). 

Dip in Pennsylvania (Frazer, '77c, p. 654. Frazer, 
'82, pp. 122,124-127. Frazer, '83, p . 219. 
Lesley, '64, pp. 478--480. Lesley, '83, pp. 
180, 181, 182. Lewis, '82. Lewis, '85, p. 
451. Macfarlane, '179, p. 41. H. D. Rogers, 
'58, vol. 2, pp. 670, 674. Shaler, '84, p. 156). 

Abbottstown (]'razer, '76, p.101). 
Adams co"Iinty (Frazer, '77, pp. 265--273, pl. 

op. p. 264. H. D. Rog€"rs, '58, vol. 2, p. 691). 
Bainbridge (Frazer, '86, p.104). 
Beeler's crossroads (Frazer, '76, p. 92). 
Berks county (cl'Invilliers, '83, pp. 200, 201, 

204-226). 
Bonnaughton (Frazer, '77b, Frazer, '80, p. 3'00). 
Bucks county tC. E. Hall, '81, p. 49. Lesley, 

'85, p. xxviii). 
Cashtown (Frazer, '77, p. 303). 
Center valley (C. E. Hall, '83, pp. 232, 233). 
Cocalico '(Frazer, '80, p. 43). 
·Coopersburg (H. D. Rogers, '58, vol. 1, p. 101) 
Chester county (Frazer, '83, p. 224. Lesley,· 

'83, pp. 180, 182. 
Cornwall inn mine (Lesley and d'Invilliers' 

'85). 
Dills burg (Frazer, '76d. Frazer, '77, pp. 212, 225, 

236,239, 317-331. d'Invilliers, '86, p. 1503). 
Emigsville (Frazer, '76, p. 88). 
Emmettsburg (Frazer, '77, pp. 254, 255). 
Fairfield (Frazer, '80, pp. 301-304. Frazer, '82, 

p.132. H. D. Rogers, '58, vot 2, pp. 684, 
691). 

Falmouth (Frazer, '80, pp.103, 104). 
.Franklinton (Frazer, '77, pp. 271-273, pl. op. p. 

272). 
Gettysburg (Frazer, '77, pp. 254, 255, 263, 264, 

299-304, pl. op. p. 304. Frazer, '77b. Frazer, 
'82, pp.131-132). 
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Dip in Pennsylvania-Continued. 
Goldsboro (Wanner, '89, p. 21). 
Heige's ore bank (Frazer, '77, p. 224). 
Hummelstown (S. P. Merrill, '89) . 
Ironstone anticlinal (d'lnvilliers, '83, p. 201). 
Jericho hill (Lewis, '85, p. 455). 
King's mine (Frazer, '77, p. 212). 
Kuntz's quarry (Frazer, '77, p. 225). 
Landis ore bank (Frazer, '77, p. 220). 
Lichti's ore bank (Frazer, '77, p. 229). 
Littestown (Frazer, '76, p. 108. Frazer, '77, 

pp. 299-304, pl. op. p. 304). 
M'Cormick mine (Frazer, '77, p. 215). 
March's mill (d'lnvilliers, '83, p. 202). 
Mechanicsville (Frazer, '77, pp. 274-277, pl. op. 

p. 274). 
Monroe (C. E. Hall, '83, p. 247. H. D. Rogers, 

'58, vol. 2, p. 681). 
Mount Holly (Frazer, ~77, pp. 274-277, pl. op. 

p. 274). 
Porter's ore bank (Frazer, '77, p. 221). 
Rhoad's mill (H. D. Rogers, '41, p. 39). 
Schoeneck (Frazer, '80, p. 43). 
South mountain (H. D. Rogers, '58, vol. 1, p. 

103). 
Susquehanna valley (Frazer, '82, p.122). 
Valley Forge (Frazer. '83, p. 224. Lesley, '83, 

p.190). 
Wellsville (Frazer, '77, pp. 230-232,271-273, pl. 

op.p. 272). 
Wheatley lode (H. D. Rogers, '58, vol. 2, p. 

703). 
Yellow tavern (H. D. Rogers, '58, vol. 2, p. 

102). 
York county (Frazer, '75c). 

Dip on Prince Edward islaml (Dawson, '54. Daw
son, '78, pp.116, 117, 30. Dawson and Har
rington, '71, pp.l4, 15, 16, 17, 18, 19, 20, 33). 

Dill in Virginia (W. B. Rogers, '39, }J. 72. W. B. 
Rogers, '42. Russell, '7S, p. 225). 

Blackheath (Lyell, '47, p. 266). 
Dan river area (W. B. Rogers, '39, p. 80). 
Manassa (Shaler, '84, }J.179). 
Midlothian (Heinrich, '73). 
New York-Virginia area (Fontaine, '79, pp. 31, 

34). 
Richmond area (Clifford, '87, p. 29, Daddow 

and Bannan, '66, p. 39'Y. Fontaine, '79, pp. 
35, 36. Heinrich, '78, p. 267. Lyell, '47, pp. 
262, 267. Macfarlane, '77, pp. 510, 528. 
Newell, '89. W. B. Rogers, '36, pp. 36-57. 
W. B. Rogers, '43b, pp. 532, 533. Shaler, '71, 
p.l14). 

Dobbs ferry, N. Y. Dip and strike near (Ma
ther, '43, p. 617). 

Trap rocks near (Mather, '43, p. 281). 

Dock watch hollow, N. J. Boundary of Second 
mountain, trap at (Cook, '68, p. 183.) 

Columnar trap at (Cook, '68, p. 203). 
Dip at (Cook, '68, p.198). 
Dip in shale at (Cook, '82, p. 25). 

Dolerite. See Trap. 

DOOLITTLE (-). Cited on the discovery of a 
. mass of native copper on Hamden hills, 

Conn. (Silliman, '14, p.149). 

D'ORBIGNY, ALCIDE. 184:9. 
Cours elementaire de paleont.ologie et de geo

logie stratigraphiques. 
Paris. 12mo, vol. 1, pp. 1-299, vol. 2, pp.1-847. 
Contains a brief account of the footprints of 

the Connecticut valley; after Hitchcoclr, 
vol. 1, pp. 27-32. 

Douglasville, Pat. Di}J of cong;lomerate near (d'In
villiers, '83, p. 215). • 

Dover, Pa. Catalogue of specimens of sandstone 
from near (Frazer, '77, p. 332-381). 

Sandstone, trap, etc., from (C. E. Hall, '78, pp. 
40,41 I 42, 44), 

Dover, Va. Analysis of coal from (Clifford, '87, 
pp.10, 16). 

Boundary of Newark area near (Heinrich, '78, 
p. 231. W. B. Rogers, '40, p. 71). 

'Thickness of coal at (Fontaine, '83, p. 8). 
Dover coal mines, Va. Brief account of (Daddow 

and Bannan, '66, p. 401. Lyell, '47, p. 264). 
Description of (Fontaine, '83, p. 3. Wool

dridge, '42, p.12). 
Reference to (Fontaine, '79, p. 36). 

Downington, Pa. Trap near (Frazer, '83, p. 274). 
Doylestown, P:t. Description of a trap dike near 

(Lewis, '85, p. 439). 
Fossil}1la11ts at (Cook, '85, p. 96). 
Remarks on iron ores near (Lesley, '73, p. 264). 
Remarks on plant remains at (Britton, '85). 

Dranesville, Va. Boundaries of the Newark near 
(W. B. Rogers, '40, p. 63). 

Detailed description of geology near (W. B. 
Rogers, '40, p. 65). 

DRAPER, W. W. Reference to fossil footprints 
found by (Macfarlane, '79, p. G3) •• 

Dreshertown, Pa. Boundary of theN ewark near 
(C. E. Hall, '81, pp. 22, 64-65. Lesley, '85, 
p.lxxxi). 

Mention of trap dike near (C. E. Hall, '81, p. 
65). 

DROON, T. lU. Analysis of natural coke from 
the Richmond coal field, Va. (Clifford, '87, 
pp.10,14). 

Drowning creek, N.C. An outlying area of New
ark on (Mitchel, '29, p.l7). 

DUCATEL, J. T. 1837. 
Annual report of the geologist of Maryland, 

1837. 
[Annapolis, 1838.] Pp. 1-39, maps A and B. 
IJontains a description of some of the features 

of the Newark system, especially near 
FrederickandPointofRocks, pp. 20, 24, 36. 

DUCATEL, J. T. 1840. 
Annual report of the geologist of Maryland. 
[Place of publicationnotgiven],pp. 1-46, pls. 

1-3. 
Another edition, same date, pp. i-viii, 1-59, 

pis. 1-3. -
Contains a brief reference to the conglomerate 

of tho Newark system in Maryland, p. 39. 

DUCATEL, J. T. Cited on Newark limestone in 
Marylaml (Shaler, '84, p. 177, pl. 46). 

DUCATEL, JULIUS T., and JOHN H. ALEX· 
A.NDER. 1884. 

Report on a projectell geological and topo
graphical survey of the state of Maryland. 
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DUCATEL, JULIUS T., aml JOHN H. ALEX
ANDER-Continued. 

Annapolis, 1834. (Not seen.) 
Reprinted in Am. Jour. Sci., vol. 27, 1S35, pp. 

1-38. 
Remark on the probability of :finding coal in 

Fredericktown valley, Md., p. 23. 
Dunellen, N. J. Boundary of First mountain, 

trap near (Cook, '68, p 181). 
Fossil :fishes found near (Nason, '89, p. 29). 

Dunham, N.J. Limestone at (Cook, '82, p. 43). 
Durfee's mountain, Conn. Trap dikes in primary 

rocks, near (Percival '42, pp. 425-426). 
Durham, Conn. Coal reported at (E. Hitchcock, 

'23, vol. 6, p. 63). 
Conglomerate at (E. Hitchcock, '35, p. 215. E. 

Hitchcock, '41, p. 442). 
Curvature of sandstone ridge near (Percival, 

'42, p. 432). 
Fossil fiRh locality at (J. H. Redfield, '36). 
Fossil fish, mention of, in (Percival, '42, p. 446). 
Fossil fishes collected at (Lyell, '66, p. 456). 
Fossil fishes from, brief account of (E. Hitch-

cock, '37, p. 267). 
Fossil fishes from, description of (Egerton, 

'49,p.8. Newberry,'78. W. C. Redfield,'41). 
Fossil :fishes from, descriptions and figures of 

(Newberry, '88). 
Fossil fishes from, reference to (Mather, '43, 

p. 294). 
Fossil footprints from (E. Hitchcock, '58, pp. 

50 et seq.). 
Fossil plants from (Chapin, '87a. Chapin, 

91a). 
Foss~ plants from, description and :figures of 

(Newberry, '88). 
Relation of trap and sandstones near (Whelp

ley, '45, pp. 62-63). 
Sandstone hills near (Percival, '42, pp. 448, 

449). 
Trap columnar near (E. Hitchcock, '23, vol. 

6, pp. 53-55). 
Trap near, brief account of (E. Hitchcock, '23, 

vol. 6, p. 50). 
Trap ridges near (Percival, '42, p. 361). 
Trap ridges near, description of (Percival, '42, 

p. 354). 
Trap rocks at (J. D. Dana, '71a). 

Durham, N, C. Depth of and analysis of water 
from an artesian well at (Venable, '87). 

Marl near (Kerr, '75, p. 187). 
Quarries of Newark sandstone at (Shaler, '84, 

pp. 181, 182). 
Sandstone near (Kerr, '75, p. 304). 

Durham, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. 668). 

Durham county, Conn. Trap conglomerate in 
(Percival, '42, p. 316). 

Durham mountains, Conn. Altered trap from 
(Hawes, '75), 

Observations on the origin of (Davis and 
Whittle, '89, p. 117). 

Trap ridges near, description of posterior 
(Davis aml Whittle, '89, p. 114). 

Durlach P. 0., Pa. Boundary of the Newark 
near (Frazer, '80, pp. 14, 42. 

Eagle bridge, N.C. Section of coal-bearing shales 
at (Emmons, '52, p. 150. Emmons, '56, pp. 
257, 258. 

Eagle falls, N.C. Coal near (Olmsted, '27, p.126). 
Slates near (Olmsted, '27, p.127). 

Earlville, Pa. Conglomerate from near (cl'Invil· 
liers, '83, p. 387). 

Detailecl account of dips (d'Invilliers, '83, p. 
212). 

Earth cmst, section, showing ancient glacial 
epocl1s (Shaler and Davis, '81, p.102). 

East Bloomfield, N.J. Description of copper mine 
near (H. D. Rogers, '40, p.161). 

Dip in quarries near (H. D. Rogers, '40, p.130). 
East Bradforcl, Conn. Description of trap ridges 

near (Hovey, '89). 
East Bradford, Pa. Mention of a trap dike near 

(Frazer, '84, p. 693). 
East Brauclt, N.J. Dip near (Cook, '68, p.198). 
East cape, P. E. I. Newark rocks exposed near 

(Dawson and Harrington, '71, p.15). 
East Cocalico township, Pa. Report on the ge

ology of (Frazer, '80, pp. 43-44). 
East Coventry, Pa. Newark rocks of (Frazer, '83, 

p. 222). 
Eitst Earl township, Pa. Report on the geology 

of (]'razer, '80, pp. 48-50). 
East Goshen, Pa. Mention of a trap dike in 

(Frazer, '84, p. 693). 
Trap dike near (Lewis, '85, p. 445). 

Easthampton, Mass. An account of the trap 
rock of (E. Hitchcock, '41, lJP. 641-643). 

Brief account of trap near (E. Hitchcock, '23, 
vol. 6, p. 45). 

Fossil fern from (E. Hitchcock, '58, p. 6). 
Fossil fern from, additional facts concerning 

(E. Hitchcock, '60). 
Fossil fern from, description of (E. Hitchcock, 

jr., '55). 
Fossil fern from, mention of (Fontaine, '83, 

p. 57. E. Hitchcock, 55a, p. 408). 
Fossil plants found at, mention of (Newberry, 

'88, p.12). 
Trap dikes in primary rocks near, description 

of (Percival, '42, pp. 422, 423). 
East Haven, Conn. Amygdaloid used as an iron 

ore at (Percival, '42, p. 325). 
Description of scenery near (E, Hitchcock, '23, 

vol. 7, pp. 3-4). -
Mineralogical composition and durability of 

building stone from (Hnbbard, '85). 
Minerals at (Silliman, '18a). 
Sandstone quarries at (Percival, '42, p. 434). 
Sandstone quarries near (Shaler, '84, p.127). 
Trap clike near (E. Hitchcock, '23, vol. 6, pp. 

56, 57). 
Brief account of (E. Hitchcock, '23, vol, 6, pp. 

49-50). 
Description of (E. Hitchcock, '35, p. 418. E. 

Hitchcock, '41, pp. 655-656). 
Section of (W. M. Davis, '83, pp. 280, 305-307, 

pls. 9, 10). 
Structure of (Percival, '42, p. 314) . 
Trap ridge near (Percival, '42, pp. 326-330). 

East Long Meadow, Ma!!s. Sandstone quarries of 
(G. P. Merrill, '89, p. 450). 
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East Marlboro, Pa. Mention of a trap dike h1 
(Frazer, '84-, p. 693). 

East 1\Ieriden, Conn. Trap ridges ;1ear (Davis and 
•Whittle, '89, p.107). 

East 1\Iillstone, N. J. Trap dike ncar (Darton, 
'90, p. 69). 

East N:mtmeal, Pa. Trap dikes in (Frazer, '83, 
p. 233. L esley, '83. p. 211). 

East PikelaiHl, Pa. Newark rocks of (Frazer, '83, 
p. 223). 

Ea~t Rock, Conn. Account of (Davis aml Whit
tle, '89, p.105). 

Analysis of trnJl rock from (J. D. D:ma, '7il, 
vol. 6, p. 106). 

Brief account of (E. Hitchcock, '23, vol. 6, 
p.50. E. Hitchcock, ':;5. p.4-17). 

Critical study of origin of (J.D. Dana, '91). 
Description of (E. Hitchcock, '23, vol. 7, 11p. 

2-3). 
Descri}Jtion of trap ridges near (Percival, '4-2, 

pp. 331' 335, 395-399). 
Elevntion of (J.D. Dana, '75a, p. 4-98). 
Example of a dike clumging to an intruding 

sheet (Percival, '42, p. 300). 
·Formed by an intrusive trap sheet (W. M. 

Davis, '88, p. 463). 
Garnets in the trap rock of (E. S. Dana, '77). 
GeiJcral account of (Silliman, '10, pp. 87-92). 
Geology and mineralogy of (Silliman, '14-). 
Lamination of the trap of (Los ley, '56, Jl. 162). 
Origin of form of (WlJelplcy, '4-5, p. 64). 
Quarries of tnl]J rock at (Shaler, '84, p. 127). 
Structure connected with (Percival, '4-2, p. 438)
Topographic form of trap ridge near (Perci-

val, '42, p. 306). 
E1tston, Pa. Fossil footprints :mel fossil plants 

at (Cook, '85, p. !l5). 
Fossil footprints in museum of Lafayette Col

lege (C. H. Hitchcock, '88, p. 122). 
Ea~ttown, Pa. Mention of a trap dike in (Fra

zer, '8J, p. 693). 
Trap dike in (Frazer, '83, pp. 285,286, 288). 

Enst Vincent, Pa. Newark rocks of (Frazer, '83, 
pp. 222, 223). 

J;nst Whulsor, Conn. Fossil bones found at., 
account of (E. Hitcheock, '23, vol. 6, p. 4-3). 

Fossil bones found at, description of (Wy
man, '55). 

Brief act:otmt of (J olm Hall, '21). 
Mention of (E. Hitchcock, '41, }lp. 503-504, pl. 

49. E. Hitchcock, '58, p. 186. Percival, 
'42, pp. 444,449. A. Smith, '32, 11. 220). 

Note on (Silliman, '20. .A. Smith, '20). 
Reference to (E. Hiteheock, '35, p. 237). 

EATON, AlUOS. 1818. 
An index to the geology of the Northern 

State~:~. 

[Bos\on] 12mo, pp. 1-52, antl1 plate. 
Contains a brief general account of the New

ark system in tl1e Connecticut valley, 
illustrated by a pictorial section. 

EATON, AlUOS. 1820. 
An index to the geology of the ' Northern 

States. 
Troy N.Y., 16mo, 2d etl., pp. i- :xi, 1-286. 
First edition not seen. 

Bull. 85-.-13 

EATON, AlllOS-Continue1l. 
Contains a brief general account of tl1e New. 

ark rocks of the Connecticut valley ancl 
of New York and New Jersey, pp. 206-
212, 215-221 and of the associated trap 
rock, pp. 249-256. 

EATON, AMOS. 1824. 
.A geological and agricultural survey of the 

district adjoining the Erie canal. 
Albany [N.Y.], pp. 1-163, pl. 1. 
Contains a number of references to the sand

stone and trap of the Connecticut valley, 
pp. 34, 92, 93,146, 14-8, 

EATON, AlliOS. 1828. 
Geological nomenclature, exhibited in a synop

sis of North A.merican rocks an1l clotri tns. 
(Continued under the title "General geo
logical strata.") 

In .Am. Jour. Sci., Yol. 14, pp. 145-159, 35!l-
368, with 3 plates. 

General remarks on lithological characters, 
etc., pp. 145, 152-155, 365-367, pl. op. p. 145. 

E.<\TON, AlliOS. 1830. 
[Note on the presence of oolite in Bergen 

county, N.J.] 
In .Am. Jour. Sci., vol. 18, p. 376. 
Mentions that oolite occurs in large quanti

tics at Franklin, Bergen county, N.J. 
Eaton Hill, Conn. Description of (Hovey, '89, p. 

366). 
Economy Point, N. S. Dip at (J. ·w. Dawson, '79, 

p. 101). 
Rocks of (J. "iV. Dawson, '78, p. 101). 

Edgefield, S. C. Brief account of contact meta
morphism in (Tuomey, '48, p. 68). 

Ellge Jlill, Pa. Conglomerate ncar (H. D. Rog
ers, '58, vol, 1, p. 161). 

Edge HilJ, Va. Natural coke and trap at (De La 
Beebe, '48, p. lxvi). 

Edgewater, N. J. Sandstone beneath trap at 
(Cook, '68, p.177). 

Ellonin, N.J. Dip in shale at (Cook, '82, p. 125). 

EDWARDS, A. C. Footprints collcctetluncler the 
direction of (C. H. Hitchcock, '88, p. 121). 

EDWARDS, A. 111. . • 1871. 
[Remarks on the cast of a tree stem in sand

stone from Newark, N.J.) 
In New York Lye. Nat. Hist., Proc., vol. 1, 

1870- '71, p. 155). 
Brief notice of the occnrrencc of tlJO fossil 

mentioned. 
Cited on analysis of sandstone from New Jer

sey (Wurtz, '71). 

EGERTON, P. de M.G. 1849. 
Palichthyologic Notes No. 3, on the ganoidei 

heterocerci. 
. In London Geol. Soc., Quart. Jour., Yol. 6, 

1850, pp. 1-10, and 2 plates. 
Discusses the taxonomic relation of certain fos

sil fishes from the Connecticut valley and 
New Jersey, described by L. Agassiz aml 
J. H. Redfield. Establishes the genus 
Ischypterus and a new species of Catop
terus. Concludes with a summary of 
genera and species which includes anum
ber of .American fossils. 
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EGEUTON, P. Cited on age of ihe Jura-Trias 
rocks of eastern United States as indi
cated by fossil fishes (Lyell, '47, p. 278). 

Cited on age of the Richmond coal field, Va. 
(Taylor, '48, p. 47). 

Cited on fossil :fishes (E. Hitchcock, '58, pp. 
5-6. Lyell, '66, p. 456. Lyell, '71, p. 562. 
Newberry, '88, p. 20, 25). 

Citetl on fossil fishes from Richmond coal
field, Va. (Lyell, '47, pp. 275, 278). 

EGJ;ESTON, THOMAS. 1886. 
Tl1e cause and prevention of the decay of 

building stone. 
Jn Am. Soc. Civil Eng., Trans., vol. 15, pp. 

647-704. 
Ref3rs to the use of trap rock for architectural 

purposes, p. 666. 
Discusses the decay of sandstone, and espe

cially of Newark sandstm1e, in New York 
city, pp. 676-680. 

Cited on the decay of Newark sandstone in 
New York city (Smock, '90, p. 297). 

Egn1t, N. C. Analyses of coal from (Chance, '84. 
Chance, '85, p. 36. Emmons, '56, pp. 248-
250. Genth, '71. Hale, '83, Jl. 226. Kerr, 
'75, pp. 293-294) . 

.Analysis of iron ore from (Emmons, '57, pp. 32, 
33. Kerr, '75, pp. 226-227). 

.Analyses of magnesian limestone from near 
(Emmons, '58). 

Bituminous shale at (Kerr, '75, p. 295). 
Boundary of the Newark near (Emmons, '56, 

p.~44). 

Brief account of rocks near (Emmons, 57b, p. 
76). 

Coal nt, brief account of (McGehee, '83, p. 76). 
Coal near, explorations for (Chance, '85, })p. 

35-40). 
Coal near, outcrop of (Wilkes, '58,}). 4). 
Detailed account of shaft at (Wilkes, '58, p. 6). 
Efflorescence of salt in (Jones, '62, p. 90). 
Fossilmammalia from, reexamination of (Os-

born, '86). 
Fossilmnmmalsfrom (Emmons, '57, pp. 93-96). 
Fossil plants, description of (EmmoJJs, 56, pp. 

288-295). 
Fossil reptilian bones from (Emmons, '57, Jlp. 

79, 92). 
Fossil shells from near (Emmons, '57, p.134). 
Fossils obtained at (ElllJllons, '57, p. 32). 
Iron ore in shaft at (Emmons, '56, p. 262). 
Iron orc ncar (Kerr, '75, pp. 225-230). 
rosition and depth of shaft at (Emmons, '57 a, 

p. 7). 
rurity of wnter in shaft nt (Emmons, '56, p. 

233). 
Qunrries of Newark sandstone at (Shaler, '84, 

pp. 181, 182). 
Ripple marks on sandstone from (Emmons, '57, 

p.32). 
Sandstone near (Kerr, '75, p. 304). 
Section in shaft at (Emmons, '56, pp. 233-234. 

Emmons, '57, pp. 31-32. J nckson, '56a, p. 
31. Kerr, '75, p. 142. \Vilkes, '58, pl. op. 
p. 6). 

Section in shnft at, nfter 'lilkes (Chance, '85, 
Jl. 21). 

Egypt, N. C.-Continue<l. 
Thickness qf eoala and shales at (EmmoUB, 

'56, pp. 286-287. Emmons, '56, 11p. 231,233-
239). 

Thickness of strata in shaft at (Emmons. '57, 
p. 30. Fontnine, '83, p.100). 

Elizabeth, N.J. Bored wells at (Cook, '85,p.1U. 
Nason, '89b). 

Exposure of sandstone and shale near (Rus
sell, '78, p. 224). 

Elizabeth, Pa. Trap dikes 11ear (Frazer, '80, p. 
28). 

Elizabeth copper mine, Pa. Trap dikes near (H. 
D. Rogers, 58, vol. 2, p. 707). 

Elizabethtown, N. J. Reference to geology near 
(H. D. Rogers, '40, p.129). 

Elizabethtown, Pa. Boundary of the Newark 
near I H. D. J{ogers, '58, vol. 2, p. 668). 

Brief account of lutving seen basalt in (T. P. 
Smith, '99). 

Trap dikes nenr (H. D. Rogers, '58, vol. 2, p. 
687). 

Elizabeth to,mship, Pa. Re1Jort on the geology 
of (Frazer, '80, pp. 39- 41). 

Elk Uun, Va. Brief account of a so-called copper 
mine at (Jackson, '59). 

Elkton, Va. Detailed description of geology near 
(W. n. Uogers, '40, p. 66) . 

EHington, Conn. Description of trnp dikes in 
primary rocks nenr (Percival, '42, llp. 425, 
426). 

Report of the finding of coal at (E. Hitchcock, 
'23, vol. 6, p. 63). 

Ellington's, N. C. Fossil }Jlants from (Emmons, 
'56, pp. 324-338. Emmons, '57, pp. 100-132). 

Elliott's limestone quarry, Conn. .An account of 
the rocks at (Perci,•al, '42, pp. 344, 363). 

ELLS, U. W. 1880. 
Report on the geology of southern New Bruns

wick, embracing the counties of Charlotte, 
Sunbury, Queens, Kings, St. John, and 
.Albert. 

See Bailey, Matthew, nnd Ells, 1880. 
ELLS, U. W. 1884. 

Report on explorations nnd sun·eys in t,he in
terior of the Gaspe peninsula, 1883. 

In geological nnd natural l1istory survey and 
museum of Canada, report of progress, 
1882-'83-'84, Montreal, 1885, pp. 1E-34E. 
.Accompanied by nine quarto sheets of a 
geologicnJ map of New Brunswiek, Que
bec, and Prince Edwnnl island. 

DeE.cribes the rocks of Prince Edward island 
aml gives rea;,on and obser>ation for not 
considering them of Triassic age; but 
states that there may possibly be small 
outlines of this 11eriod on the island. In
cidentally the Newark rocks qf Nova 
Scotia are describell. See pp. 11E-19E, 
and note on atlas sheet 1 No.5, SW. 

ELLS, U. W. 1885. 
Report on the geological formations of east

ern .Albert and Westmoreland counties, 
New Brunswick, and portions of Cumber
land and Colchester counties, Nova Scotia, 
by R. W. Ells) 1884. Montreal, 1885, 
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ELLS, R. W .-Continued. 

In Geological-and Nat ural History Survey of 
Canada. Annual Report (n. s.), vol. 1. 
Montreal, 1886, pp. 1E-71E, accompaniecl 
by map of the province of New Bruns
wick [sheet 2-SW]; [map of] Nova Scotia 
and New Brunswick (sheet 4-NW] and 
a plate of sections in portfolio. 

In this report the outcrops of theN ewark sys
tem along the north shore of Minas basin 
are briefly describecl on pp. 6E, 7E, aml in 
connection with a description oft. he Lower 
Carboniferous north of Minas basin sev
eral references to this system are included, 
pp. 43E-51E. 

Cited on the geology of Prince Etlward island 
(Bain and Dawson, '85, p.ll7). 

JmEltSON, BEN. K. 1882. 
The Deerfield [Mass.] dike and its minerals. 
In Am. Jour. Sci., 3d ser., vol. 24, pp.l95-202, 

270-278, 349-359. 
Describes the geographical extent of the dike 

mentioned, and certain associated faults, 
together with its lithology, decomposition, 
mineralogy, etc. 

EJIERSON, B. K. 1886. 
The Holyoke range on the Connecticut. 
In Am. Assoc. Adv. Sci., Proc. vol. 35, pp. 

233-234. 
Abstract in Am. Jour. Sci., 3d ser., vol. 32, 

pp. 323-324. 
Abstract of a paper describing the structure 

antl lithology of the HolyiJke trap sheet. 

EJIERSON, BEN. K. 1887. 
[Topography and geology of Hampshire 

county, Mass.] 
In Gazetteer of Hampshire county, Mass., 

165-!-1887, compiled and edited by "\V. B. 
Gray, pp. 10-22. 

Contains a sketch of the mocle of origin of the 
sandstone and trap rock of the Connecti
cut valley anll of their subsequent ero
sion, pp. 18-20. 

EllERSON, B. K. 1891. 
[Remarks on the basal conglomerate of the 

Newark in the Connecticut valley.] 
In Geol. Soc. Am., Bull. vol. 2, p. 223. 
Remarks on a paper by R. Pumpelly. Refers 

to secular disintegration before the depo. 
sition of theN ewark. Gives thickness of 
arkose in Massachusetts. 

EMERSON, B. K. Cited on a fault at Turner's 
Falls, Mass. (W. M. Davis, '88, pp. 469, 
471). 

Cited on the Newark system in the Connecti
cut valley (Newberry, '88, pp. xiii-xiv). 

Cited on origin of limestone in the Newark 
rocks of Massachusetts (W. M. Davis, 
'89, p. 66). 

Cited on origin of the red color of the New
ark sandstone (Russell, '89, p. 50). 

Cited on overflow trap sheets in Massachu
setts (W. M. Davis, '83, p. 297. W. M. 
Davis, '88, p. 465). 

Emerson creek, N. B. Rocks of (Gesner, '41, p.14). 

Emig's mill, Pa. Dip of sandstone at (Fraser, 
'76, p. 94). 

Trap near (Fraser, '76, p. 94). 
Emigsville, Pa. Conglomerate from (Fraser, '76, 

p.l53). 
Dip near (Fraser, '76, p. 88). 
Limestone conglomerate from (C. E. Hall, '78, 

p.17). 
Section through (Fraser, '76, op. p. 92). 

Emilysville, York county, Pa. ]'ossil reptiles 
found at (Fraser, '85, p. 403). 

Emmettsburg, Pa. Boundary of the Newark 
near (H. D. Rogers, '58, vol. 2, p. 669). 

Catalogue of specimens of trap, etc., from 
near (Fraser, '77, pp. 254, 255, 332-381). 

Contact metamorphism near (H. D. Rogers, 
'58, vol. 2, p. 691). 

Iron ore near (H. D. Rogers, '58, vol. 2, p. 691). 
Trap clikes near (H. D. Rogers, '58, vol. 2, pp. 

688, 691). 
Trap from (C. E. Hall, '78, p. 61). 

EMMONS, E. 1836. 
Notice of a scientific expedition [to Nova 

Scotia and New Brunswick]. 
In Am. Jour. Sci., vol. 30, pp. 330-354. 
Contains a general description of the trap on 

the southeast shore of the bay of Fundy, 
with occasional references to tho associ
ated sandstone, aml a few re<;ortls of dip, 
contact metamorphism, etc. A brief ac
count of Quaco head, N. B., is also given. 

EMMONS, EBENEZER. 1841. 
Report on the ornithichnites or footmarks of 

extinct birds, in theN ew Red sandstone of 
Massachusetts and Connecticut, observed 
by Prof. Hitchcock, of Amherst. 

See (Rogers, H. D., L. Vanuxem, It. C. Tay
lor, E. Emmons, and T. A. Conrad, 1841). 

[EM~IONS, E.] 1842. 
Topography, geology, and mineral resources 

of the :::itate of New York. 
In a gazetteer of the state of New York. 
Albany, 12mo, pp. 5-25. 
Contains a brief account of the trap rock on 

the west bank of the Hudson, pp.16-17. 
EMMONS, E. 1842a. 

Geology of New York [Part IV]. 
Albany, 4to, pp. i-x, 1-437·, pls.1-17. 
Shows the position of the Newark system in 

theN ew York series of sedimentary rocks, 
p.429. 

EMlUONS, EBENEZER. 1846. 
Natural History of New York, Part V. Agri

culture, vol. 1. 
Albany, 4to, pp. i-xi, 1-371, and 21 plates. 
Contains a brief account Qfthc Newark rock~ 

of Rockland county, N.Y., pp. 200-201. 

EMMONS, EBENEZER. 1862. 
Report of Prof. Emmons on his geological sur

vey of North Carolina. 
Raleigh, pp. 1-182. 
Contains detailed description of the Deep river 

and Dan river coalfields, N.C., pp.113-159. 

EMMONS, EBENEZER. 1856. 
Geological report of the midland counties of 

North Carolina. 
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E;,IMONS, EBENEZER-Continued. 
New York and Raleigh, pp. i-xx, 1-351, and 18 

maps and plates. 
Reviewed by Charles Dewey, in Am. Jour. 

Sci., 2d ser., vol. 24, pp. 427--430. 
Abstract inN eues J ahrbuch, 1858, pp. 358-359. 
Reprinted in "In coal and iron counties of 

North Carolina," by P.M. Hale. 
Contents relating to the Newark system. 
Deep river coal field. Page. 

Masses composing the formation. 227- 239 
Consi(lerations respecting age ... 227-239 

Geographical extent of coal measures, 
together with the un(ler and over 
:iying Rands tones ....... , . . . . . . . . . 239-246 

Qnantit.y and quality of the Deep 
river coal, composition, etc ...... 246-254 

The Dan river coal field. Description 
of (E. Emmons) .................. 259-291 

Economic products of the coal fields 
and of the red sandstones ........ 261-268 

The advantages of Deep river for the 
manufacture of iron, etc .......... 268-270 

History of opinions respecting the age 
of the Deep aml Dan rivers forma
tions. Division of t.be series with 
remarks sustaining it ............ 271-283 

Description of organic remains ....... 283-3l8 
The coal fields of Deep river and of 

Richmond, Va., compared ........ 338- 342 

EMMONS, EBENEZER. 1857. 
American, geology, containing a statement of 

the principles of the science, with full il
lustrations of the characteristic American 
fossils, Part VI. 

Albany [N.Y.], pp. i-x, 1-152, and 13 plates. 

CONTENTS. 
Page. 

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v-vii 
Subject stated in the preliminary re-

marks .•.••... - .. -.---.-----------
Geographical distribution of the Per

mian and Triassic (Newark) sys-
tems of the Atlantic slope........ 2-4 

Of the relations which exist among the 
sandstones and slates of the differ
ent troughs or basins which have 
been described............ . . . . . . . 5- 13 

Comparisons of the beds described in 
the foregoing sections and their 
subdivisions proposed............ 13- 16 

Proposed divisions and comparisons 
with European equivalents . . . . . . 16-18 

General statements respecting the 
series of rocks to be described. 
Conglomerate, its composition aml 
variable thickness. Brown aml 
red sandstone, its parallelism with 
Rothe Todte Liegendes, its fossils 19-20 

Lithological character of the coal 
measures of Rothe Todte Liegen
des, composition of the coal shales, 
black hand, etc. Beds lJenetrated 
by the Egypt shaft; Dan river 
coal seams . . .. . .. . . . .. . . . .. .. . . .. 29-34 

:KllllliONS, EBENEZER--Continued. Page. 
Fossils of the coal slates and shales, 

sandstones, etc....... .. . . . . .. . . .. 34-36 
Of the animal remains of the slates 

ancl shales of the Chatham series. 36-54 
Reptilia; characteristics of reptiles 

and their general distribution in 
the rocks......................... 54-57 

The saurian remains of the Chatham 
series............................ 58-65 

Mammal of the Permian epoch....... 93-96 
Subject-matter respecting the upper 

or the Triassic (Newark) series.. 97-98 
Fossils of the Newark systemrefeiTed 

to their proper classes and orders. 99-134 
Footprints or body imprints found in 

the upper series or Trias ......... 135-141 
Vertebrata ........................... 142-149 
On the pyroplastic rocks belonging to 

the sandstone series .............. 149-151 

ElU!UONS, EBEN~ER. 1857a. 
Special report of Dr. E. Emmons, concerning 

the advantages of the valley of the Deep 
river [North Carolina], as a site for the 
establishment of a national foundry. 

Raleigh, pp. 1-14. 
Describes briefly the coal, iron, and building 

stone of the region referred to, pp. 6-11, 12. 

EMlliONS, E. 18o7b. 
Fossils of the sandstones and slates of North 

Carolina. 
In Am. Assoc. Adv. Sci., Proc., vol. 11, 1858, 

pt. 2, pp. 76-80. 
Abstract in Ann. Sci. Discov., 1857, pp. 312-

314. 
Presents a generalized section of the Newark 

rocks of North Carolina, followed by a 
summary of results obtained from a study 
of their fauna and flora, and a discussion 
of their age as compared with certain for
mations in Europe. 

EllllliONS, EBENEZER. 1857c. 
Permian and Triassic systems of North Caro

lina. 
In Edinburgh New Philosophical Journal, N. 

S., vol. 5, p. 370. 
Abstract in Nenes cTahrbuch, 1857, p. 343. 
Abstract of a paper read at the Albany meet

ing of the American Association for thll 
Advancement of Science, 1856. The New
ark system in North Carolina is state(l to 
belong to tl1e Permian and Triassic sys
tems. The fossils on which this classifi
cation is based are mentioned. 

EM!UONS, E. 1858. 
The chemical comtitution of certain members 

of the Chatham series in the valley of 
Peep river, North Carolina. 

In Am. Assoc. Adv. Sci., Proc., vol. 12,1859, 
pp. 230-232. 

Refers to divisions that have been made in 
classifying the Newark rocks of North 
Carolina, and presents t.hree analyses of 
magnesian limestone from near Egypt. 
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EltllUONS, E.-Continued. 
Cited on age of the coal-bearing rocks of North 

Carolina (Chance, '85, p. 17. J. D. Dana, 
'56, p. 322. Jackson, '56a, pp. 31-32. Les· 
quereux, '76, p. 283. Macfarlane, '77, pp. 
518-528. Macfarlane, '79, p. 42. Marcou, 
'88, p. ?O. W. C. Redfield, '56, p.188). 

Cited on age of tl1e Newark system (Hitch
cock ancl Hitchcock, '67, p. 416. Lea, '58. 
Newberry, '88, p. 9. H. D. Rogers, '58, 
vol. 2, pp. 696-697). 

Cited on cypridre from North Carolina (Jones, 
62, p. 125). 

Cited on Deep river coal field, N.C. (Lyell, '66, 
p. <!57). 

Cited on efilorescence of salt in the Egypt 
shaft, N.C. (Jones, '62, p. 90). 

Cited on extentoftheNewark in North Caro
lina (Wilkes, '58, p. 2). 

Cited on fossil bird bone fro::n North Carolina 
(Mackie, '64). 

Cited on fossil crustaceans from the Newark 
system (Jones, '62, pp. 86-87). 

Citecl on fossil fishes of the Newark system 
(Newberry, '88). 

Cited on fossil mammalians from North Caro
lina (Osborn, '86). 

Cited on fossil mammalians inN orth Carolina 
(H. D. Rogers, '58, vol. 2, p. 761). 

Cited on fossil plants in North Carolina (Mar
con, '59, p. 25. Marcou, '90). 

Cited on fossil reptiles from North Carolina 
(H. D. Rogers, '58, vol. 2, p. 695). 

Cited on geology of the midland counties of 
North Carolina (Marcon, '58, pp.15-16). 

Cited on geology of Virginia and North Caro
lina (Archiac, '58). 

Citecl on intrusive trap sheets in New Jersey 
(W. M. Davis, '83, p. 294). 

Cited on Newark of North Carolina (Miller, 
'79-'81, vol. 2, pp. 225-227). 

Cited on Older Mesozoic flora of North Caro
lina (Fontaine, '83, pp. 60, 62, 63, 88, 89,97-
128, pls. 48-54). 

Notice of work l1y (Miller, '79-'81, vol. 2, pp. 
152-154). 

Reference to description of fossil mammal by 
(Osborn, '87). 

Review of geological report by (Dewey, '57). 

Enfield, Conn. Brief account of shale at (E. 
Hitchcock, '35, p. 217). 

Coal founcl iu (E. Hitchcock, '41, p.139). 
Fossil plants from (E. Hitchcock, '41, p. 453). 
Mention of the finding of fossil plants at (A. 

Smith, '32, pp. 219-220). 
Report of the finding of coal at (E. Hitchcock, 

'23, vol. 6, p. 63). 
Red shale in (E. Hitchcock, '41, p. 443). 
Ridges in (Percival, '4.2, p. 445). 

Enfield bridge, Conn. Localities of fossil foot
prints near (E. Hitchcock, '41, p. 466). 

Enfiel<l falls, Conn. Description of fossil foot
prints from (E. Hitchcock, '58). 

Enfield falls, Mass. Brief account of sandstone 
near (E. Hitchcock, '35, p. 221). 

Enfield falls, ltlass.-Continued. 
Character of sandstone at (E. Hitchcock, '411, 

pp. 446-447). 
Concerning coal near (E. Hitchcock, '35, p. 

231). 
Enfield ridge, Suftiel!l, <Jonn. Fossil footprints at 

(E. Hitchcock, '58, pp. 50, et seq.). 
Englewood, N.J. Boundary of trap outcrop at 

(Cook, '68, p.177). 
Description of the geology near (W. M. Davis, 

'83, pp. 269-271). 
Dip ·of sandstone near (W. M. Davis, '83, p. 

269). 
Indurated shale near (Darton, '90, p. 52). 
Mention of building stone near (Cook, '81, p. 

43). 
Outcrops of trap and sandstone near (Cook, 

'68, p.178). 
Sandstone on trap at (Cook, '68, p. 201). 
Sandstone on west slope of Palisades at (Cook, 

'68, p. 208). 
Sandstone quarries at (Cook, '79, p. 21). 
Upper contact of Palisade trap sheet near (Da. 

vis and Whittle, '89, p. 106). 
J<~ nglish company's colliery, va: .Analysis of coal 

from (Clifford, '87, p. 10). 
English neighborhood, N. J. Boundary of trap 

outcrop at (Cook, '68, p.177). 
Ephrata, Pa. BoundaryoftheNewarknear(B'ra

zer, '80, pp. 43, 44. Lea, '5S, p. 92. H. D. 
Rogers, '58, vol. 2, p. 668). 

Ephrata hills, Pa. Boundary of theN ewark near 
(Frazer, '80, p. 15). 

Ephrata township, Pa. Report 011 the geology of 
(Frazer, '80, pp. 44-48). 

l<~ppes falls, Va. Boundary of Newark area near 
(Heinrich, '78, p. 231. W. B. Rogers, '40, 
p.71). 

Erlls mi11, Pa. Boundary of the Newark near (H. 
D. Rogers, '58, vol. 2, p. 668). 

Evans, N: C. Exploration for coal near (Chance, 
'85, Jlp. 43-47). 

Evans brillge, N. U. Boundary of the Newark 
near (Mitchell, '42, p.130). 

Fossil tree trunks found near (Emmons, '52, 
p.148). 

Unconformity of Newark and Taconic. near 
(Emmons, '56, p. 242). 

El·ans mills, N. C. Section at (Emmons, '50, p. 
231). 

Evittstown, N.J. Character of the formation near 
(H. D. Rogers, '40, p.131). 

Ewingville, N. J. Dip in shale near (Cook, '82, 
p. 26). 

Exeter, Pa. Contact metamorphism at (d'Invil
liers, '83, p. 199). 

EYERMAN, JOHN. 1886. 
Footprints on the Triassic [Newark] of New 

Jersey. 
In ..A.m. Jour. Sci., 3d ser., vol. 31, p. 72. 
Brief description of fossil footpriiJt::; from 

near Milford, Hunterclon county, New 
Jersey. 

EYERMAN, JOHN. 1889. 
[Fossil footprints and fossil Jllants from Mil• 

ford, New Jersey.] 
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EYERMAN, JOHN-Continued. 
In notes on geology and mineralogy. In 

Philadelphia Acad. Nat. Sci. Proc., 1889, 
[vol. 40], pp. 32-33. 

Gives a list, with measurements, of fossil foot
prints from the locality mentioned. 

Fairf:u, Va. Boundaries of the Newark near 
(W. B. Rogers, '40, pp. 63, 66, 67). 

Description of the Newark near (W. B. Rog
ers, '40, pp. 64-69). 

Detailed description of geology near (W. B. 
Rogers, '40, pp. 66, 67). 

Fairfield, Conn. Description of trap dikes in 
primary rocks near (Percival, '42, pp. 415-
416). 

Overflow trap sheets near (W. 1\I. Davis, '88, 
p. 465). 

Falrfleld, Pa. Boundary of the Newark near 
(Frazer, '82, p. 123. H. D. Rogers, '58, 
vol. 2, p. 669). 

Conglomerate from (Frazer, '80, p. 291). 
Conglomerate near (H. D. Rogers, '58, vol. 

2, p. 684). 
Contact metamorphism near (H. D. Rogers, 

'58, vol. 2, p. 684, 691). 
Copper ore at, detailecl account of (Frazer, 

'80, p. 301-304). 
Copper ores near (Frazer, '82, pp. 132-134). 
Dip at (Frazer, '80, p. 301). 
Dip in shale near (H. D. Rogers, '58, vol. 2, pp. 

684-691). 
Iron ore near (H. D. Rogers, '58, vol. 2, p. 691). 
Limestone from {Shaler, '84, p. 156). 
Trap dikes near (H. D. Rogers, '58, vol. 2, pp. 

684, 690, 691, 692). 
Fairfield, S. C. Description of trap dikes in 

(Tuomfly, '44, p.12). 
Fair Haven, Conn. Relation of trap and sand-

stone ncar (Whelpley, '45, p. 63). 
Trap dike in, mention of (Hovey, '89, p. 377). 
Trap (like near (W. M. Davis, '83, p. 268). 
Trap ridges near, description of {Percival, 

'42, pp. 331,333, 335). 
Trap rocks near, description of (Davis and 

Whittle, '89, pp. 110-111). 
Fair Haven, East, Comt. Contact metamorphism 

near (Hovey, '89, pp. 369-375). 
Trap ridges near (Hovey, '89, p. 366). 

Fairmont Hill, N.J. Structure of (Darton, '90, 
p. 43)'. 

F1lir View, Pa. Mention of a trap dike near 
(Frazer, '8-!, p. 693). 

Jo'airville, N.J. Dip in sandstone at (Cook, '82, 
p. 24). 

F:lirville, Pa. Boundary of the Newark near 
(I<'rflzer, '80, p. 15, 48, 49). 

Fall mountuin, Jtlass. Description of scenery 
near (E. Hitchcock, '23, vol. 7, p. 12). 

F:lll river, Mass. Description of faults at the 
mouth of (Emerson , '82, pp. 195-196). 

Falls of the Passuic, N. J. Contact metamor
phism near (H. D. Rogers, '40, p. 146). 

Description of trap outcrop at (H. D. Rogers, 
'40, p. 146). 

Falmouth, Pa. Detailed description of the New· 
ark rocks near (Frazer, '80, pp. 103-104). 

Falnumth, Pa. -Continued. 
Trap near, description of (Fmzer, '80, p. 34. 

H. D. Rogers, '58, vol. 2, p. 687). 
Fanwood, N.J. Description of the geology near 

(W. M. Davis, '83, p. 275). 

Farmersville, N. C. Analysis of blackband from 
(Emmons, '56, p. 264). 

Analysis of coal from (Emmons, '56, pp. 
2!7-248, 249, 250. Kerr, '75, l)P. 293-294). 

Boundary of the Newark near (Emmons, '56, 
p. 2!4). 

Brief account of coal at (Emmons, '57 a, p. 7). 
Dip~ and strikes near (W. R. Johnson, '51, 

pp. 6-7). 
Fossil reptilian bones from (Emmons, '57, p. 

92). 
Outcrop of coal in (Wilkes, '58, p. 4). 
Thickness of coal seams near (W. R. John· 

sou, '51, p. 8). 

Unconformity of Newark ami Taconic near 
(Emmons, '56, p. 242). 

Farmington, Conn. Building stone from, brief 
account of (E. Hitchcock, '35, p. 46). 

Building stone near (Percival, '42, p. 439). 
Indurated bitumen found near (Percival, '42, 

pp. 375, 376). 
Limestone near (Percival, '!2, pp. 316, 443). 
Overdow trap sheets near (W. M. Davis, '88, 

p. 464). 
Sandstone quarries near (Shaler, '84, p.l27). 
Trap ridges ncar (Percival, '42, pp. 368-370): 

Farmington hills, Conn. Analysis of diabatite 
from (Hawes, 75a). 

Topographic form oft.rap ridge near (Perch·al, 
'42, p. 304). 

Farmington mountain, Conn. Anterior trap ridge 
of (Davis and Whittle, '89, pp. 109- llO). 

Description of (Percival, '42, 1). 374). · 
Small map of (Davis aml Whittle, '89, pl. 3). 

Farmington river gap, Conn. Trap ridges near 
(Davis and Whittle, '89, p. 109). 

F:trmville, N. C. Analysis of coal an!l natural 
coke from (Battle, '86). 

.Analysis of coal from (Chance, '84). 
Coal at (Macfarlane, '77, p. 519). 
Coal at, quality of (Emmons, '52, 1). 131). 
Coal near, explorations for (Chance, '85, pp. 

26-33). 
Dip at (Macfarlane, '77, p. 518). 
Dip of coal seams near (Chance, '84, p. 518). 
Reference to fossil fishes from (E. HitclJCock, 

'41, p. 440). 
Reptile remains from (Emmons, '56, p. 309). 
Section of coal seams at (Chance, '85, p. 22). 
Section of coal seams near (Emmons, '52, pp. 

124-129). 
Sketch showing outcrop of coal near (Chance, 

'85, p. 27). 
F;umville, V:1.. Boundary of the Newark near 

(W. B. Rogers, '39, Pll· 74-76). 
Mention of coal shales aml coal seams at 

(Heinrich. '78, p. 272). 
Short account of coalfield near (D:uldow and 

Bannan, '66, pp. 402-403). 

Farmville area, Va. Brief account of (Emmons, 
'57, p. 3. Hotchkiss, '81, p. 120). 
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Farmville area, Va.-Continued. 
Brief review of tho occurrence of coal in 

(Chance, '85, pp. 18-19). 
General account of the coal of (Patton, '88, p. 

23). 
Faults. Brief discussion of (\V. :M. Davis, '88, 

pp. 4G9-481). 
Faults in Connecticut. Discussion of (Hovey, '89, 

pp. 378-379. W . M. Davis, '89c). 
Detailed study of, near Meriden (W. M. Davis, 

'89). 
}l[ap of, near Meriden (W. M. Davis, '89c, p. 

424) . 
Possible existence of (E. Hitchcock, '58, p.15). 
South Britain (W. M. Davis, '88, p. 472). 
Woodbury, section showing (W. M. Davis, '88, 

p.472). 
See, also, Connecticut •alley. 

Faults In Connecticut yalley. (W. M. Davis, ;82. 
W. M:. Da•is, '82a, pp. 120-124. W. M. 
Davis, '83. W.M. Da•is, '88. "'\V. M. Davis, 
'91. Da•is and Loper, '91. Davis and 
Wllittle, '8~. Percival, '42, ]). 300). 

Discussion of (W. M. Davis, '86, p. 344. W. 
M. Dads, '88. W. M. Davis, '89b, pp. 
27-29). 

Hypothetical section of (W. M. Davis, '86, p. 
350). 

Marginal (W.M.Davi::!, '88,p.474). 
Origin of (W. M. DaYis, '88a). 
Systematic arrangement of (W. M. Davis, '88, 

pp. 474-477). 
See, also, Connecticut and Massachusetts. 

Faults in lllassacllUsctts. .At mouth of Fall river 
(Emerson, '82). 

See, also, Connecticut valley. 

Faults in New Jersey. (Cook, '79, p. 33. Cook, '82, 
p. 16. Cook, 83, }). 25. Cook, '87. Cook, 
'89, pp. 13--14. Darton, '90. W. M. Davis, 
'82. W. M. Davis, '83. Lesley '83, p.181. 
Nason, '89, pp. 25, 32-33). 

At BelleYille (Cook, '81, p. 44). 
Garret rock (Darton, '90, p. 23). 
Haledon quarry (Cook, '83, p. 25, pl.). 
Hudson county (Darton, '90. Russell, '80, pp. 

32-33). 
Lambertville (Lesley, '83, p. 181). 
Palisades (Nason, '89, p. 26). 
Paterson (W. M. Davis, '83, p. 309, pl. 11). 
Plainfield (Cook, 'G8, p. 677). 
General, absence of (Cook, '68, p. 202). 

Faults In New York. In Palisade trap sheet (Dar
ton, '90, pp. 41-45). 

Faults in North Carolina. Deep river area 
(Chance, '85. p. 59). 

Gulf (Emmons, '56, p. 241). 
Faults in Nova Scotia. (Dawson, '78, p . 104). 
Faults in Pennsylvania. (Frazer, '84. Lewis, '85, 

p. 440. H. D. Rogers, '58, vol. 1, pp. 86, 87). 
Border of theN ewark (Lesley, '63, pp. 188-189). 
Bucks county (Lesley, '85, p. xxvii). 
Cornwall iron mine (Lesley and d'Invilliers, 

'85, pp. 498-506). 
Dillsburg (Frazer, '77, pp. 328-330. d'In

villiers, '86, }). 1503). 
Yardleyville (Lewis, '82). 

Faults in Pennsylvania-Continued. 
Yellow springs (H. D. Rogers, '58, vol.1, p. 88). 

Faults in Virginia. Farmville (Daddow and Ban
nan, '66, p. 403). 

Midlothian (Fontaine, '79, p. 36). 
lUchmond area (Fontaine, '79, pp. :l5, 36. New

ell, '89. W. B. Rogers, '36, pp. 5&-56. Sha
ler, '71, pp.l14, 118). 

Origin of, briefly considered (W. M. Davis, 
'89a, p.196). 

Producing overlap, diagrams showing (W. M. 
Davis, '88, p. 475). 

Various observations cited (W. M. Davis, '83, 
pp. 304-305). 

Fauquier county, Va. Character of conglomerate 
in (W. B. Rogers, '39, p. 72). 

Description of the Newark in (W. B. Rogers, 
'40, pp. 64- 69). 

Reference to fossil fishes from (E. Hitchcock, 
'41, p. 440). 

Fayettesville, Va. Boundary o{ Newark near 
(Heinrich, '78, p. 235). 

Feltville, N. J. Abseni!e of contact metamor
phism at (Darton, '89, p. 135). 

Baryta at (Cool-., '68, p. 709). 
Boundary of First mountain, trap at (Cook, 

'G8, p. 182). 
Boundary of Second mountain, tra]l at (Cook, 

'68, p. 183). 
Copper ores near (Cook, 'GS, p. 676). 
Description of the geology near (W. l.L Da-

Yis, '83, pp. 274-27u). 
Dip at (Cook, 'G8, p. 196). 
Dip in sandstone at (Cook, '82, p. 24). 
.Junction of trap and sandstone at (Russell, 

'78a). 
Limestone at (C'lok, '68, p. 214. Cook, '79, p. 

18. Cook, '82, pp. 22, 42). 
Limestone ncar (Nason, '89, p. 22). 
Sandstone above trap nt (Cook, '68, }). 201). 
Section of trap sheet rear (Darton, 'DO, p. 26). 
Surface of trap sheet at (Darton, '90, p. 20). 
Trap exposures near ("'\V. M. DaYis, '83, p. 309, 

pl. 11). 
Ferrish's coal mine, N. C. Analyais of coal from 

(\V. R. Johnson, '50, }). 165. Macfarlane, 
'77, p. 525). 

Discovery of ("'\V. n. Johnson , '50, pp. 161-
1G2). 

Fiddlers creek, N.J. Dip near (Cook, 'GS, pp.197, 
198). 

FIELD, ROSWELL. 1855. 
[On fossil footprints from GreenfieM, Con

necticut.] 
In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 

160, 166). 
Describes a slab of sandstone covered with 

footprints. 

FIELD, ROSWELL. 1856. 
[Note on the disco-very of the footprint of::>, 

biped web-footed animal at Greenfield, 
Massachusetts.] 

In Boston Soc. Nat. Hist., Proc., vol. 6, pp. 
10, 11. 

A brief extract from a. letter relating to th~ 
discovery. 
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J!'IELD, ROSWELL. 18GO. 
Orinthichnites, or tracks resembling those of 

birds. 
In Am . .Jour. Sci., 2d ser., vol. 29, pp. 361-363. 
Abstract in Nenes .Jahrbuch, 1861, pp. 877,878. 
Discusses the ornithic character of the foot-

l1rints discovered in the Connecticut val
le~· ; shows that some of the three-toed 
tracks were made by four-footed animals. 

FIELD, ROSWELL. 18GOa. 
[On the probable reptilian or mammalian char

acter of the footprints in the sandstone of 
the Connecticut >alley.] 

In Boston Soc. Nat. Hist., Proc., vol. 7, }lp. 

316-317. 
Discovery of fossil at Turners Falls, Mass. 

(E. Hitchcock, '58, Jl. 7). 

Field copper mine, N. J. Altered shale n enr 
(Cook, '83, lJ· 24). 

Contact of trap and snndstone at (Cook, '82, 
p. 51). 

Dip in shale at (Cook, '82, p. 24). 
Fossil Estherias and £shes found in (Nason, 

'89, pp. 29, 30). 
Figeley's ore bed, Pa. Sandstone on the border 

of (H. D. Rogers, '58, vol. 1, p. 88). 
}'iller's ore pit, Pn. Report on (Frnzer, '77, p. 

222). 
FINCH, J. 1826. 

Memoir on the New or Variegated sandstone 
of the United States. 

Iu Am. Jour. Sci., vol. 10, pp. 209- 212. 
Contains some observation;; on the Newark 

sandstone in New Jersey, dissents from 
the use of tho name Old Red sandstone for 
that terrane, and uses the name New or 
Variegated sandstone instead. 

FINCH, JOHN. 1828. 
On the geology and mineralogy of the country 

near Westchester, Pa. 
In Am. Jour. Sci., vol. 14, pp.15-18. 
Brief account of theN ewar k sandstone (called 

scconcl or "ariegated sandstone) and asso
ciated trap near Westchester, Pa. 

FINCH, J. Cited on tl10 age of the Newark sys
tem (C. H. Hitchcock, '71, p. 21). 

Fire clay in North Carolina. (Chance, '85, p. 25. 
Emmons, '56, pp. 265-266. Kerr, 'C6, Jlp. 
46, 47). 

Dan river area (Emmons, '52, p. 153). 
Deep river area (Emmons, '52, Pll- 123-124). 

First Newark mountain, N. J. Boundaries of 
(Cook, '68, pp. 180-182). 

Brief description of (Russell, '78, p. 241). 
Building stone near (Cook, '68, p. 506). 
Contact metamorphism near (Cook, '87, p. 125). 
Copper ores of tl1e (Cook, '68, p. 676). 
Description of (Cook, '68, pp. 179-182. Cook, 

'82, pp. 49-52). 
Detailed description of (Darton, '90, pp. 19-32). 
Dip in (Cook, '68, p. 195). 
Dips in tile associated sandstone (Wallin~, '78, 

p. 196). 
Gaps in (Cook, '82, p. 50). 
Lower contacts of trap sheet of (Darton, '90, 

J>P· 25-31!. 

First Newark mountain, N. J.-·-Continnell. 
Origin of (Russell, '78a). 
Origin of, discussed (Wurtz, '70, p. 10). 
O•erflow origin of (W. M. Davis, '82). 
Probable faults near (Nason, '89, p. 26). 
Sketcll of faulted trap near Paterson (W. M. 

DaYis, '83, p. 30!l, pl.ll). 
Solid hydrofla.:rbon in (Russell, '78b). 
Se~, also, Watchung mountains. 

Fishers mills, S. C. Description of trap !likes 
near (Tuomey, 44, p. 11). 

Fishes, fossil. (Emmons, '57, pp. 142-145, pls. 9, 9a. 
H. D.Rogers, '58,vol. 2,pp. G!J~, 760-7Gl, 764.) 

Age indicated by (Newberry, '88, pp. 11-12). 
Description and figures of (Newberry, 'SR). 
General account of (Lyell, '66, p. 456). 
Geological position of (Newberry, '85). 
Observations on (Lea, '53, p. 193). 
Position in scheme of classification (E. ITitcb-

cock, '58, p.147). 
Progress in study of (W. C. l~edfielu, '55a). 
Remarks on (E. Hitchcock, '58, p.l44). 
Review of (W. C. Redfield, '56). 
Summary concerning (Miller, '7!J-'81, vol. 2, p. 

243). 
Fisl10s, fossil, f1·om Connecticut. Discussion 

concerning (Brongniart and Silliman, '22). 
Little falls, (C. H. S. Davis, '87, p. 21). 
Mention of (Percival, '42, pp. 1l42, 444, 446, 447• 

451). 
Middlefield (Anonymons, '38). 
South bury (E: Hitchcock, '28, ]). 228). 
Westfield (Anonymous, '38. Silliman, '21, })p. 

221, 222). 
Fisl10s, fossil, from Connecticut valley. (DaYis 

and Loper, '91. De Kay, '42. Warren, '54, 
p.42). 

Brief account of (E. Hitchcock, '23, vol. 6, pp. 
7G-79, pl. 9. E. Hitchcock, '37, p. 267. E. 
Ritcllcock, '56. E. Hitchcock, '58). 

Description of (Egerton, '4!J. Newberry, '88. 
W. C. Redfield, '41). 

Localities of (Mather, '34). 
Markings made by (E. Hitchcock, '58, pp.l44-

147, pis. 15, 16). 
Remarks on (Harlan, '34, pp. 92-94. R. D. 

Rogers, '58, vol. 2, p. 694). 
Fishes, fossil, from lllassaclmsetts. Brief account 

of (E. Hitchcock, '35, pp. 238, 339). 
Detailed account of (E. llitchcock, '41, pp. 

458-460). 
Discussion concerning (Brongniart and Silli

man, '22). 
Position of in reference to trap sl1eets (E. 

Hitchcock, '55, p. 2~6). 
Reference to (E. Hitchcock, '41, pp. 437, 438). 
Sunderland (Anonymous, '54. Silliman, '21a). 
Turners Falls (E. Hitchcock, '58, llp.145, 146). 

Fisltes, fossil, from New Jersey. Boonton (A nony
mous, '54). 

Description of (Egerton, '49. Newberry. 
Newberry, '88. W. C. Redfield, '41). 

Field's copper mine (Cook, '82, p. 51). 
List of (De Kay, '42). 
Localities of (Cook, '79, pp. 27-28. Nason, '89, 

JlP· 28-30). 



RUSSELL.] LITERATURE. 201 
Fishes, fossil, from New Jersey-Continued. 

Mention of (Cook, '68, p.174). 
Morris county (W. C. Redfield, '39). 
Pompton (W. C. Redfield, '43). 
Reference to (W. C. Redfield, '43a). 
Weehawken (Cook, '85, p. 95. Britton, '85. 

Gradacap, '86). 
Fishes, fossil, from North Carolina. Brief ac

count of (Emmons, '56, pp. 321-322. Em
mons, '57, pp. 42--44. Emmons, '57b, p. 77). 

Reference to (Cope, '75. Emmons, '52, p. 142. 
E. Hitchcock, '41, p. 440). 

Fishes, fossil, from Pennsylvania, Brief <lescrip
tion of (Lewis, '85, pp. 449-453). 

Phrenixville (Cope, '85. Lesley, '83, p. 213, 
Wheatley, '61, p. 44). 

Yerkis station (Leidy, '76). 
Fishes, fossil, from Virginia. Brief account of 

(Lyell, '47, Jlp. 275-278. Lyell, '49, p. 282. 
\\-r. B. Rogers, '43, p. 300). 

List of (Heinrich, '78, p. 264). 
Mention of (W. R Rogers, '43, p. 315. Wool

dridge, '42). 
Kote on (W. C. Redfield, '38a). 
Reference to (E. Hitchcock, '41, p. 440). 

Fiskdale, Conn. Description of trap dikes in 
primary rocks at (Percival, '4~, pp. 419, 
420). 

Five islands, N. S. Brief account of Newark 
rocks on (Honeyman, '78). 

Copper ores at (How, 03, p. 72). 
Description of (Dawson, '78, p. 101. Gesner, 

'36, pp. 259-262. Jackson anu Alger, '33, 
p. 272). 

Mention of (Marsters, '90). 
Rocks near (Dawson, '78, pp. 102- 104. Ges

ner, '36, p. 170). 
Sandstone beneath trap at (Dawson, '47, p. 52). 
Trap dikes ncar (Ells, '85, p. 7E). 

Fivemile Fork, N.J. Abandoned quarries ncar 
(Cook, '81, Jl. 55). 

Fivemlle house, Pa. Exposure of trap and saml
stone near (d'Invillicrs, '83, p. 225). 

Fivemile lock, N.J. Dip in shale at (Cook, '79, 
p. 30). 

Dip near (Cook, '68, p.196). 
Sandstone quarry near (Cook, '79, p. 23). 

Flagstone in Maryland. Brief account of (Tyson, 
'60, appendix, pp. 5-6). 

FlagstoneinNewJersey. (Cook, '68,p.521. Cook, 
'81, pp. 63-64). 

Analysis of (Cook, '68, pp. 516-521). 
Flagstone quarries in New Jersey. (Cook, '79, pp. 

20, 25). 

Flagtown, N.J. Description of Sourlan.l moun
tain near (Cook, '68, pp.l91-192). 

Description of trap, contact metamorphism, 
etc., near (H. D. Rogers, '40, pp.152-153). 

Dip near (Cook, '68, pp. 198-199). 
Synclinal axis near (H. D. Rogers, '40, p.128). 
Termination of trap ridge at (Cook, '82, p. 61). 

Flagtown, Pa. Trap near (C. E. Hall, '81, p. 80). 
Flemington, N. • Analysis of trap from (Cook, 

'68, p. 216). 
Arenaceous strata near (H. D. Rogers, '40, pp. 

123-124). 

Flemington, N. J.-Continued. 
Copper orcs at (II. D. Rogers, '40, llp.159, 160-

163). 
Description of COJlpcr mines at (H. D. Rogers, 

'36, pp. 169-170). 
Description of sandstone outcrops near (H. 

D. Rogers, '36, p. 153). 
Descrip ion of trap outcrops near (Darton, '90, 

p. 67). 
Dip at (Cook, '68, p. 197). 
Dip in indurated shale near (Cook, '82, p. 27). 
Dip in sand rock near (Cook, '82, p. 27). 
Dips near, diverse (Nason, '89, pp. 18, 19). 
Evidence of faulting near (Nason, '89, 11. 33). 
:Fossil crustaceans found near (Nason, '89, p. 

30). 
Jlr[ap showing trap outcrops near (Darton, '90, 

p. 66). 
Origin of trap rock near (Darton, '89, p. 138). 
Reference to trap rock near (H. D. Rogers, '36, 

p. 154). 
Referred to as a locality for copper ore (H. D. 

Rogers, '36, p. 166). \ 
Report on copper mine near (Dickeson, '59. 

E. and C. H. Hitchcock, '59). 
Trap ltillnear (Nason, '89, p. 3G). 
Trap intrusion ncar (H. D. Rogers, '36, p. 154). 
Trap outcrops near (Darton, '9:J, p. 70). 
Trap rock of (Cook, '82, pp. 02-63). 

F"lemington cop}Jer mine, N.J. (Cook, '68, p. 679) . 
Brief account of (H. D. Rogers, '36, p. 167). 
D escription of (H. D. Rogers, '40, pp. 162- 163). 
Trap dike at (Cook, '68, p. 204). 

l<'lorRville, N. J. Boundary of trap outcrop near 
(Cook, 'GS, p. 177). 

Indurated shale near (Darton, '90, p. 52). 

Flou~town, Pa. Brief account of trap dike near 
(C. E. Hall, '81, p. 75. H. D. Rogers, '58, 
vol. 1, p. 214). 

Description of trap dikes near (C. E. Hall, '81, 
pp. 19-20). 

Map showing continuation of trap dike near 
(C. E. Hall, '81, p. 23). 

Reference to a trap dike near (Lewis, '85, pp. 
439-441). 

Trap dikes near (C. E. Hall, '81, pp.19-20, 75). 
J<'luvannaeounty, Va. BoundaryoftheNewarkin 

(W. B. Rogers, '39, p. ~-4). 

Flying llill, Pa. Trap antl conglomerate at (ll'In
villiers, '83, pp. 203, 204, 221-223). 

Flying hill run. Description of tra}J dikes near 
(H. D. Rogers, '58, vol. 2, p. 686). 

...,oily river, N. 8. Contact of Newark and Lower 
Carboniferous near (Ells, '85, p. 48E). 

Description of Newark rocks near (Ells, '85, 
p. 7E). 

Dip at (Dawson, '78, p. 100). 
Rocks at (Dawson, '78, p. 100). 
Section at (Dawson, '47, p. 51, pl. 5\. 

Folly river bridge, N. S. Exposure of Newark 
rocks near (Honeyman, '74, pp. 345-346). 

FONTAINE, WILLIAM Dl. 1879. 
Notes on tho Mesozoic strata of Virginia. 
In Am. Jour. Sci., 3(1 sor., vol. 17, 11p. 25-39, 

151-157, 229-239. 
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FONTAINE, 1VILLUM H.-Continued. 
Reviewed by P. Frazer in .Am. Nat., vol. 

13, pp. 284-292. 
.Abstract inN cues J ahrbueh, 1881, pp. 137-138. 
Classifies and describes tho various N cwark 

areas iu Virginia, discusses tho eharacter 
and relations of their fossil plants, and 
presents t.l1eoretical considerations in ref
erence to the causes which exterminate 
the "Jurassic" flora. The ageofthetwo 
principal divisions of the Mesozoic of 
Virginia also receives attention. 

FONTAINE, WULLHI :liiORRIS. 1883. 
Contributions to tho knowledge of the Older 

Mesozoic flora of Virginia. 
Washington (Interior Dop., U.S. Geological 

Survey, J',{onograph No.6, pp. i-:xi, 1-144, 
pls. 1-54). 

Reviewccl by D. Stnr in Verhandlungen dcr 
k. k. geologischen Reichsanstalt, No. 10, 
1881!, and by J. Marcou in .Am. Gcol., vol. 
5, pp. 160-174; sec also Tho Virginjas, vol. 
6, pp. 38--40. 

.Abstract in .Am. Jour. Sci., 3(1 sor., vol. 30, p. 
162. 

Contains a sketch of tho geology of the New
ark system, pp.1-9. Describes amlfigures 
fossil plants collected mainly at Clover 
hill, Ya., and consisting principally of 
ferns. together with a few specimens of 
Equiset::c; Schizoneura, fruits of cycads, 
and some undetermined plants, pp. 10-92. 
General observations on tho relat.ion of 
the flora to that of the Trias, Jura, aml 
Rhetic of Europe, Pl'>. 92,.96. The Older 
Mesozoic flora of North Carolina, as treat
e<l in E. Emmons' ".American Geology, 
Part VI," is also presented, pp. 57-121, fol
lowed by general remarks and conclusions, 
pp. 121-128. Explanation of plates, pp. 
129-HO. 

FONTAINE, WILLIAlii 1\IORRIS. 1889. 
The Potomac or younger Mesozoic flora. 
U.S. Geol. Surv., Monog. No. 15, in two parts. 
Refers to the unconformity of tho Potomac 

with the Newark rocks 11oncath, in Vir
ginia, part 1, pp. 58-59. 

FO~TAINE, W. M. .Abstract of notes on the 
geology of Virginia. See Frazer, '82, p. 
140. 

Cited on age of theN ewark system (New berry, 
'88, p. 10). 

Cited on fossil :flora (Dawson, '88, pp. 176,246. 
Marcou, '88, p. 33. Newberry, '88. Zeil-
ler, '88). · 

Review of report on older Mesozoic flora by 
(Marcou, '90). 

Review of work by (Stur, '88). 
Fooshee, N. C. Exploration for coal near (Chance, 

'85, pp. 49-50). 
Footprints, fossil. Brief sketch of (H. D. Rogers, 

'58, vol. 2, pp. 160-761). 
Characteristics and paleontological value (E. 

Hitchcock, 'GO). 
Classification of (E. Hitchcock, '36, pp. 315-

317). 

Footprints, fossil-Continued. 
Classification of, with list of species (E. Hitch· 

cock, '44a, llp. 316-318). 
Comparative study of. (E. Hitchcock, '58, pp •. 

24-45). . 
Compared with footprints of living animals ' 

(E. Hitchcock, '41, pp. 50!-508, ph1. 49, 50, 
51). 

Comparison of, with recent footprints (Desor, 
'49). 

Credit given E . Hitchcock for the investiga
tion of (H. D. Rogers, '4-1, pp. 249-250). 

Description and illustrations (E. Hitchcock, 
'65). 

Description of species (C. H. Hitchcock '881 

pp. 123-127. E. llitchcock, ':::6, l)P. 317-
329. E. Hitchcock, '42). 

Descriptive catalogue of, iu tl10 llitchcock 
cabinet at Amherst college (C. II. Hitch
cock, '65). 

Discussion concerning (Murchison, '43). 
Discussion of the nature of (E. Hitchcork, 

'36, pp. 313-316). 
Discussion of the 1)rinciples of classification 

(E. Hitchcock, '48). 
Doubtful species of (E. Hitchcock, '65, p. 2) . 

Early observations on (Barratt, '45). 
Evidence of haYing been made on a sloping 

surface (W. B. Rogers, '42a). 
General account of (Emmons, '(;7, pp.l35-142, 

pl.7). 

Glossary of words used in description of (E. 
Hitchcock, '58, 1)· 207). 

llistory of the discovery and description of 
(E. Hitchcock, '44a). 

Illustrations of (Bouve). 
Inferences from (Cook, '68, p. 338). 
N otc in reference to the correct determination 

of (Deane, '47a). 
Number of phalanges in the toes of (Silliman, 

Silliman, jr., and Dana, '47). 
Of crustaceans (Agassiz, '58). 
Physical conditions shown by (J.D. Dana, '75, 

p.420). 
Reference to (Newberry, '88, p. 5). 
Remarks on the classification of (Cope, '69, p. 

242). 

Revised list of (C. H. Hitchcock, '71. U. H . 
Hitchcock, '88). 

Sketch of progress in the study of (Warren, 
'55). 

Species of, not reliable (E. Hitchcock, '65, p. 2). 
Statements in reference to the nature of (J.D. 

Dana, '65). 
Table showing classification of (E. Hitchcock, 

'48, pp.165-168). 

Footprints, fossil, from Connecticut. Additional 
localities (E. Hitchcock, '37b). 

Greenfield, description of (Field, '55). 
Middletown, mention of (.Anonymous, '38a. 

Barratt, '37). 
Reference to (Adams, '4Ga. Silliman, '37). 

Footprints, fossil, from tho Connecticut valley. 
.Account of (Danbcrry, '39, pp. 19-21. Deane, 

'Gl. LeConte, '82, l)j_). 253-257). 
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FootiJrints, fossil, from the Connecticut valley -
Continued. 

Brief account of (Adams, '4G, pp. 101 -102 . 
Deane, '42. E . Hitchcock, '37, pp. 271-273. 
E. Hitchcock, '55a., pp. 181-189. E. Hitch
cock, '5G. E. ITitchcock, '58, p. 173. Le 
Conte, '84, p. 327. Lyell, '66, pp. 453-456. 
Lyell, '45, vol. 1, pp. 252-255. Lyell, '71 , 
p. 361. Mantell, '43. Murchison, '43a. 
Macfarlane, '70, p . 63 . Owen, '43. Owen. 
'59, pp. 181, 182, 324- 327. Pictet, '53. 
Shaler, '85, pp. 218-21!! . Steel, '74, pp . 
184-185). 

Classification of (E . Hitchcock, '37, p . 273) . 
Conclusions from study of (E. Hitchcock, '58. 

pp. 172-175. 
Crustaeeans (Dana, '58a. Leidy , '58). 
Description and figures of (Deane, '49). 
Description and figures of many genera and 

specie!'! (E . Hitchcock, '48). 
Description of (Deane, '45d. E. Hitchcock, 

'5Ga. E. Hitchcock, '58). · 
Discussion as to the nature of the animals 

that made them (Field, '60) . 
Disoussion of the conditions under which they 

w ere formed (E. Hitchcock, '47 , pp. 5G-57). 
First discovery of (Mackie, '64). 
General account of (Emmons, '46, p . 201. 

Deane, '43). 
Illustrations of (Gray ancl Adams, '60, pp. 

247-252). 
Insects (Warren, '55). 
List of (E. Hitchcock, '37a). 
Localities of (E. Hitchcock, '-1.8, pp. 131-132 

E . Hitchcock, '58. pp. 45-50 . D. Marsh, '4ll). 
Marsh cited on tho reptilian character of 

(Hull, '87, p. 86), 
New facts concerning (E. Hitchcock, '63). 
Notice of discoveries of (W. C. Redfield . '38) 
Popular account of (E. Hitchcock, '58, pp. 

175-190. Russell. '77. Winchell, '70, pp. 
180-187). 

Position of, in the strata (E. Hitchcock, '58, 
p . 20). 

Priority of discovery of (Bouvti, '59 . Deane, 
'44a. Deane, '44b . E . Hitchcock, '44d . 
E. Hitchcock, '58, pp. 191 -199. W. R 
Rogers, '59). 

Probable reptilian or mammalian character of, 
brief remarks on tl1e (Field, '60). 

Reasons for doubting that they were made by 
birds (L. Agassiz, '55). 

Remarks on (H. D. Rogers, '58, vol. 2, p . 694) . 
Review of tho controversy concerning the dis 

covery of (E. Hitchcock, '44a). 
Revised classification of (Cope, '611, p. 242• 

E. Hitchcock, '45). 
Synnpsis of (E. Hitchcock, '58, p.174). 
Tablo showing characteristics of (E . Hitch

cock, '58, pp. 201-205). 
Table sl1owing measurements of (E . Hitch· 

cock, '48, pp.181, 191,196, 211, pl. op. p. 256). 

Thickness of rocks containing (H. D. Rogers, 
'56, p. 32) . 

Upheaval of sandstone strata since the origin 
of (E. Hitchcock, '55, p. 226). 

Footprints, fossil, from Massachusetts. Condi
tions under which they were made (E. 
Hitchcock, '41, pp. 512-513). 

Description of (E. Hitchcock, '47 . E. Hitch
cock' '58. Warren, '55, pp. 305-306). 

Description of five new species from near 
Turners Falls (E. Hitchcock, '43a, J>. 254). 

Detailed account of (E. Hitchcock, '41, PJJ. 
464-525, pls. 30-51). 

Doubtful origin of (E. Hitchcock, '41 , p. 501). 
General account of, with description nml fig 

ures of species (E. Hitchcock, '36) . 
General description of a small slab of (Man

tell, '46). 
General description of the nature and situa

tion of (E. Hitchcock, '41, pp. 467-474, lJls. 
30-49). 

Greenfielll (Field, '56), 
In state cabinet (E. Hitchcock, '59). 
Localities of (E. Hitchcock, '41, pp. 465-467). 
Manner in which they succeed each other (E. 

Hitchcock, '41, pp. 517-518, pl. 4 7-51). 
Mention of (Packard, '71). 
Position of, in reference to trap sheets (E. 

Hitchcock, '55, p . 226) . 
Quadruped from Turners Falls (Deane, '48). 
Remarks upon (E. Hitchcock, '45c). 
Showing a succession of tracks (E. Hitchcock 

'41, pp. 500-501, pls. 47, 48, 49) . 
Specific description of (E. Hitchcock, '41 . pp. 

474-501). 
Summary of species of (E. Hitchcock, '41, p. 

499). 
Turners Falls . description of (Deam'. '45. 

Deane, '47 . Deane, '50. Doane, '56. C. 
H . Hitchcock, '66). 

Footprints, fossil from New Jersey. (Cook, '79, 
p. ::8). 

Boonton (Russell, '791. 
llriefreferenceto (W. C. Redfield , '43a) . 
DeHcription of the occurrence of (W. C. Red-

field, '43). 
Geological museum nt '.I'renton (Cook. '79. p. 

28). 
Location where found (Nason. '89. p . 28). 
Mention of (Emmons, '46, }J. 201) . 
Mention of localities of (Russell, '78. p. 225). 
Milford, brief description of (Eyenuan, '86) . 
List of, see Eyerman. '89 . 
New Vernon , mention of (Cook , '85, p. 95). 
Popular aecount of (Russell, "i7). 
Reference to the discovery of (E. Hitchcock, 

'43a, I> · 2551. 
Remark on (C. H. Hitchcock. '89) . 
Weehawken (Gratacap. '86) . 
Whitehall. mention of (Cook, '85. Jlp. 95-96). 

Footprints, fossil, from New York. State cabinet 
(Anonymous, '54). 

Foot(Jrints, fossil, from Pennsylvania. At Easton 
(Cook, 85, p . !J5). 

Goldsboro (Wanner, '89). 
Names gh-en to (Lea, 56, p. 78). 
Phamixville (Jones, '62, p . 95. Wheatl~y. '61, 

p. 45) . 
Remarks on (C. H . Hitchcock, '89) . 
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Footprints of existing reptiles for comparison 
with fossil footprints . (Deane, '61. p. 44, 
pls. 21, 22). 

Forestville, Conn. Sandstone quarries near (Sha 
ler, '84, p. 127). 

Forestville, Pa. Trap dike near tLewis. 'R5, P· 
447). 

}'ort Hale, Conn. Description of trap ridges near 
(PerciYal. '42 . p. 329). 

Fort H:1ns, N.Y. Boundary of trap near (Cook, 
'68, p. 192). 

Elevation of Sourland monntain at (Cook, '68, 

}J . 191) . 
Fort Lee, N. J. Boundary of t.mp outcrop at 

(Cook, '68, p . 177). 
Character of trap ridge uear (Darton, '90. pp. 

38, 47-48). 
Contact metamorphism at (Cook, '68, p . 208). 
Copper oro under trap at (Cook. '68, }). 676). 
Description of geology near (W. M. Davis . 'S:l, 

Jlp. 269-271). 
Description of sandstone and conglomerate 

near (Cook. '68, p. 208). 
Dip at (Cook. '68, p.l95). 
Dip in sandstone at (Cook, '79, p. 30. Cook, 

'82. p. 24). 
General account of geology JH~ar (Pierce, '20, 

pp. 182- 1841. 
Section of the Palisatlcs south of (Cozzens, '43, 

Ill. 2). 
Trap ridge near (Darton, '90, pp. 47-48) . 

Fort Washington, Pa. Boundary of the Newark 
ncar (C. E. Hali , '81. . p . 75. Lesley, '85, 
p. lxxxi). 

Conglomerate at (C. E. Hall, '81, p. 24). 

FOSTER [J. W.]. 18ol. 
[Remarks on the geological position of the 

Newark system and on the structure of 
th.e Connecticut valley sandstone.] 

In Am. Assoc. Adv. Sci., Proc., vol. 5, p. 46. 
Abstract in Anu. Sci. Discov., 1852, p. 260. 
Remarks on a }Japcr by W. C. Reclfield, in 

reference to thcageoftherocks mentioned, 
as indicated by Rtratigraphy. Discusses 
also the cYiclence of an unconformity m 
the sandstones of the Connecticut valley. 

t'OSTE R, J. W. 1869. 
The Mississippi Yalley , its physical geog

raphy. [etc.]. 
Chicago ancl Loudon. pp. i-xvi, 1-443. 
Contains a brief account of the Newark sys· 

tem, p . 306, and a geological sketch map of 
the United States, pl. op. p. 273. 

Fountainville, Pa. Trap dikes near (Lewis, '85. 
p. 453). 

Franklin, N. J. l3ore(l well at <Cook, "85. pp. 
117-118). 

Oolite at (Eaton. '30) . 
Franklin copper mine, N. J. Description of 

(Cook, '68, p . 679. II. D. Rogers, '36, p . 
168. IT. D. Rogers, '40, p. 161) . 

Franklin county, l'lass. A study of stratigraphy 
in (Walling. '78). 

Franklin county, Pa. Geological map of tSan· 
dcrs, '81l. 

Report on the geology of (Frazer. '77). 

Franklin lake, N.J. Boundary of Second moun 
tain. tra}J near (Cook, '68. pp. 183, 184). 

Dip in sandstone at (Cook, '82. p. 30). 
Dip near (Cook, '68, p. 199). 
Sandstone quarry at (Cook, '79, p. 22). 
Trap hill near (Cook, '82, p. 49). 

Franklintown, Pa. Catalogue of specimens of 
sandstone, etc., near (Frazer, '77, pp. 332-
381). 

Concerning the mines at (Frazer. '77c, pp. 654-
655). 

Isolated area of schist in Newark rocks near 
(Frazer, '77c, p. 051). 

Mention of varions rock specimens from near 
(C. E. Hall, '78, pp. 33-36). 

Section from near, to ·wells ville (Frazer, '77. 
pp. 271-273, IJl. op. p. ~72) . 

FRAZER, PERSIFOR, Jr. 1814. 
' \Veathering of rocks [at Gettysburg, Pa.]. 

In Philadelphia .Acad. Nat. Sci .. P"oC., vol. 
26, p. 228. 

Brief description of the weathering of trap 
rock (syenite) at Gettysburg. 

FRAZER, P[ERSIFOR], Jt·. lSHa. 
On exfoliation of rocks near Gettysbiug. 
In Am. Phil. Soc .. ]>roc., vol. 14, 1874-1875, 

llP· 295- 297. 
Describes the weathering of traprock (syenite) 

near Gettysburg, P:t. 
FRAZER, PERSIFOR. 1875. 

On !:!Ollie thin sections of the Lower Paleozoic 
and Mesozoic rocks of Pennsylvania. 

In Am. lust. Mining Eug., Trans., vol. 3, pp. 
327-328. 

Brief general statement of the results of an ex
amination of thin sections of sandstone and 
trap from York and Adams cotmties, Pa. 

FRAZER, PERSIFOR. 1875a. 
On the traps of the Mesozoic sandstone in 

York and Adams counties , Pa. 
In Am. Philo. Soc., Proc., vol. 14, 1876, pp. 

402-414, pls. 1-4. 
Discusses the chemical composition and opti

cal properties of certain trap rocks from 
West Rock, Conn., and from near York, 
Gettysburg, and Dillsburg, Pa. ]>resents 
com}Jlete analyses of trap from West 
Rock and from near York. 

FRAZER, PERSIFOR. 1876b. 
[Comparison of microscopical section and 

fragments of trap from ncar Gettysburg. 
Pa., with similnr samples~<tncl sections of 
the trap rocks of Connecticut.] 

In Am. Philo . Soc., Proc. , Yol. 14, pp. 430-431. 
Presents the results of the comparison indi

cated in tho title. 
FRAZER, PERSIFOR. 187oc. 

On the Trias of York county. Pa. 
In Philatlelphia Acacl . Nat. Sci. , Proc .. vol. 

27, Jl. 123. 
J3rief remnrks on the dip of Newark strata 

and on the unconformity of Newark and 
Silurian rocks in York county, P:~. 

FRAZER, PERSIFOR, Jr. 187lid. 
On the Mesozoic reel sandstone of the Atlantic 

states. 



RUSSELL.} LITERATURE. 205 

FRAZER, PERSIFOR, Jr.-Continued. 
In Philadelphia Acad. Nat. Sci., Proc., Yol. 

27, pp. 440-442. 
General considerations relating to tho prolJ· 

lems presented by the Newark system. 

FRAZER, PERSIFOR, Jr. 1876. 
Second geological survey of Pennsylvania, 

1874. Report of vrogress in the district 
of York and Adams counties [etc., etc.]. 

Harrisburg, 18i6, 'I"Ol. C. pp. i-viii, 1-Hl8, with 
10 plates and ma11s. 

Contains brief reports of observation ou 
boundaries, dip, trap dikes, etc., pp. 71, 
88-80, !ll, !l2-93, 94, 95 , 101, 102, 103, 122-129, 
152, 153, 15!l, 160, pis. op. pp. 64, 92, 94 , 112, 
128, l!l6. 

FRAZER, PERSIFOR. 1876a. 
Geological map of Adams county, Pa. 
See Lesley and Frazer, 1876. 

FRAZER, PERSIFOR, ,Jr. !SiGh. 
Notes on two traps; a case of alteration of 

earthy sediments. 
In Philadelphia Acad. Nat. Sci., Proc., vol. 

28, p. 60. 
Describes the appearance of a sandstone that 

has been altered by a trap intrusion. 

FRAZER, PERSIFOR. 18i6c. 
Notes on some Paleozoic limestones. 
In Philadelphia Aoad . Nat. Sci. , Proc., vol. 

28, pp. 60-63. 
Gives an analysis of limestone from the New-· 

ark system at Dillsburg, Pa., p. 63. 

FRAZER, PERSIFOR. 1876<1. 
A study of the specular and magnetic iron 

ores of the New Red sandstone in York 
county, Pa. 

In Am. Ins-t. Mining Eng., Trans., vol. 5, pp. 
132-143, pl. 2. 

Describes the character and mode of occurenco 
of certain iron ores and of associated trap 
dikes near Dillsburg, J>a. 

FRAZER, PERSIFOR. 18i6e. 
A study of the igneous rooks. 
In Am. Inst. Mining Eng., Trans., vol. 5, pp. 

H4-146. 
Gi,'es the mineralogical composition of anum

ber of trap rooks from Adams and York 
counties, PennsylYania, p. 146. 

FRAZER, PERSIFOR, Jr. 1877. 
Second _geological survey of Pennsylvania, 

18i5. Report of })rogress in the counties 
of York, .Adams, Cumberland, and Frank
lin [etc., etc.]. 

Hanisburg [vol. CC], pp. 201-401, and 17 plates 
and maps. 

Contains a detailed account of tl1e Newark 
system in the counties mentioned, with 
special reference to the deposits of iron ore 
and to trap rocks. A large nnrnher of ob
servations of dip are recorded. pp. 206-230. 
239-317, 348-381, pl. op. pp. 232, 264, 2i2, 
274, 298, 304, 328, and map. 

FRAZER, PERSIFOR. 187'i'a, 
Tlte position of tbe .Aruericall New Red sand

stone, 

F'IL\ZER, PERSIFOit- Continued. 
In Am. lust. Mining Eugi., Trans., Yo!. 5, pp. 

4!l4-501. 
Hcviewed hy P. Frazer in Am. Nat., vol. 13, 

pp. 284-292. 
Compares a section of tho Newark rocks in 

.Adams county, I'cnnsy!Yania, with gen
eral sections of the Permian, Triassic, aml 
Jurassic rocks of England and Germany. 

FRAZER, PFRSIFOR, Jr. 18i7b. 
On copper-bearing rocks of the Mesozoic for

mations. 
In Plriladclphia A.cad. Nat . Sci., I'roc., vQ). 

2!J, pp.li-l!l. 
Describes the occnrrenco of copper ore at 

.Bonnaugh ton, near Gettysburg, l'a. 

FRAZER, PERSIFOR. S'i"i'c. 
Regarding some l\Icsozoic orcs. 
In American Phil. Soc., Proc., vol. IG, pp. 

651-G55. 
Mentions outliers of sehist in Newark areas, 

aucl also outliers of Newark rocks in the 
bordering crystalline rocks of Pennsyl
vania. Considers the mode of formation 
of tlJC Newark sandstones, allll ach·ances 
a hypothesis to account for tho ores they 
contain. 

FRAZER, P. 1877d. 
[Remarks on the Newark Rystem in Pennsyl· 

vania.J 
In Am. Phil. Soc., Proc., vol.l - 16, p. 664. 
Brief abstract of remarks concerning tho ori

gin of the prevailing dip of tho Newark 
rocks, and tbe occnrrenco of tron orcs as 
a definite lino in both the Newark and 
adjacent terranes. 

FRAZER, PERSIFOR, Jr. 1878. 
On the physical and chemical characteristics 

of a trap occurring at "Williamson's Point 
[Pennsylvania]. 

In American Phil. Soc., Proc., yo]. 18, 1880, 
pp. 96-103, and pl. op. p. C6. 

Discusses tho optical properties and t be chem
ical and mineralogical composition of trap 
from tho locality mentioned, anrl}Jrescnts 
a complete analysis of it. The colored 
plate accompanying tlli>i paper shows tho 
appearance of a thin section of the trap in 
polarized light. 

FRAZE!~, PERSIFOR, Jr. 1879. 
The Mesozoic sandstone of the .Atlantic slope. 
In Am. Nat., vol. 13, pp. 284-292. 
A review of tho following paper on the forma

tion mentioned : "The position of tho 
AmericanN ew ned sandstone," by Persifor 
Frazer, jr.; "Tho Mesozoic formation of 
Virginia, ·• by OswaldJ. Heinrich; "Notes 
on the Mesozoic of Virginia," hy 'iVm. M. 
Fontaine, and·' The physical history of the 
Triassic formation of New Jersey an tl the 
Connecticut valley," by I. C. Russell. 

FRAZER, PERSIFOR, Jr. 1880. 
Secoml geological san•oy of Pennsyh·ania. 

Report of progress in 1877. CCC. The 
geology of I.ancaster county. 
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FRAZER, PERSIFOR, Jr.-Continueu. 
Harrisburg, pp. i-x, 1-350, with 12 plates and 

an atlas of 13 slleets of maps anu sections. 
Contains a detailed description of the uoun· 

daries of the Newark system and of local 
features of the sandstone, conglomerate, 
trap dikes, etc., composing the system, in 
the county mentioned. 

FRAZER, PERSIFOR. 1882. 
Memo ire sur la geologie de la partie sud-est de 

la Pennsylvanie. In Theses 11rcsentees a 
la Faculte des Sciences de Lillo Universit6 
<le France pour obtenir le grade de doc
tour es-sciences naturelles. Lille [France], 
4to, pp. 1-17!l, and 4}Jlates. 

Contains a description of the Newark system 
in Pennsylvania. Describes the extent of 
the system, its geological position, the 
character and origin of the copper and iron 
orcs it contains, aud also the extent and 
character of the trap rocks that traverse 
it. Discusses briefly the origin of the red 
color of the Newark sandstone. Gi'ves 
analyses of copper aml iron ores, and of 
trap rock. Tho geological map shows the 
distribution of stratified and igneous rocks 
of .Adams and Lancaster counties. 

FRAZER, PERSIFOR. 1883. 
Geological notes in the several townships of 

Chester county [Pa.]. 
In second geological survey of Pennsylvania, 

yo}. C ', pp. 215-2<15 and maps in pocket. 
Preliminary remarks on the varieties of rock 

in Chester county, including the sand
stone, shale, and trap, p. 219. Distribu
tion and general character of the Newark 
in various towns, pp. 220, 221, 222, 223, 224, 
226, 235, 236, 244. 

FRAZER, PERSIFOR. 1884. 
Trap dikes in .Archean rocks of southeastern 

Pennsylvania. 
In .Am. Phil. Soc., Proc., vol. 21, pp. 691-694, 
A review of a paper by II. C. Lewis, on ''.A 

great trap dike across southeastern Penn
sylvania." See Lewis, 1885. 

FRAZER, PERSIFOR. 1885. 
General notes, sketch of the geology of York 

county, Pa. 
In .Am. Phil. Soc. Proc., vol. 23, 1886, pp. 

391-410, and a map. 
Describes the extent and character of the 

Mesozoic rocks of York county, Pa. 
Discusses the evidence of their thickness 
and quotes E. D. Cope, in reference to 
their age. 

FRAZER, P. Cited on amount of iron in trap 
rocks (Russell, '89, p. 51). 

Cited on composition of trap rocks (W. M. 
Davis, '83, p. 284). 

Cited on a great trap <like in southeastern 
Pennsylvania (Lewis, '85, p. 456). 

Cited on intrusive trap sheets in Pennsyl
vania (W. M. Davis, '83, p. 204). 

Cited on iron-ore mines near Dillsburg, r•a. 
(d'Invilliers, '86, ~P· 1502), 

FRAZER, P.-Continued . 
Cited on trap dike in Pennsylvania (Lewis, 

'85, p. 444. Macfarlane, '79, p. 43). 
Frederick, ltld. .Account of a search for coal near 

(Ducatel, '37, p. 36). 
Occurrence of conglomerate south of (Lea, 

'53, p. 190). 
Potomac marblo from (Shaler, '84, p. 177). 

Freedman ford, Va. Boundary of Newark near 
(Heinrich, '78, p. 235). 

Freetown, P. E. I. Limestone ncar (Dawson and 
Harrington, '71, p. 34). 

French cove, N. S. Minerals of (Gesner, '36, pp. 
197, 198). 

French rross, N. S. Description of (Gesner, '36, 
pp. 196-1()81. 

French cross cove, N. S. Description of (Jack
son and .Alger, '33, }1Jl. 248-251). 

Frenchtown, N.J. Detailed description of sand· 
stone and shale near (H. I>. Rogers, '36, 
pp. 151, 152). 

Dip near (Cook, 68, p. 198). 
Dip of r ed shale near (Cook, '79, 11. 2'J. Cook, 

'82, p. 27). 
FreHh Kills, N. Y. Trap roek at (Cook, '68, p. 

178). 

Fritz mill, Pa. Detailed account of dit•s near 
(d 'Im·illiers, '83, p. 212). 

Fritz island, Pa. Conglomerate from (tl'Im·illiers, 
'83, p . 392). 

. !<'ritz island mine, Pa. Detailed account of (tl'In
villiers, '83, pp. 333- 342). 

GABB, WM. M. 1860. 
Description of new species of fossile, probably 

Triassic, from Virginia. 
In Philadelphia .Acad. Nat. Sci., Jour., n. s., 

YO!. 4, 1858-1860, pp. 307, 308. 
Describes several species of mollusks from 

Bath county, Va. [Do not belong to the 
Newark system]. 

GADB, WM. M. 1861. 
Illustrations of some fossils described in the 

Joroceedings of the [Philadelphia] .Acad
emy of Natural Science. 

See Conrad and Gal.Jb. 
(1abel hill, Pa. Dip near (d'Invilliers, '83). 

Trap dike (!l'Invilliers, '8:1, pp. 200, 201). 
Gabel mine, Pa. .Anal.rsis of ore from (d'In

villiers, '83, pp. 331-333). 
Detailed account of (d 'Invilliers, '83, pp. 327-

333, maps in atlas). 
Hale,(-). C1ted on fossil fish from New Jer

sey (W. C. Redfield, '39). 
Cited on the discovery of fossil fishes in New 

Jersey (Silliman, '39). 
Galla~t point, P. E. I. .Analysis of limestone from 

(Dawson and Harrington, '71, p. 41). 
Anticlinal at (Dawson and Harrington, '71, p. 

16). 
Description of (Dawson, '78, p. 116). 
Description of fossil wood from (Dawson, '54). 
Dip at (Dawson, '78, p. 116). 
Fossil plants from (Ba.in and Dawson, '85, pp. 

156-158. Dawson and Harrington, '71). 
Fossil wood on (Dawson, '78, pp. 117, 118). 
Reference to geology of (Chapman, '76, p. 92). 
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Gallas point, P. E. I.--Continued. 
Section on (Dawson and Harrington, '71, p. 

14). 
Section through (Dawson and Harrington, 

'71, pl.-). 
Gap nlrkel mine, Pn. Description of trap dike 

near (Frazer, '80, p. 30). 
Gardenville, Pa. Trap dikes near (Lewis, '85, 

pp. 453, 454). 
Gardner's, N. C. Explorat-ion for coal near (Chance, 

'85, p. 46). 
Gardner creek, N. B. Age of rocks at (Bailey, 

'65, p. 13, 124). 
Dip at (Matthew, '63, p. 256. Matthew, '65, 

p. 124). 
Erosion at (Gesner, '41, p. 15). 
Extent of the Newark rocks at (Dawson, '78, 

p.109). 
Fossil wood from (Dawson, '63). 
Geology of (BaileY, '72, pp. 217,218. Matthew, 

'65). 
Section near (Gesner, '41, p. 14). 
Unconformity at (Matthew, '63, Pll, 256,258. 

Matthew, '65, p. 125). 
Garrf!t rock, N. J. Boundary of first mountain 

trap ncar (Cook, '<iS, p. 181). 
Colurnnar trap (Cook, '84, p. 27). 
Elevation of (Cook, '82, p. 49). 
Fault near (Cook, '83, p. 25. Dart(m, '90, p. 

23). 
Lower contact of trap at (Darton, '!JO, p. 30). 
Thickness of W atch1mg trap sheet at (Darton, 

'90, p. 21) 
Gas pustules on sandstone of Connecticut 

Yalley (E. Hitchcock, '58, p. 168, pl. 55). 
Gates mountain, N. S. Description of (Jackson 

allll Alger, '33, pp. 245, 246). 
Rocks of (Gesner, '36, p. 225). 

Gates pier, N. 8. Description of (Gesner, '36, pp. 
194,195). 

Gaylord's mine, Conn. Description of trap ridges 
near (Percival, 42, pp. 403, 404). 

Gaylor mountain, Conn. Account of (Davis and 
Whittle, '89, pp. 105,106). 

Account of trap sheets near (Davis and Whit
tle, '89, pp. 116-118). 

Contact of trap and sandstone near (W. M. 
Davis, '89b, _p. 25). 

Observations on the origin of (Davis and 
Whitth·, '89, pp. 117-118). 

Soft strata resting on traJI sheet of (Davis and 
Whittle, '89, p. 103). 

GEIKIE, ARCHIBALD. 1882. 
Text-book of geology. 
Lonuon, pp. i-xi, 1-971, pl. 1. 
Contains a condensed resume concerning the 

Triassic and Jurassic systems in North 
America, pp. 770, 800, 801. 

GEIKIE, J. Cited on the faulting of a t.rap dike 
in southeastern Pennsylvania (Frazer, '84, 
p. 691). 

GEINITZ [H. B.]. Cited on the age of the New
ark rocks of Prmce Ell ward island (Daw
son, '74, p. 210). 

Geneva, Ga. '.rra11 uike:; near (Loughridge, '84, 
Jl· 279). 

Genito, Va. Boundary of the Newark near (W. 
B. Rogers, '40, p. 71). 

GENTH, F'. A. 1871. 
On the mineral resources of N erth Carolina. 
In Franklin Inst. Jour., vol. 62 (Dec., 1871). 
Describes briefly the coal and coal fields of 

North Carolina. 

GENTH, FREDERICK A. 1881. 
Analysis of minerals and rocks from Bucks, 

Montgomery, an<l Philadelphia counties, 
Pa. 

In Second Geological Survey of Pennsy 1 vania, 
report of progress, vol. CC, pp. 94--136. 

Contains analysis of trap rocks from New 
Hope, Mount Pleasant, Quakertown, 
Brownsburg, etc., and an analysis of lime· 
stone from Morrisville, Pa., pp. 94--99, 111, 
133-134. 

GF;NTH, F. A. Analysis of coalfrom North Car
olina (Williams, '85, p 59). 

Analysis of iron ores (d'Invilliers, '88, pp. 
338-339). 

Analysis of iron ore by (Kerr, '75, p. 232). 
Analysis of trap from the Cornwall iron mines, 

l'a. (Lesley an<l cl'Invilliers, '85) . 
Analysis of trap from near Gettysburg, Pa., 

by (Frazer, '77, pp. 309-312). 
· An analysis of trap from Williamsons point., 

Pa. (Frazer, '78). 
Analysis of trap rock from Gulf Mills, Pa. (C. 

E. Hall, '81, pp. 133, 134). 
Analysis of trap rock from near York, Pa., 

by (Frazer, '75a, pp. 408-409). 
Analysis of trap ruck fruru Point rleasant, 

Pa. (Lewis, '85, p. 454). 
Citeu on analysis of coal from Gulf, N. C. 

(Chance, '85. p. 42). 
Optical properties of trap (Frazer, '76, p. 122). 

GENTH, F. A., aml W. C. KERH. 1881. 
The minerals and mineral localities of N ortb 

Carolina. Being chapter 1 of the second 
volume of the Geology ofNort.h Carolina. 
Raleigh, pp. 1-122. 

Describes anthracite, bituminous coal, and 
lignite or brown coal of North Carolina, 
pp. 82-83. 

George island, P. E. I. Joints on (Dawson and 
Harrington, '71, p. 21). 

Small dike of trap on (Dawson and Harring
ton, '71, p. 21). 

Georgia. Brief account of trap <likes in (Hender
son, '85, p. SR. T. P. J' ames, '76, p. 38 and 
map . Little, '78, p. 14). 

Mention of trap dikes in (Bradley,· '76). 
Newark rocks in (Loughridp:e, '84, 11. 279). 

Georgetown, Va. Detailed description of geology 
near (\V. B. Rogers, '40, p. 67). 

Germanton, N. C. Boundary of Kewark near 
(Mitchell, '42, pp. 3G, 133): 

Brief account of coal near (McGehee, '83, p. 
76). 

Building stone near (Olmsted, '27. J1.126). 
Coal at (Emmons. '56, pp. 259-260. Ken;., '75., 

p.l45. Olmsted, '27, p.l26). 
Conglomerate at (Em~s, '56, Jl. 25<i). 
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Germanton, N. C.-Continued. 
Dip of sandstone with coal at (McLenahan. 

'52, p.170). 
Fossil plants from (Emmon~. '57, pp. 27, 28, 

145). 
Fossil tree trunks at (Emmou~, 'G6, p. 256. 

Kerr, '75, p. 143). 
Fossil woocl near (Olmsted, '27. p.127). 
General section of Newark rocks near (Jones, 

'62, p 89). 
Newark rocks near (Macfarlane, '77, pp. 527, 

528). 
Saurian remains from (Emmons, '57, p. 145). 
Section at (Emmons, '56, pp. 259-260). 
Section of shale and coal at (Emmons, '52, p. 

152). 
Southern limit of Newark area near (Olmstecl, 

'27). 

Germantown, N.J. Boundaries of Newark sys
tem near (Cook, '89, p. 11). 

On the occurrence of conglomerate at (Lea, 
'53, p.190). 

Germantown, Va. Boundary of Newark near 
(Heinrich, '78, p. 235). 

Detailed description of geology near (W. B. 
Rogers, '40, p. 67). 

Gerrish mountltin, N. S. Brief accOtmt of trap of 
(Honeyman, '74a). 

Copper at (Dawson, '78, p. 102). 
Height of (Dawson, '78, p.101). 
Iron at (Dawson, '78, p. 102). 
Reel sandstone and conglomerate beneath 

amygdaloid at (Dawson, '47, p. 52). 
Traces of plants near (Ells, '85, p. 7E). 
Trap on sandstone and conglomerate at (Daw

son, '78, p. 101). 

GESNEU, ABRAHAlll. 1836. 
Remarks on the geology and mineralogy of 

Nov a Scotia. 
Haljfax, N. S. 12mo, pp. i-xl, 1-265, pl. 2 ancl a 

map. 
In this report pages 71- 101 aro devoted to a 

descnption of the "red sandstone dis. 
trict," in which the author includes the 
Newark areas proper, and also much of 
the region about the basin of Mines, which 
is now known to be Carboniferous (see 
map accompanying Dawson's Acadian Ge
ology). Pages 169-265 are devoted to :~ 

description of tho 11 trap district,'' in which 
all tJJCtrap outcrops of tho province receive 
attention. In this portion of the report 
considerable space is devoted to the de
scription of the occurreucc of minerals in 
the trap. 

GESNER, ABRAHAlU. 1839. 
First report on the geological survey of the 

province of New Brunswick. St. John 
[N. B.], 12mo, pp. 1-87. 

Devoted principally to a description of the 
geology of the coast of New Brunswick 
between St. Andrews and St. John. Iu 
this amlin four subsequent reports by tho 
same author the New·ark and other sys
tems have not. been separately described, 
but treated aAlew reel sandstone. For 

OESNER, ABRAHAM-Continued. 
this reason bnt few references to the re
port in question willbo foun<l in this cata
logue. For more recent reports on the 
region roferred to see "Observations on 
the geology of southern New Bruns
wick," by L. W. Bailey, 1865, and a report 
on the new red sandstone or Trias in the 
same volume; also geological map accom 
pa.nyingJ. W. Dawson'sAcadianGeology, 
and "'Map of the Dominion of Canada, 
1842 to 1882," accompanying a" Dcscrip
ti ,.e sketch of the ph_ysical geography and 
geology of the Dominion of Canada, ·• by 
A. R. C. Selwyn and G. M. Mason, Mon
treal, 1884. 

GESNJm, ABRAHAJU. 18-10. 
Seco1111 report 011 thfl geological survey of the 

Province of Now Brnnswick 
St. John [N.D.], 1::lmo, p. i-xii, 1-72. 
Contains a description of the Newark rocks 

of Quaco Head. Other localities where 
r0ck is folmd supposed by Gesner to be· 
long to the Newark system arc alRo de
scribed. {See Gesner, '39). 

GESNER, ABRAHAM. 18H. 
Third report on the geological survey of the 

province of New Brunswick. 
St. John [N. B.], 12 mo, pp. i-xiv, 1-83. 
Contains brief accounts of the Newark rocks 

at Quaeo and Red Heads and describes 
several other loealities where rocks which 
Gesner supposes to be of the same age 
occur, pp. 14, 15, 16, 33. 

GESNER, ABRAHAlU. 1842. 
Fourth report on the geological survey of the 

Province of New Brunswick. 
St. John [N. B.], 12 mo, pp.l-101. 
Contains brief references to Rtrat;t that are 

called New Red sandstone, pp. 64, 88. 

G};SNER, A. 1843. 
A geological map of Nova Scotia, wit·h ac

companying memoir. 
In London Geol. Soc., Proc., YO!. 4, 1845, pp. 

280-281, and map. 
l'escribes briefly the red sandstones and 

shales south and east of the basin of 
Minas, a11d the iutrnsiYe igneous rocks 
southeast of the bay of Fundy. States 
that the sandstone& underlying and bor
dering tbe igneous rocks mentioned belong 
to the Old Red sandstone, p. 190, and map. 

GESNER, ABRAHAM. 1843a. 
Report on the geological survey of the Prov

ince of New Brunswick, with a topo
graphical account of the public lands, and 
the district explored in 1842. 

St. .Tohn [N. B.], 12 mo. pp. 1-88. 
Contains a table showing the geological posi

tion of the retl sandstone (Nflwark) aml 
the character of tho strata composing it. 
Also an account of tl1e rocks referred to 
the New Reel sandstone period, pp. 54, 
61-63. 

GESNER, ABRAHAM. 1849. 
The industrial resources of Nova Scotia. 
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GESNER, .ABR.AHA:U:-Continued. 
Halifax, N. S., pp.1-111, 1-341, 1-17, 1-4, map 

and plate. 
Contains a brief account of the Newark sand

stones and trap rocks of Nova Scotia. 

GESNER, .A. Cited on age of the Newark rocks 
of Nova Scotia (Dawson, '78, p.109). 

Cited on age of theN ewark system (Lea, '58). 
Cited on geology of Blomidon, N. S. (Marsters, 

'90). 

Gettysburg, Pa. .A.nalysi~ of trap from near 
(Frazer, '77, pp. 309-312). 

Boundary of trap near (H. D. Rogers, '58, vol. 
2, p. 690). 

Catalogue of specimens of trap rocks, etc., 
from near (Frazer, '77, pp. 332-381). 

Conglomerate near (H. D. Rogers, '58, vol. 2, p. 
684). 

Contact metamorphism ncar (H. D. Rogers, 
'58, vol. 2, pp. 688, 689, 692). 

Copper ore near (Frazer, '80, p. 300 Frazer, 
'82, pp. 131, 132). 

:Exfoliation of trap rock near (Frazer, '74a) . 
Exploration for ore near (Frazer, '77, pp. 263-

264). 
Mention of trap and other rock specimens 

from (C. E. Hall, '78, pp. 27-68). • 
Mention of trap C]_uarries at (G. P. Merrill, '89, 

p. 436). 
Miner,!lls in trap near (H. D. Rogers, '58, vol. 2, 

p. 692). 
Occurrence of copper ore near (Frazer, '77b). 
Optical properties of rock from near (Frazer, 

'75a, p. 410). 
Picture of De>il's Den near (Frazer, '80, pl. 9). 
Section from, to Cashtown (.Frazer, '77, pp. 

295-299, pl. op. p. 298). 
Section from, to Littlestown (Frazer, '77, pp. 

299-304, pl. op. p. 304). 
Section of dikes at, after H. D. Rogers (W. M. 

Davis, '83, p. 281, pl. 9). 
Section of dikes near, after P. Fuzer (W. M. 1 

Davis, '83, p. 281, pl. 9). 
Trap dikes near (H. D. Rogers, '58. ''ol. 2, pp. 

688, 689, 692). 
Trap from (Frazer, '76, pp. 124-126). 
Trap rock near (Frazer, '77, pp. 254, 255). 
Weathering of trap rock at (Frazer, '74). 

Oetzendaner's quarry, near Frederick, 1Ud. Poto
mac marble of (Shaler, '84, p.177). 

GIBSON, JOHN B. 1820. 
Obsen·ations on the trap rocks of the Conne

wago hills near Middletown, Dauphin 
county, and of the Stony ridge near Car-

· lisle, Cumberland county, Pennsylvania. 
In .A.m. Phil. Soc., Trans., n. s., vol. 2, 1825, pp. 

156-166. 
Deseribe~ the trap roeks of the hills men

tioned and considers the nature of their 
origin. 

GIBSON, J. B. Cited on the presence of Jura
Trias in America (Lea, '53, p.189). 

Cited on the relation of trap and sandstone in 
Pennsylvania (W. M. Davis, '83, 1). 287). 

Giggstown, N. J. Reopening of copper mines 
near (Cook, '81, p. 39). 

Bull. 85--14 

GILBERT, LUDWIG WILHEJ,DI. 1822. 
[Concerning the native copper and copper 

slate in Connecticut.] 
In .Annalen der Physik [Gilbert], vol. 70, pp. 

431-4.36. 
Quotes B. Silliman, on the occurrence of native 

copper in the Connecticut valley, anu pub
lishes a letter from F. Hoffmann conce~n
ing the same subject, in which the copper
bearing slates of the Newark are com
pared with similar fllates in Europe. 

GILBERT, LUDWIG WILHELM. 1822a.. 
[Remarks on native copper an<l fossil fishes 

from the Connecticut valley.] 
Iu Annalen der Physik [Gilbert], vol. 70, pp. 

356-360. 
Discusses the observations on native copper 

and fossil fishes from the Connecticut Yal
ley, communicated by A. Bropgniart and 
B. Silliman. 

Gill, lUass. Account of trap ridges in (E. Hitch
cock, '35, p. 409). 

Brief account of trap in (E. Hitchcock, '23, YOL 

6, pp. 44, 48, 49). 
Building stone quarried at (E. llitchcock, '41, 

p.181). 
Coal found in (E. Hitchcock, '41, pp. 13g....140. 

E. Hit
0
chcock, '35, p. 231). 

Description of footprints from (E. Hitchcock, 
'36, pp. 318-325. E. Hitchcock, '58). 

Description of trap dikes in primary rocks in 
(Percival, '42, pp. 409, 423-424). 

Early discovery of fossil footprints at (E. 
Hitchcock, '36, p. 308). 

General description of trap ridges in (E. Hitch
cock, '41, p. 648). 

Localities of fossil footprints in (E. Hitchcock, 
'41, p. 4.65). 

Locality for fossil footprints in (E. Hitchcock, 
'48, p.132). 

Mention of fossil footprints from (E. Hitch
cock, '55a, p. 186). 

Reference to schistose sandstone beneath trap 
in (E. Hitchcock, '35, p. 220). 

Relation of the trap rock in, to associated rocks 
(E. Hitchcock, '41, p. 653). 

Sandstone hills in (Percival, '42, p. 450). 

Gill and Montague, Mass. Section between (E. 
Hitchcock, ':35, p. 416. E. Hitchcock, '41, 
p. 654). 

GILPIN, EDWARD. 1877. 
Notes on some recent disco,'eries of copper 

ore in :Nova Scotia. 
In London Geol. Soc., Quart. Jour., >ol. 33, pp. 

749-753. 
Refers to the writings of Lescharbot, pub

lished in 1609, who refers to nath·e copper 
from the bay of Fundy. 

GILPIN, EDWI~. 1885. 
Notes on the manganese ores of Nova Scotia. 
In Canada Roy. Soc., Proc. and Trans., vol. 2, 

sec. 4, 188!, pp. 7-13. 
Contains a brief account of the occurrence of 

manganese at Cornwallis and Wolfville, 
N.S. 
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Glastonbury, Conn. Mention of a fossil fish from 
(Mitchill, '18, p. 365). 

Reference to a locality fot· fossil fish (J. H. 
Redfield, '36). 

Glen in Leyden, !lass. Dip and strike at (E. 
Hitchcock, '41, p. 448). 

Junction of Newark system and primary 
rocks in (E. Hitchcock, '35, p. 223. E. 
Hitchcock, '41, p. 448). 

Goat hill, N. J. .Altered shale at (Cook, '68, p. 
213). 

Analysis of trap from (Cook, '68, p. 215. 
Genth, '81, pp. 95-96). 

Boundary of trap near (Cook, '68, p. 192). 
Contact metamorphism at (H. D. Rogers, '36, 

p. 156). 
Described briefly as a trap outcrop (H. D. 

Rogers, '36, p. 159). 
D etailed description of (H. D. Rogers, '40, pp. 

152-158). 
Dip in iudurated shale at I Cook, '82, p. 26). 
Dip near (Cook, '68, p. 197). 
Elevation of (Cook, '68, p. 191). 
Hornblende in trap rocks of (H. D. Rogers, 

'40, p. 144). 
Position and extent of (Nason, '89, p. 35). 
Reference to contact metamorphism near 

(Cook, '87, p. 125). 
Termination of trap ridge at (Cook, '82, p. 61). 
Trap Dear (Cook, '68, p. 192. Cook, '81, p. 59). 
Trap rock quarries at (Cook, '79, p. 26. Cook, 

'81 . p. 62). 

Godwinville, N.J. Boundary of First mountain, 
trap near (Cook, '68, p. 181). 

GofHe, N. J. Elevation of First mountain at. 
(Cook, '82, p. 49). 

Gold in the Newark rocks of North Carolina 
(Mitchell, '27). 

Goldsboro, Pa. Discovery of footprints and 
other fossils near (Wanner, '89). 

Goldsbys falls, Va. Detailed account of contact 
metamorphism near (W. B. Rogers, '39, 
pp. 82-83). 

Goochland county, Va. Description of the New
ark in (W. B. Rogers, '40. pp. 71, 72). 

Description of rocks in (W. B. Rogers, '43, p. 
298). 

Goode's bridge, Va. Boundary of Newa;:-k area 
near (Heinrich, '78, p. 231). 

GORDON, THOM!S F. 1834. 
.A. gazetteer of the state of New Jersey. 
Trenton [N.J.], 8°, pp. i-iv, 1-339. 
Contains a brief general account of the trap 

ridge of the Newark system, pp. 5-8. 
Gordonsville, Va. Sandstone near (W. B. Rog. 

ers, '36, p. 80). 
Goshenville, Pa. Mention of a trap dike near 

(Frazer, '84, p. 693). 
Trap dike near (Lewis, '85, p. 445). 

GOULD, AUGUSTUS A. 1861. 
Introduction [to ichnographs from the sand

stone of Connecticut river]. 
In ichnographs from the sandstone of Con

necticut river, by James Deane, pp. 3-4. 
Gowrie coal minl', Va. Depth of (Taylor, '48, p. 

50). 

Gowrie coal mine, Va.-Continued. 
Fossil plants from (Fontaine, '83, p. 4. Mar

cou, '53, p. 44, pl. 7). 
Graham's coal mine, Va. Brief account of (Mac-

farlane, '77, p. 507). · 
Notes on (Taylor, '35, p. 284). 
Thickness of coal in (Taylor, '35, p. 282). 

GRAM!UAR, JOHN. 1818. 
Account of the coal mines in the vicinity of 

Richmond, Va. [etc.]. 
In .A.m. Jour. Sci:, vol. 1, pp. 125-130. 
.A. general account of the working and eco

nomic value of the coal mines of Chester
field county, Va. 

Granby, Conn. Building stone at (E. Hitchcock, 
'32, p. 35. E. Hitchcock, '35, p. 46. Per
cival, '42, p. 439). 

Building stone quarries at (E. Hitchcock, '41, 
p. 180). 

Copper in, occurrence of (E. Hitchcock, '35, 
pp. 71, 229). 

Copper mines of (Percival, '42, p. 318). 
Copper ores at, mention of (Lyell, '54, p. 13). 
Description of trap dikes in primary rocks in 

(Percival, '42, p. 426). 
Groups of elevations in (Percival, '42, p. 4-!0). 
Topographi{) form of trap ridges in (Percival, 

'42, pp. 306-307). 
Trap conglomerate in (Percival, '42, p. 316). 

Grand .Manan island, N. B. (Bailey, Mathew, 
and Ells, '80, map No. 1 S. W. accom
panying, and note 7 on map.) 

Copper ore of (Bailey, '72, pp. 221, 225-226. 
Chapman, '72). 

Description of (Chapman, '72). 
Dip on (Verrill, '78). 
Geology of (Bailey, '72. Chapman, '72). 
Height of (Chapman, '72). 
Red sandstone with copper beneath trap at 

(Chapman, '78, p. 106). 
Rock of (Bailey, '72, pp. 218, 219, 220, 221. 

Mathew, '78, p. 339). 
Section of (Chapman, '72, op. p. 193). 
Trap of (Bailey, Mathew, and Ells, '80, p. 

21D. Verrill, '78). 
Grand passage, N. S. Description of (Dawson, 

'78, pp. 97-98). 
Grand rock, Pa. Dip in sandstone at (Cook, '82, 

p. 27). 

Graniteville, N. Y. Description of trap rock at 
(Britton, '81, p. 169) . 

Granton trap, N. J. Description of (Darton, '90, 
p. 54). 

Reference to trap outcrop near (Darton,' 90, p. 
39). 

Granville, N. S. Description of north shore of 
(Gesner, '36, pp. 187 -189). 

Minerals of (Gesner, '36, p. 188). 
Granville county, N. C. Account of the Newark 

in (Mitchell, '42, pp. 130-134). 
Grassy islands, N. C. Boundary of Newark near 

(Mitchell, '42, p. 130). 
Grassy point, N.Y. Dip of rocks at (Mather, '43, 

p. 285). 
Dip of sandstone near (Mather, '39, p. 116). 
Red marl near (Mather, '43, p. 288). 
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GR.!1'ACAP, L. P. 1886. 
Fish remains and track:; in the Triassic rocks· 

at Weehawken, N[ew] J[ersey]. 
In Am. Nat., vol. 20, pp. 243-246, pls. 12, 13. 
Description of the occurrence of fossil fishes 

and fossil footprints, together with ripple 
marks and raimlrop impressions in slate 
beneath the trap of the Palisades at the 
locality mentione<1. 

GRATACAP, L. P. Cited ou fossils in the New
ark system (Newberry, '88, p. 44). 

Gravel hill, N.J. Boundary of Newark at (Cook, 
'68, p. 175). 

Conglomerate of (Cook, '79, p. 19). 
Dip in conglomerate near (Cook, '82, p. 27). 
Supposed to be Newark in part (Cook, '68, p. 

75). 

GRAY [A.]. Cited on the character of certain 
footprints from Turners Falls, .Mass. 
(Deane, '56). 

GRAY, ALONZO, and {;. B. ADA!US. 1860. 
Elements of geology. 
New York, 12mo, pp. i-xv, 1-354. 
Contains a brief compilation in reference to 

the structure and fossils of the Newark 
system, pp. 241-252. 

Great clove, N. Y. Faults near (Nason, '89, p. 
25). 

Great falls, N. J. Columnar· trap (Cook, '84, p. 
27). 

Great notch, N. J. Fault at (Darton, '90, p. 23). 
Great swamp, N.J. Bored well in (Ward, '79, p. 

139). 
Boundary of Long bill trap near (Cook, '68, 

p. 187). 
Section from, Plainfield, N. J. (Cook, '68, p. 

199, and map in portfolio). 
Trap bill near (Cook, '68. p. 188). 

Great valley river, N. S. Rocks near (Dawson, 
'78, pp. 100-101). 

Great Village, N. S. Brief account of Newark 
rocks at (Honeyman, '78). 

Great Village river, N. S. Account of (Dawson, 
'78, pl. op. p. 125). 

GREEN, J. Stone quarry of, near Greensburg, 
N.J. (Cook, '81, p. 56). 

Green brook, N. J. Boundary of First mountain 
trap near (Cook, '68, p . 181). 

Referred to as a locality for copper ore (H. D. 
Rogers, '36, p. 166). 

G1·eenfield, !\lass. Conglomerate in (E. Hitch
cock, '35, p. 214. E. Hitchcock, '41, p. 
442) .. 

Contact metamorphism in (E. Hitchcock, '35, 
pp. 423-424. E. Hitchcock, '41, p. 658). 

Copper ore in (E. Hitchcock, '35, p. 229). 
Description of Deerfield dike in (Emerson, 

'82). 
Dip at- (E. Hitchcock, '35, pp. 224, 423). 
Dip of sandstone at (Emmons, '57, p. 22). 
Discovery of a fossil footprint at (Field, '56). 
Footprints found at (D. Marsh, '48, p. 272). 
Footprints from (C. H. Hitchcock, '66. War-

ren, '55, pp. 305-306). 
Fossil plants at (E. Hitchcock, '35, pp. 235-

236. E. Hitchcock, '41, p. 456). 

Greenfield, lllass.-Continued. 
General description of fossil footprints found 

near (Deane, '44). 
Geology of (\L M. Davi,;, '83, p. 259. E. 

Hitchcock, '18, pp. 105, 108). 
Junction of Newark system with slate in (E. 

Hitchcock, '35, p. 214). 
Locality for fossil footprints (E. Hitchcock, 

'48, p. 132) . 
Origin of the conglomerate iu (E. Hitchcock, 

'35, p. 244). 
Sandstone co,·ere•l with footprints from 

(Field, '55). 
Section near (Emmons, '57, pp. 5-7). 
Thickness of strata at (Emmons, '57, pp. 5-6, 

22). 
Trap near (E. Hitchcock, '23, vol. 26, p. 46). 
Trap ridges in (E. Hitchcock, '35, p. 409. 

Percival, '42, p. 409). 
Trap ridges near (E. Hitchcock, '41, p. 648). 

(~reenhole shaft, Vn. .Analysis of coal from 
(Clifford, '87, p. 10. Macfarlane, '77, p. 
515. Williams, '83, p. 82). 

Depth of (W. B. Rogers, '43b, p. 534). 
Situated in an 1solated basin (Heinrich, '78, p. 

232). 
Thinning of coal seams in (Clifford, '88). 

Greensburg, N.J. Building stone near (Cook, '68, 
p. 510). 

Conglomerate at (Cook, '82, p. 22). 
Description of quarries near (Cook, '81, •pp. 

55-58). 
Dip at (Cook, '68, p.197). 
Dip in sandstone at (Cook, '82, p. 26). 
Dip of sandstone at (Cook. '79, p. 29). 
Folds near (Cook, '82, p.16). 
Quarries at (Cook, '81, pp. 55-58). 
Sandstone at (Cook, '82, p. 20). 
Sandstonequarries·near (Cook, '79, p. 24. Sha-

ler, '84, pp.143-144). 
Greensburg Granite and Freestone Co. Quarries 

of, near Greensburg, N.J. (Cook, '81, p. 57). 
Greenstone. (See Trap.) 
Green valley, N. J; Bo{zndary of First mountain 

trap near (Cook, '68, p.lSI). 
Green valley ropper mine, N.J. (Cook, '68, pp. 

676-677). 
Green Village,~. J. Dip in shale near (Cook, '79, 

p. 30). 
Trap exposed at (Russell, '80, p. 36). 
Trap hill near (Cook, '68, p. l>l8). 
Trap ridges near (Cook, '82, pp. 57, 58). 
Reference to geological features (H. D. Rogers, 

'40, p. 133). 
Greenville, P:l. Boundary of the New-ark in 

(Frazer, '80, p. 15). 
Boundary of the Newark near (d'Invilliers, '83, 

p. 198). 
Sandstone at (Frazer, ·so, p. 46). 

GREER, JAJIES. 1871. 
Oolite coal field of Virginia. 
(.A. " separate;" place of pul.Jlication not 

known.] 
Contains an extraet from C. Lyell's paper Oil 

the structure and probable age of the Rich, 
mond coal field, Virginia (see Lyell, 1847), 
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Gresh's quarry, Pa. Trap dikes and dip of strata 
near (d'Invilliers, '83, p. 209). 

Gresh ville, Pa. Trap and dip of strata near (d'In· 
villiers, '83, pp. 210-211). 

Griggstowu, N.J. L\ltered shale near (Cook, '68, 
p. 214). 

Character of rocks near (H. D. Rogers, '40, p 
151). 

Copper mine near (H. D. Rogers, '40, p. 161) . 
Copper ores near (Cook, '68, p. 679). 
Description of the Franklin copper mine near 

(H. D. Rogers, '36, p. 168). 
Dip in sandstone at (Cook, '82, p. 25). 
;Dip near (Cook, '68, p. 196. H. D. Rogers. '40, 

p. 128). 
Normal condition of rocl's at, referred to (H. 

D. Rogers, '36, p. 164). 
Referrell to as a locality for copper ore (H. D . 

Rogers, '36, p. 166). 
Small outcrop of trap nt·ar (Nason, '89, p. 36). 
Trap hills near (Cook, '68, p. 189). 

Griggstown copper mine, N.J. Altered shale near 
(Cook, '83, p. 23). 

Contact of trap and shales at (Cook, '82, p. 60). 
Grindstones in North Carolina. Mention of 

(Cllance, '85, pp. 24-25. Kerr, '75, p. 305). 
Grove iron mine near Dillsburg, Pa. Brief ac· 

count of (Frazer, '76d). 
Grove's, J. L., ore bank, Pa. Report on (Fra

zer, '77, p. 219). 

Grove shaft, Va. Recent mining at (Hotchkiss, 
'83a) . 

Gulf, ~. C. Analysis of coal from (Battlf', '86. 
Clarke, '87, p. 146. Hale, '83, p. 226. Kerr, 
'75, p. 294). 

Analysis of iron ore fron. (Kerr, '75, pp. 226, 
227, 228). 

Antllracite at (Emmons, '56, p. 236). 
Belt of chert and porphyry near (Emmons, 

'56, p. 241). 
.Brief account of iron and coal near (Emmons, 

j57a, pp. 7-11). 
Brief account of natural coke at (Tuomey, 

'46, pp. 103-104) .• 
Brief account of rocks near (Emmons, '57b, p. 

77). 
Discovery of coal at (Olmstead, '24, p.19). 
Exploration for coal at (Chance, '85, pp. 40-43). 
Iron ore near (Kerr, '75, pp. 226-230. Willis, 

'86, p. 306). 
Outcrop of iron ore at (Emmons, '56, p. 262). 
Plat of coal outcrops at (Kerr, '75, p. 144). 
Quality of coal foun!l at (Emmons, '52, p.131). 
Reference to coal at (Emmons, '52, p. 125). 
Section at (Emmons, '57, p. 152, and plate). 
Sketch, showing coal outcrop near (Chancf', 

'85, p. 38). 
Thickness of Newark rocks at (Emmons, '56, 

p. 231). 
Thickm•;;;; ofRan!1ston!'-at (Emmons, '57, p. 22). 
Trap dikes at (Kerr, '75, p. 144). 

Gulf ;ums, Pn. .Analysis of trap from (Genth, 
'81, pp.133-134. C. E. Hall, '81, p. 20, 133-
13-L Lewis, '85, p. 454). 

Gulliver's bole, N. S. Description of (Jackson 
and Alger, '33, pp. 233-234). 

(:lum Tree, Pa. Mention of a trap dike near (.1-'ra
zer, '84, p. 693). 

(:lurden glen mills, Pa. Tra1J dikes near (Lewis, 
'85, p. 453). 

(•uttenberg, N.J. Boundary of' trap outcrop at 
(Cook, '68, p. 177). 

Description of sandstone at (Cook, '68, p. 208). 
Elevation of (Russell, '80, p. 36). 
Exposnres of trap near (Darton, '90, p. 47). 
Faults in trap ridge near (Darton, '90, pp. 43-

44). 
Fossil fishes au!! footprints from (Gratacap, 

'86) . 
Quanies of trap rock at, mention of (G. P. 

Merrill , '89, p. 435). 
Quarries of trap rock near (Cook, '81, p. 60). 

Gwynedd, Pa. Description of fossil reptilian 
uones from (Cope, '69, p. 169-175). 

ldentificatiou of fossils from (Frazer, '77a. I'· 
497). 

List of fossiL;; from (Jones, '62, pp. 93-94). 
Mention of fossils from (Lea, '56, p. 78). 
Remarks on fossils fi·om (Lea, '57a. Leidy, 

'57 a\. 
Trap hill near (Lesley, '85, p. lxxxi). 

Gypsum. Absence of, in Newark system of Korth 
Carolina (Emmons, p. 96) . 

Absence of, in the Newark of Nova Scotia 
(Gesner, '36, p. 73). 

In the Connecticut valley, urief reference to 
(E. Hitchcock, '35, pp. 54-213). 

In Nova Scotia (Ells, '84, p. 12E. Willimott. 
'84, p. 2-!L). 

Habersham c·ouuty, Ga. Reference to trap dikes 
in (T. P. James, '76, p. 38). 

Hackensack, N.J. Artesian wells at (Cook, ·10, 

pp. 128-129). 
Origin of trap rock near (Darton, '89, p. 130). 
Small trap outcrop n ear (Darton, .. '90, p. 70). 

Haddam, Conn. Brief account of trap at (Shep. 
ard, '32) . 

Description of trap dikes in primary rocks 
near (Percival, 42, pp. 421-422). 

Hadley, ;,[ass. Dip anu strike of strata in (E 
Hitchcock, '41, pp. 447-448). 

Dip of sandstone in (E. Hitchcock, '35, p. 2:.l3). 

::\1ention of the finding of fossil plants at (.d.. 
Smith, '32, pp. 219-220). 

Ha<lley falls, nass. Reference to trap at (Stod
der, '57). 

Hadley's mountain, N. S. Descript-ion of (Jack
son and Alger, '33, pp. 244-245). 

Rocks of (Gesner, '36, p. 225). . 
Halmstowu, Pa. Coal near (Frazer, '80, p. 4-!). 

Hail imtlressions. De8cription of the occurrence 
of, at Pompton, N. J. (W. C. Redtield, 
'43). 

Fossil, from Pompton, N. J. (Lyell, '51. p. 
3-!3). 

Hakihokake creek, X. J. Dip in shale near (Cook, 
'82, p. 27). 

Haldeman's rime, Pn. Trap dike near (Frazer, 
'80, pp. 34, 36, 106). 

HAJ,E, P. M. 1883. 
In the eoa1 au<l iron counties of North Caro· 

lin a. 
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HALE, P . lii. -Continued. 
Tialeigh, 12mo, pp. i-viil, 9-425, and map. 
Contains voluminous extracts from the r e

ports of Emmons, 'Vilkes, Laidley, and 
Kerr, pp. 11-181, 226-229. 

Haleflon, N. ,J. Boundary of First mountain 
trap near (Cook, 68, p. 181). 

Boundary of Second mountain trap near 
(Cook, '68, pp. 183-184). 

Building stone near (Cook, '68, p. 505). 
Dip in sandstone at (Cook, '82, p. 30). 
Lower contact of trap sheet at (Darton, '90, 

pp. 31, 32). 
Quarries at, descrfoed (Cook, '81, p. 52). 
Quarries near, described (Cook, '89, p . 52). 
Reference to fault near (Cook, '89, p. 14). 
Sandstone quarry near (Cook, '79, p. 22). 

Haledon quarry, N.J. Contact of trap antl sand· 
stone at (Cook, '83, pp. 23-2-!, and pl.). 

Half•' s mills, ill ass. Localities of foss1l footprints 
nenr (E. Hitchcock, 41, p. 465). 

Halt>s mint>, S. C. Brief account of contact meta
morphism in (Tuome:r. '48, p. 68). 

Halifax county, Va. Boundaries of the Ne·wark 
in (W. B. Rogers, '39, pp. 7-!-76). 

HALL, CHARLES E. 1878. 
Second geological survey of Pennsylvania, 

J 8H-'_75- '76- '77. Catalogue of the geologi. 
cal museum. 

Harrisburg 1878 [vol. 0], part 1, pp. 1-217. 
A catalogue of rock specimens. 

HALL, CHARJ,ES E. 1880. 
The relationsoftbecrystalliue rocks of eastern 

Pennsylvania to the Silurian lime.,stones, 
and t.he Hudson river age of the hydro
mica schists. 

In A.m. Phil. Soc .. Proc., ,-ol. 18, 1878-1880, 
pp. 435-443. 

Accompanied by a small map showing t.he 
<listribntion of Newark rocks in Penns;yl
vania. 

HALL, CHARLES E. 1881. 
Second geological survey of Pennsylvania, 

Report of Progress, C6. The geology 
of Philadelphia county and of the south
ern parts of :Montgomery and Bucks 
(counties). 

Harrisburg, pp. i-xx, 1-154, map in 3 sheets 
and 1 sheet of sections in pocket. 

Describes the boundaries and notes some of 
the local features of the Newark system 
in the sontbern parts of Montgomery aml 
Bucks counties. Notices also the course 
of a trap dike in Montgomery county. 

HALL, CH ARLES E. · 1883. 
[Itinerary notes on] the Sonth mountain 

gneiss [Pennsyh·ania]. 
In second geological survey of Pennsyl,ania, 

D3, vol. 1, pp. 215-258, }lls. 2-4. 
Contains a few observations of dip, character 

of rock, etc., in Lehigh county, Pa., pp. 
232, 233, 247. 

HAI,L, (.! , E . Cited on the trap dikes in Pennsyl
vania (L~is, '85, pp. 439, 4-!1). 

HALL, JAMES. 1843. 
Natural History of New York, P art I V, 

geology. Comprising the survey of the 
fourth geological district. 

Albany, 4to, pp. i-xxvii, 1--686, pls . 1-19, and 
geological map of the Middle and W estern 
states. 

A, brief reference to the geological position of 
the Newark system is given on page 19. 
On the map the extent of the rocks re
ferred to in New York, New Jersey aD<l 
southward is shown. 

lULL, JAliiES. 1852. 
Key to a chart of the successive geological 

formations, with an actual section from 
the Atlantic to the Pacific ocean [etc.]. 

Boston, 16mo. pp. 1-72. 
Contains a very brief account of the Newark 

system, p. 49, and a brief list of fossils 
from the Richmond coal field, Va., p. 66. 

HALL, JA'3IES. 1855--1859. 
Natural History of New York, Part VI, 

Paleontology, Yol. 3, pt. 1; text. 
Alba11y, 18fi9, 4to, pp. i-xii, 1-533. 
Contains a brief reference to the origin of the 

trap rocks of the .Atlantic slope and the 
rapid accumulation of' the associated sand
stones, pp. 78, 79. 

HALL, JUlES. 1882. 
Contributions to the geological history of the 

American continent. 
In Am. Ass. A.dv. Sci., Proc., vol. 31, pp. 29-

69. 
Remarks on the rdation of tbe Newark sys

tem to the structure of the Appalachians, 
p. 5-!. 

HALL, JAiliES. 1886. 
Report on building. stones [of the state of 

New York]. 
In thirty-ninth A.nn . Rep. N.Y. State Muse. 

of Nat. Hist., pp. 186-225. 
Describes briefly the buildh1g stones of the 

Newark system in New York, p. 198. 

HALIJ, JAMES. Cited on the age of the Newark 
system (Marcou, '58, pp. 14-15). 

HAJ_,L, JAJUES, and IJOGAN, W. E. 1866. 
Geological map of Canada and the adjacent 

regions, including parts of the United 
States. 

Montreal, 8 sheets in portfolio, scale 25 miles 
to 1 inch. • 

On this map Prince Edward island is colored 
as Newark In New Brunswick, Quaco 
head is the only Newark exposure colored. 
In Nova Scotia the sandstone and trap of 
the same system are shown. I n Connect
icut valley, New Jersey, and part of 
Pennsylvania the areas occupied by New
ark rock are also shown. 

H ALL, J OHN. 1821. 
Fossil bones in East Windsor, Connecticut. 
In Am. Jour. Sci., vol. 3, p. 247. 
A brief reference to the finding of fossil bones. 

Haller stown, Pa. Boundary of the Newark near 
(H. D. Rogers, '-!1, pp. 16-39). 
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Hall's harbor, N. S. .Amygdaloid at (Gesner, '36, 
p. 225). 

Description of (Gesner. ':ffi, pp. 205-206). 
Specific gravity of trap rocks from (How, '75, 

vol. 1, p. 138). 

Hamden, Conn, Copper mines of (Perch·al, '42, 
p. 318). 

H:>.mden hills, Conn. Discovery of a mass of 
native copper on (Silliman, '14, pp. 148-
149) . 

Hamilton-Burr duel ground, N. J. Trap rocks 
near (Davis and Whittle, '89, p. 106). 

Hammer creek, Pa. Boundary of the Newark 
along (H. D. Rogers, '58, vol. 2, p. 668). 

HAMMOND, HARVY. 1S84. 
Report on the cotton production of the state 

of South Carolina [etc.]. 
In Tenth Census of the United States. Wash

ington (Interior Dep. , Census office) 4to, 
vol. 6, pt .. 2, pp. 451-526. 

Contains a brief account of the trap dikes of 
South Carolina, and of tbe soils resulting 
from their decay, pp. 466-497, pl. op. p. 
463). 

Hampden-Sidney college, Va. Boundaries of the 
Newark near nv. B. Rogers, '39, p. 76). 

Hampshire county, Mass. Brief account of the 
geology of (Nash, '27, pp. 246-247). 

Hampton, N. B. Descri}Jtion of supposed Trias
sic rocks at (Gesner, '40, p. 45). 

Hampton, Pa. Trap dikes near (H. D. Rogers, '58, 
vol. 2, p. 688). 

Hancock, lUd. .Analyses of sandstone from 
(Clarke, '89). 

Hanging ltills, Conn. Brief account of (Chapin, 
'91. Rice, '86). 

Chemical analysis of trap rock from (Hawes, 
. '75). 

Description and discussion of the topography 
of (W. M. Davis, '86). 

Description of (Chapin, '87. Percival. '42, 
pp. 272-275. Percival, '42, pp. 368-370). 

Excursion to (J.D. Dana, '70). 
Extrusiveoriginoftrapof(W.M. Davis, '82a, 

pp.122-123). 
Faults associated with (W. M. Davis, '82). 
Faults in (W. M. Davis, '88, p. 471). 
Height of (J. D. Dana, '73, vol. 6, p. 105) . 
Overflow origin of trap of (W. M. Davis, '82. 

W. M. Davis, '88, pp. 464-467). 
Reference to form of (Whelpley, '4.5, p. 63). 
Sandstone elevations associated with (Perci

val, '42, pp. 433, 435). 
Section of (W. M. DaYis, '83, pp. 305-307, pl. 

10). 
Sketch map of (W. M. Davis, '83, pp. 305-307, 

pl.10. W. M. Davis, '89, pl. 4). 
Small map of portion of (Davis and Whittle, 

89, pl. 2). 
Special account of quarries at (Davis and 

Whittle, '89, pp. 127-133). 
Structure of trap rock of (Percival, '42, p. 314). 
Study of the structure of (W. M. Davis, '88. 

'\V. M. Davis, '89). 
Topographic form of trap ridge near (Perci 

Yal, '42, pp. 304, 306). 

Hanging hills, Conn,-Continued. 
Trap ridges near (Perch·al, '42, p. 348). 

Hanover, Pa. Catalogue of specimens of trap, 
etc., from near (Frazer, '77, pp. 332-381). 

Trap from (C. E. Hall, '78, pp. 42, 43). 
Hanover, Va. Boundary of Newark near (Rein· 

rich, '78, llp. 229-230). 
Hanover area, Va. Defined and describell (Fon. 

taine, '79, pp. 27, 151-153). 
:Fossil plants from (Fontaine, '83, p. 4). 

Hanover county, Va. Description ofN ewark area 
in (Heinrich, '78, pp. 229-230). 

Description of rocks in (W. B. Rogers, '43, p. 
298). 

Hanover junction, Va. Boun(lary of Newark 
rocks north of (Fontaine, '83, p. 2). 

Unconformity of Potomac and Newark at 
(Fontaine, '89, p. 58). 

Hardin's coal mine, Va. Fossil crustaceans from 
(Jones, '62, p. 86). 

IIARLAX, RICIIARD. lS:H. 
Critical notices of various organic remains 

hitherto discovered in North America. 
In Pennsyh·ania Geol. Soc., Trans., 't'Ol. 1, ' 

1835, pp. 46-112, pl. 5. 
Refers to certain fossil bones from the Yellow

stone and Missouri rivers which may 
possibly be of Triassic or J nrassic age, 
and to fossil :fishes from the Newark of 
Massachusetts, pp. 92-94. 

Harleysville, Pa. Contact metamorphism near 
(Lewis, '82). 

Harmonyville, Pa. Boundary of Newark near 
(Frazer, '83, p. 234). 

HARRINGTON, B. J. 1871. 
Report on geological structure and mineral 

resources of Prince Edward island. 
See Dawson and Harrington, 1871. 

HAimiNGTON, B. J. 1874. 
Notes on the iron ores of Canada and their 

developruent. 
In geological suney of Canada. Report of 

progress for 1873-'74, pp. 192-259. 
Contains a brief mention of magnetite in 

veins in the trap along the south side of 
the bay of Fundy, pp. 217,219. 

HARRINGTON [B. J.]. Cited on the geolo'gy of 
Prince Edward island (Bain and Dawson, 
'85, pp. 156-157). 

Cited on the tilting of sandstone and trap in 
Prince Edward island (W. M. Davis, '83, 
p. 302). 

Cited on trap dikes in Prince Edward island 
(W. M. Da,is, '83, p. 291). 

Harrington river, N. S. Dip near mouth of (Daw
son, '78, p. 102). 

Exposures of ~l"ewark rocks near the mouth 
of (Dawson, '47, pp. 52-53). 

Trap conglomerate, etc., near mouth of (Daw
son, '78, p. 102). 

Harrisburg, Pa. Contact of Newark and Silurian 
rocks near (Lesley, '64, p. 476). 

Sandstone quarries near (Shaler, '84, p.l56). 
HARTT, C. FRED. 1867. 

The recent hird track of the basin of Minas 
[Nova Scotia]. 



RUSSELL.) LITERATURE. 215 

HARTT, C. FRED.-Continued. 
In .A.m. Nat., vol. 1, pp. 169-176, 234-243. 
Contains a popular description of recent foot

prints, raindrop impressions, etc., at the 
locality mentioned, and also a brief ~etch 

of fossil impressions of a similar character 
eleewhere. 

Hartfoi·d, Conn. Bitumen in trap near (E. S. 
Dana, '75). 

Brief acconnt of shale at (E. Hitchcock, '35, 
p. 217). 

Brief account of trap near (E. Hitchcock, '23, 
vol. 6, pp. 44, 51). 

Character of sandstone at (E. Hitchcock, '36, 
p. 329). 

-concerning trap ridges near (Percival, '42, p. 
377). 

Contact metamorphism at (E. Hitchcock, '35, 
p. 424). 

Contact metamorphism near (E. Hitchcock, 
'41, p. 657. Percival, '42, p. 320). 

Description of Rocky hill near (Silliman, '30, 
pp. 122-131). 

Description of trap ridges near (Davis and 
Whittle, '89. p. 115). 

Discussion of the geological structure near 
(W. M. Davis, '86, ll- 344). 

Localities of fossil footprints near (E. Hitch
cock, '41, pp. 466, 467). 

Outlyer of primitive rock inN ewark area near 
(.A.. Smith, '32, p. 219). 

Red shale in (E. Hitchcock, '41, p. 443). 
Report of the discovery of fossil footprints 

near (E. Hitchcock, '37b). 
Special account of quarry near (Davis and 

Whittle, '89, pp. 120-122). 

Hartley, N. J. Description of stone quarry near 
(Cook, '81, pp. 51-52). 

JL\.RTSHOR~E, S. Well bored for, near Short 
hills, N.J. (Nason, '89b) . 

Hart's mills, Couu. Descriptwn of trap ridges 
near (Percival, '42, p. 384). 

Limestone near (Percival, '42, p. 443). 
Mention of the occurrence of bitumen at 

(Percival, '42, p. 4-!3). 
Hartzog's mill, Pa. Dip of strata and exposure 

.. of trap near (d'Invilliers, '83, pp. 218, 219, 
220). 

Hastings-on-Hudson, N. Y. View of Palisades 
opposite (Cook, '83, frontispiece). 

llatfleld, lllass . Dip of lower beds of theN ewark 
system in (E. Hitchcock, '35, p. 223). 

Dip of sandstone in (E. Hitchcock, '41, p. 
447). 

Dip of strata at (E. Hitchcock, '23, vol. 6, p. 
42. ..A.. Smith, '32, p . 221). 

Study of dips in (Walling, '78, p. 192). 
llatflehl swamp, N. J. Trap hill near (Cook, '68, 

pp. 185, 186). 
II ante islaml, N. S. Mention of (Marsters, '90). 

• See also Isle Haute. 
Haverstraw, N. Y. .Analysis of sandstone from 

(Schweitzer, '71). 
Brief account of trap rock near (Mather, '39, 

pp. 116-117, 122. Mather, '43, pp. 278-282. 
Pierce, '20, pp. 186-188). 

Haverstraw, N. Y.-Continued. 
Brief description of trap ridge at (Russell, '78, 

p . 241). 
Conglomerate quarries near (Mather, '39, pp. 

124-125. Nason, '89, p. 40). 
Dip and strike of rocks in (Mather, '43, pp. 

616-611). 
Dip of sandstone and trap near (Darton, '90, 

p. 41). 
Gap in trap ridge near (Darton, '90, p. 41). 
Junction of trap and sandstone near (Darton, 

'90) p. 48). 
Red marl ne:u· (Mather, '43, p. 288). 
Section of Palisade trap sheet near (Darton, 

'90, p. 37). 
Section of sandstone beneath trap neal' (Ma

ther, '43, pl. 5). 
Small trap sheet in arkose near (Darton, '90, 

p. 49). 
Small trap sheet near (Darton, '90, p. 39). 
Upper contact of trap and sanrlstone near 

(Darton, '90, p. 51). 

HAWES, GEORGE W. 1875. 
The trap rocks of the Connecticut valley. 
In ..A.m. Jour. Sci., 3d ser., vol. 9, pp. 185-192. 
Compares the chemical comJJosition of trap 

rocks from localities in the Connecticut 
valley and in New Jersey, and points out 
the changes that have taken place in rocks 
since their ejection. 

IIAWES, GEORGE W. 1875a. 
On diabantite, a chlorite occurring in the trap 

of the Connecticut valley. 
In ..A.m. Jour. Sci., 3d ser., vol. 9, pp. 454-457. 
Describes the occurrence and gives analysis 

of the mineral mentioned, from amygda
loidal cavities in trap in tbe Farmington 
hills, Conn. 

IIAWES, G. W. 1878. 
[Note on the microscopical characteristics of 

a thin section of Jura-Trias sandstone 
from the Connecticut valley.] 

In Geology of N ew Hampshire, by C. H. 
Hitchcock, vol. 3, pp. 239-240, pl. 12. 

Remarks that all of the grains in the sand
stone are coated with red oxiue of iron, 
which cements them together and deter
mines the color of the rock. The colored 
illustration accompanying this note shows 
the appearance of a thin section of sand
stone when viewecl through a microscope. 

HAWES, GEORGE W. 1882. 
On the mineralogical composition of the nor

mal Mesozoic diabases upon the Atlantic 
border. 

In U.S. Nat. Mus., Proc., vol. 4, 1881, pp.129-
134. 

Abstract in Nenes Jahrbucb, 1882, p. 44. 
Reviewed by J. D. Dana in Am. Jour. Sci., 

3d ser., YOL 22, pp . 230-233. 
DiscussPs the mineralogical composition of 

trap rocks, diabase, from Bergen hill, N. 
J., and f!·om West rock, Conn., withchem· 
ical analysis of constituent minerals. 

HAWES, G. W. Analysis of trap by (E. S. Dana, 
. '75). 
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HAWES, G. W.-Continued. 
Cited on analyses of trap rock from West rock, 

Conn. (Frazer, '75a, p. 404. E. S. Dana, 
'77). 

Cited on composition of Connecticut valley 
trap (Frazer, '77, p. 311). 

Cited on composition of trap rocks (W. M. 
DaYis, '83, p. 284.) 

Cited on indurated bitumen in the >olcanic 
rocks of Connecticut (J.D. Dana, '78). 

Cited on mineral analysis of trap from Bergen 
hill, N.J. (Shaler, '84, p. 145). 

Cited on mineralogical composition of trap 
rock from Connecticut (Frazer, '75b). 

Cited on petrography of West .rock, Conn. 
(Da>is and Whittle, '89, pp. 116-117). 

Cited on "pipe stem" amygdaloids in the trap 
of Connecticut (Davis and Wl1ittle, '89, p. 
N~. . 

Cited on secondary minerals of trap rocks 
(How, '75, yol. 1, p. 136.) 

Cited on trap rocks of Connecticut (HoYey, 
'89, pp. 366-368). 

Haycock bill, Pa. Analysis of trap from (Gentb, 
'81, pp. 98-99). 

Description of (H. D. Rogers, '58, vol. 2, p. 
G86). 

Haydens station, Conn. Sandstone quarries near 
(Shaler, '84, p. 127). 

HAYES, JOHN L. 1842. 
[Remarks on fos>"il footprints from the Con

necticut valley sandstones.] 
In Am. Assoc. Geol. and Nat., Proc., 1840-1842, 

]lp. 55-56. 
BriPf notice of remarks on the abo\e subject. 

HAYES, JOHN L. 1843. 
[Remarks on recent and fossil foMprints.] 
In Am. Jour. Sci., >ol. 45, p. 31G. 
Brief remark on a pa11er by W. C. Redfield. 

HAYES, J. J,. 1850. 
[Comparison of recent bird tracks from the 

shore of the bay of Fundy with fossil im
pressions of a similar origin.] 

In Boston Soc. Nat. Hist., Proc., Yol. 3, p. 227-
228. 

Haywoo•l, X. C. Analysis of iron ore from near 
(Kerr, '75, p. 225). 

Brea<Uh of Newark rocks near (Obnsteacl, '24, 
p.12). 

Brief account of geology near (McLenahan. 
'52,_ p.1G9). 

Bonlldary of Newark ~rea near (W. R. John-
son, '51, p. 4. :Mitchell, '42, p.130). 

Conglomerate at (Emmons, '56, pp. 237-238). 
Dip and strike at (McLenah~n, '52, p. 168). 
Dip of sandstone near (Kerr, '75, p. 225). 
Fossil plants from (Emmons, '57, pp. 105, 118). 
Iron ore ncar (Kerr, '75, p. 225). 
Mention of trap dikes near (Burbank, '73, p. 

152). 
Silicified trees near (Emmons, '56, p. 284). 
Thickness of strata at (Fontaine, '83, p. 100). 

Heathcote brook, N. J. Sandstone quarry at 
(Cook, '79, p. 23). 

Heath's coal mine, Va. Analysis of coal from 
(Macfarlane, '77, p. 515). 

Heath's coai mine, Ya. -Continuecl. 
Brief account of (Macfarlane, '7i, p. 50i). 
Brief reference to (Nuttall, '21, p. 35) . 
Explosions in (Taylor, '48, p. 49). 
Notes on (Taylor, '35, J). 284). 
Thickness of coal in (Grammar. '18, p.l26-127. 

Taylor, '35, p. 282). 

Hebron, Conn. Description of trap dikes in pri· 
mary rocks in (Perch·al, '42, pp. 4.23-424) . 

HEER, OSWALD. 18oi, 
[A letter concerning the geological position of 

the rocks of the Richmond coal field, Yir
ginia, as indicated by fossil plants.) 

In geology of North America, by Jules Mar
cou, Zurich, 1856, p. 16. 

Published in part in Am. Jour. Sci., 2Ll ser., 
\Ol. 24, 1857, pp. 428-429. 

Questions the accuracy of certain cletermina. 
tions of the genera and species of fossil 
})lants from the Richmond coal field, \a., 
made by E. Emmons and C. T. F. Bun bury, 
and states an opinion concerning the age 
of the rocks from which the plants re
ferred to were obtained. 

HEER [0.]. Cited on age of the Newark rocks of 
North Carolina (Emmons, '58). 

Cited on age of the Newark system (Dewey. 
'57. Jones, '62, p. 126. Lea, '58. Zeiller. 
'88, p. 698). 

Citecl on the age of the Richmollll area, Yir
ginia (Hull, '81, p. 460. Lyell. '71, p. 363. 
Marcou, '58, p. 16). 

Cited on fossil plants from North Carolina 
and Virginia (Marcou, '59, p. 25). 

Cited on the Newark flora (Marcou, '90). 

Heidlersburg, Pa. Trap dikes near (H. D. Rogers, 
'58, \Ol. 2, p. 689). 

Reiger's ore pit, Pa. Report on (Frazer, '77, p. 
223). 

HEILPRIX, ANGELO. 188!. 
On a remarkable exposure of columnar trap 

near Orange, New Jersey. 
In Philadelphia Acacl. Nat. Sci., Proc., vol. 

36, pp. 318-320, pl. 8. 
A 11opular description of an exposure of rol

umnar trap at the locality mentioned. 
HEILPRIN, AXGELO. 18!17. 

The geographical and geological distribution 
of animals. 

New York (The International Scientific se
ries), 12 mo, ])p. i-xii, 1-435, pl. l. 

Contains a general description of the fauna of 
the Triassic and Jurassic periods. pp.l5i-
168. 

HEINRICH, OSWAJ,D J. 1873. 
The Midlothian colliery, \"irginia. 
In Am. lust. :Mining Eng., Trans., >ol. 1, pp. 

346-359, supplementary paper, pp. 360-364, 
pl. 5. 

Devoted principally to mining methods, bjjt 
contains a detailed section of the coal 
seams at Bailey's hill, Midlothian. 

HEINRICH, 0. J. 1874. 
The diamond drill for deep boring. compared 

with other systems of boring. 
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HEI:\'RICH, 0. J.-Continued. 
In Am. Inst. Mining Eng., Trans., vol. 2, pp. 

241~263. 

Refers to the method and cost of boring cer
tain deep holes at Midlothian, Va. 

HEINRICH, 0 . J. 1875. 
[Remarks on trap dikes and on natural coke 

in the Richmond coal field, Virginia.] 
In The Engineering and Mining .Journal, vol. 

19, p. 35. 
A part of a cliscnssion following the reading 

of a paper on deep boring with a diamond 
drill, read by 0 . .J. Heinrich before the 
American Institute of Mining Engineers, 
Dec. 26, 1874. Describes the natural coke 
of the Richmond coal fiel~ and states its 
connection with trap dikes . Remarks on 
the same subject were made by M. Coryell 
and T. S. Hunt. 

HEINRICH, 0. J. 1875a. 
Deep boring with the diamond dr!ll (supple

mentary paper). 
In A.m. Inst. Mining Eng., Trans., vol. 3, pp. 

183-186. 
Explains the method of boring, cost, etc., of 

certain diamond drill explorations made 
at Midlothian, Va. 

HEIXRICH, OSWALD J. 1876. 
An account of an explosion of fire-damp at the 

Midlothian colliery, Chesterfield county, 
Va. 

In. Am. Inst. Mining Eng., Trans., vol. 5, pp. 
148-161, pl. 3. 

Accompanied by a section and plan of under
ground work of the colliery referred to. 

HEl:\'RICH, OSWALD J. 1876a. 
The Midlothian, Va., colliery in 1876. 
In Am. Inst. Mining Eng., Trans., YOL 4, pp. 

308-316. 
Gives a brief history of coal mining in the 

Richmond coal field, and describes the 
condition of the Midlothian colliery in 
1876. 

HEIXRICH, OSWALD J. 1878. 
The Mesozoic formation in Virginia. 
In Am. Inst. Mining Eng., Trans., vol. 6, pp. 

22;-274, pls. 5-6., 
Rede1Yed byP. Frazer in .Am. Nat., vol.13, pp. 

284-292. 
Republishetl in The Virginias, vol. 1, pp. 120-

126,142-145, 155,176--177, 190-192. 

CONTENTS. 

Introdnction ...... _ ................ . 
Geographical distribution of the Me

sozoic formation in Virginia, its 
outlines and area .... _ ..... . .... . 

'.rbe eastern division _ .............. . 
The middle eastern division ... -- ... . 

Taylorsville deposit ..... . . -.... . 
Springfield deposit ...... _ ...... . 
Richmond deposit .......... -... . 

The middle westeni division .... -.. . 
.Aquia deposit .................. . 
Farmville deposit.- .... -....... -

Page. 
227-228 

228-239 
229 

229-232 
229-230 

230 
230-232 

232 
232-233 
233-235 

HEINRICH, OSWALD J . -Continued. 

CONTENTS-continued. 
Page. 

The west division. . ....... . ... .. . . .. 235-239 
Potomac deJi:osit ... _. ..... . .. . .. 235-236 
Barbours>ille deposit.... . ...... 236-237 
.James river deposit.. . ....... . .. 237 
Danville deposit . . . . . . . . . . . . . . . . 237-239 

Description of the rocks constitut-
ing the formation_..... . . . . . . 239-245 

Conglomerate . . . . . . . . . . . . . . . . . . . 239-240 
Sandstones ............ . .. _...... 2-:!0-242 
Slates and shales .. _............. 242-243 
Limestones . . . . . . . . . . . . . . . . . . . . . 243 
CoaL . . . . . . . . . . . . . . . . .. . . . . . . . . . 243-244 
Igneous roeks ..... .. ........... . 
.Accessory minerals ............ . 

General geological and stratigraphi
cal characters of the forma-
tion .. .. . . ... .. ............. . 

Detailed section at Old Midlo-
thian coal mine ............ . 

Section at Carbon hill .......... . 
Fossil remains of the formation ... -. 

244. 
344-245 

2!5-264 

256-260 
260 

264-266 
Economic products of the formation. 266-274 

HEINRICH, 0 .. J. .Abstract of paper on the 
Mesozoic formation of Virginia (Frazer, 
'82, p.139). 

·.Analysis of coal from the Richmond area, Va. 
(Clifford, '87, p. 10). 

Cited on borings in the Richmond area, Va. 
(Frazer, '8;5, p. 403) . 

Cited on the cause of the tilting of the New
ark (W. M. Da-vis, '83, p. 303). 

Cited on the commercial development of the 
Richmond area, Va: (Chance, '85, pp. 22-
23). 

Cited on the composition of coal from the 
Richmond area, Va. (Chance, '85, Jl.l9). 

Cited on faults in the Richmon(larca, Va. (W. 
M. Da-vis, '83, p. 304). 

Citerlon theNewnrl.: ofVirginia (Il.nssell, 'BOa). 
Cited on relation of trap and sandstone in 

Virginia (W. M. Davis, '83, p. 288). 
Cited on section of coal-bearing rocks at Mid

lothian (Clifford, '87, p. 23). 
Cited on thickness of Newark in Virginia 

(Frazer, '77, p. 270). 
Cited on tilting of the sandstone and trap of 

the Richmond area, Va. (W.M. Davis, '83, 
p. 302). 

Cited on value of the hichmon(l coal field, \'a. 
(Hotchkiss, '80, p. 92). 

Heists' mill, Pa. Dip of conglomerate near (d'In
villiers, '83, p. 214). 

Helcura. Description of genus (E . Hitchcock, 
'58, p. 110). 

Hemingway mountain, Conn. Description of (Ho
vey, '89, p. 366). 

Discussion of the or~in of (Hovey, '89, p . 381). 

Henderson, Pn. Boundary of the Newark near 
(C. E. Hall, '81, pp. 22, 84). 

HENDERSON, J. T. 188i . 
The commonwealth of Georgia . 
.Atlanta, Ga., pp. i-dii, 1-397. 
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HENDERSON, J. T.-Continued. 
Contains a brief account of the Newark sys· 

tern in North and South Carolina, and 
states that trap dikes probably belonging 
to the same system occur in Georgia. 

Henrico county, Va. Descriiition of the Newark 
in (W. B. Rogers, '40, pp. 71-72). 

De5cription of rocks in (W. B. Rogers, '43, p. 
298). 

Thickness of coal in (Grammar, '18, pp. 126-
127). 

Trial of the coal of, for heating purposes (W. 
R. Johnson, '44, pp. 338-348, 390-404). 

HENRY, JOSEPH. 1851. 
[Explanation of the accumulation of matter 

in the center of raindrop impressions.] 
In Am. Assoc. Adv. Sci., Proc., vol. 5, p. 75. 
Discussion of a paper by W. C. Redfield. _ 

HENRY, P. H. Analyses of coke from Richmond 
coal field by (Lyell, '47, p. 273). 

Henry county, Va. Boundaries of the Newark in 
(W. B. Rogers, '39, p. 74). 

Herbertstown, N.J. Description of hills near (H. 
D. Rogers, '40, p. 151). 

Heth's (pit), Ya. Analysis of coalfrom(Williams, 
'83, p. 82). 

Hickersons, Va. Boundaries of theN ewark near 
(W. B. Rogers, '40, p. 62). 

Hickes's shaft, Pa. Report on (Frazer, '77, p. 222). 
Hickorytown, Pa. Boundary of the Newark near 

(C. E. Hall, '81, pp. 72-73. Lesley, '85, p. 
lxxxi). 

Higby mountain, Conn. Anterior trap ridges of 
(Davis and Whittle, '89, pp.l07-108). 

Description of the main ridge of (Davis and 
Whittle, '89, pp.ll1-112). 

Detailed study of the geological structure near 
(W. M. Davis, '89). 

Sketch map of a portion of (W. M. Davis, '89, 
pl. 3). 

Small map of north end of (Davis and Whit
tle, '89, pl. 2). 

'l'rap ridges near (Percival, '42, p. 348). 
VieYI' of, to illustrate structure (W. M. Davis, 

'8ilc, p. 426). 
Highland, Pa. Mention of trap dike in (Frazer, 

'84, p. 693). 
Highl:lnd lake, Conn. Description of trap ridges 

near (Davif! and Whittle, '89, p.ll5). 
High mountain, N. J. Analysis of trap from 

(Cook, '68, p. 217). 
Boundary of Second mountain trap near 

(Cook, '68, p. 183). 
Shales beneath trap sheet ncar (Darton, '90, 

p. 28). 
Trap of (Cook, '82, p. 53). 
Vesicular trap near (Darton, '90, p. 28). 

High point, N. J. Elevation of (Cook, '68, p.184). 
High rock, Conn. Concerning trap ridges near 

(Percival, '42, pp. 381-385). 
Description of (Percival, '42, pp. 372-375). 

High Spire, Pa. Boundary of the Newark near 
(Lea, '58, p. 92. H . D. Rogers, '58, vol. 2, 
p. 669). 

High to rue, N. Y. Contact of trap and sandstone 
beneath (Darton, '90, p. 50). 

High torue, N. Y.-Continued. 
Elevation and character of (Darton, '90, p. 38). 
Elevation of (Russell, '80, p. 36). 
Faults near (Nason, '89, p. 25). 
Thickness of trap sheet forming (Darton, '90, 

p. 44). 

Higlltown, N. J. Elevation of (Cook, '68, p.176). 
' Height of (Macfarlane, '79, p. 68). 

Hill island, Pa. Trap dikes near (II. D. Rogers, 
'58, vol. 2, p. 688). 

Hillsboro, N.C. Breadth of 'Newark rocks near 
(Olmstead, '24, p. 12). 

Decomposition of trap dikes near (Burbank, 
'73, p. 151). 

Hill's coal mine, Va. Brief account of (Macfar
lane, '7'1! p. 507). 

Notes on (Taylor, '35, p. 284). 
'.rhickness of coal in (Taylor, '35, p. 282). 

Hinkletown, Pa. Boundary of the Newark near 
(Frazer, '80, pp.15, 46. H. D. Rogers, '58, 
YOl. 2, p. 668). 

Hitchcock cabinet, Amherst college, lliass. De
scriptive catalogue of footprints in (C. H. 
Hitchcock, '65). 

HITCHCOCK, CHARLES H. 1855. 
Impressions (chiefly tracks) on alluvial clay, 

in Hadley, Mass. 
In Am. Jour. Sci., 2d ser., vol. 19, pp. 391-396. 
Describes a number of recent footprints and 

other markings, and in a footnote, p. 392, 
states briefly some of the various views 
that have been aclYanced in reference t() 
the age of the Connecticut ,~alley sand
stone. 

HITCHCOCK, UHARLES H. 1859. 
[Report on copper mine at Flemington, New 
Jersey.] See Hitchcock, E., and C. Hitchcock,. 
1859. 

HITCHCOCK, CHARLES H. 1865. 
Preface [to supplement to the Ichnology of 

New England.] 
In supplement to Ichnology of New England, 

by Edward Hitchcock, pp. ix-x. 
Relates to the publication of the "supple

ment," and to specimens of footprints at 
Amherst college. 

HITCHCOCK, CHARLES H. 1865a. 
Descriptive catalogue of specimens in the 

Hitchcock ichnological cabinet at Am
herst college. 

In supplement to the Ichnology of New Eng
land, by Edward Hitchcock, pp. 41-93. 

Describes specimens of footprints, and gives 
localities from which they were derived. 

HITCHCOCK, CHARLES H. 1866. 
Description of a new reptilian bird from the 

Trias of Massachusetts. 
In New York Lye. Nat. Hist., Ann. , vol. 8, 

1867, pp. 301-302. 
Describes the footprints of Tarsodactylus ex

pansus, from near Turners Falls, Mass. 
HITCHCOCK, CHARLES H. 1867. 

Elementary geology. 
See Hitchcock and Hitchcock, 1867. 

HITCHCOCK, CHARLES H. 1871. 
Geological description [of Massachusetts]. 
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HITCHCOCK, CHAHLES H.-Continued. 
In official topographical atlas of MaRsachu

setts, by H. F. ·walling and 0. W. Gray. 
Boston, folio, pp.17-23, and map. 

Contains a brief sketch of the general geology 
of the state, accompanied by a colored 
geological map; also a list of fossil foot
print!'! found in the Newark system. 

HITCHCOCK, CHARLES H. 1874. 
The Coal Measures of the United States. 
In statistical atlas of the United States, by 

Francis .A.. Walker, pp.12-14, pls.11, 12. 
Contains a brief account of the coal fields of 

eastern Virginia and of North Carolina .. 
Accompanied by two maps, one (pl. xr) 
showing the clistrilmtion of coal fields and 
the other (pl. xn) a general geological 
map of the United States, compiled by C. 
H. Hitchcock and W. P. Blake. 

HITCHCOCK, CHARLES H. 1877. 
The relation of the geology of New Hampshire 

to that of the ad,jacent territory. 
In the geology of New Hampshire, by C. H. 

Hitchcock, vol. 2, pp. 3-36, })1. op. p. 8. 
Contains a brief reference to theN ewark rocks 

of the Connecticut valley, Nova Scotia, 
New Brunswick, etc. These areas are 
shown on the map op. p. 8. 

HITCHCOCK, CHARLES H. 1877a. 
Geology of the Connecticut valley district [of 

New Hampshire]. 
In geology of New Hampshire. Concord, vol. 

2, 4to, pp. 271--407, 428-462, and 7 plates. 
Refers briefly to tlJe position of the north end 

of the Connecticut valley area, and the 
presence of a heavy conglomerate in 
Northfield, Mass. 

HITCHCOCK, CHARLES H. 1881. 
P"eologica}. map of the Unitecl States, compiled 

by C. H. Hitchcock. 
New York. Published by .Julius Bien. 
.A. wall map; scale 20 miles to an inch. 
Map, geological, of the United States (C. H. 

Hitchcock, '81) . 
HITCHCOCK, CHARLES H. 1886. 

The geological map of the United States. 
In .A.m. Inst. Mining Eng., Trans., vol.15, pp. 

465--488, map op. p. 486. 
Contains an account of previously published 

geological maps of the United States aml 
Canada, and shows the distribution of the 
.Jurassic and Triassic systems of the 
United States. 

HITCHCOCK, CHARLES H. 1888. 
Recent progress in ichnology. 
In Boston Soc. Nat. Hist.. Proc., vol. 24, pp. 

117-127. 
Presents a revised list of tbe footprints of the 

Newark system, and give.s descriptions of 
several new species. Notices also the lo
calities where footprints have been foun(l 
iu New JerRey and Pennsylvania. 

HITCHCOCK, CIIAHLES H. 1889. 
[Remarks on a paper by Atreus Wanner. con

cerning the discovery of fossil tracks in 
the Newark rocks of York county, Pa.) 

HITCHCOCK, CIIARLES H.-Continued. 
In .A.m. Assoc . .A.dv. Sci., Proc., vol. 37, p. 186. 
States that fossil footprints recently discov

erell in rocks of the Newark system of 
New .Jersey and Pennsylvania belong t() 
the same genera as the tracks previously 
discovered in the Connecticut valley. 

HITCHCOCK, CHAHLES H. 1890. 
The use of the terms Lmuentian aml Newark 

in geologieal treatises. 
In .A.m. Geol., vol. 5, pp. 197-202. 
Review-eel by I. C. Russell in Am. Geol., vol. 7, 

pp. 238-2-H. 
.A. review of a paper on "The Newark Sys

tem," by I. C. Russell. Gives reason for 
objecting to the use of "Newark" as a 
group name, pp. 200-202. 

H[ITCHCOCK], C. II. Description of Grallator 
gracilis by (E. Hitchcock, '65, p. 8, pl. 9). 

Note on Anomropus gracillimus (E. Hitch
cock, '65, p. 6). 

Plants collected by. in the Newark system 
(Newberry, '88, p. !J2). 

Remarks on Brontozoum giganteum by (E. 
Hitchcock, '65, p. 23). 

Remarks on the origin of the Connecticut val
ley sandstone (Whitney, '60). 

HITCHCOCK, C. H., and W. P. BLAKE. JSH. 
Geological map of the United States. 
In Statistical atlas of the United States, based 

. on the Ninth Census, 1870 [etc.], by Fran
cis .A.. Walker, pls.13-14. 

First published in the reports of the Ninth 
Census of the United States, by F . .A.. 
Walker. .A.ppearecl also in the statistics 
of mines and mining, by R. W. Raymond, 
1873; in "Special report on the Smith
sonian Institution for the Centennial," 
Washington, 1876; and in 11 Atlas of the 
United States and the World," by Gray, 
Philadelphia, 1877 . 

.A. compiled map showing the distribution of 
geological formations in the United States. 

!:I[ITCHCOCK], EDWARD. 1815. 
Southampton lead mine and basaltic columns 

at Mount Holyoke, Mass. 
In North American Review, vol. 1, pp. 334-338. 
A 11opular letter on the subjects referred to in 

the title. 

IIITCHCOCK, EDWAHD. 1818. 
Remarks on the geology and mineralogy of a 

section of .Massachusetts on Connecticut 
river, with a part of New Hampshire and 
Vermont. 

ln .A.m . .Jour. Sci., vol. 1, pp. 105-116, 436-439, 
anclma11. 

Describes in general t,erms the geology in the 
neigl.Jborhoocl of Mounts Holyoke and 
Tom, Mass., pp. 105, 108, and map. 

HJi'CHCOCK, EDWARD. 1823. 
..1. sketch of the geology, mineralogy, and 

scenery of the region contiguons to the 
river Connecticut; with a geological map 
and drawings of organic rem a ins; aml oc
casional botanical notices. 
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HITCHCOCK, EDWARD-Continued. 
In Am. Jour. Sci., Yol. 6, 1823, pp.1-86, 201-236, 

pl. 0, and map op. p. 86; Yol. 7, 1824, pp. 1-
30, pl.l. 

Describes the Newark rocks of the Connecti
cut Yalley, in par~. under the name of the 
Old Reel sandstone, vol. 6, pp. 39-42. The 
"greenstone dikes" in the Uld Red sand
stone are described on pp. 56-59, and their 
origin discussed on pp. 59-Gl. Another 
diYision of the Newark recei,·es nttention 
nnder the name of the "Coal formation," 
pp. 61-80. In Yol. 7 the scenery of the 
Connecticut \alley is described, and in 
this connection the relief of seYeral trap 
hills reC\:lh·es nttention. 

H[ITCilWCKl, E[DWARD]. 1824. 
N otirc of a singular conglomerate, and of an 

interrsting locality of trap tnfr, or tufa. 
In Am. Jour. Sci., Yol. 8, pp. 2-!4-247. 
Describes exposures of trap tuff on the east 

side of Mount Tom, Mass. 

HITCHCOCK, EDWARD. 1824a. 
A grological and agricultural snr,ey of the 

district adjoining the Erie canal in the 
State oi New York, 11art 1, containing a 
description of the rock formations; to
gether with a geological profile; extend
ing from the Atlantic to Lakr Erir. 

Albany. 12mo, PlJ. 1-163, pls.1-2. 
TlH.' sections accompanying thi:; report show 

the positions of the Newark rocks and as
Hoeiatecl traps of the Connecticut Yalley. 

HITCHCOCK, EDWARD. 1828. 
Miscellaneous notices of mineral localities, 

with geological remarks. 
In Am. Jour. Sci., vol. 14, pp. 215-230. 
Rcfrrs briefly to an expoRure of Rands tone be

neath trap on the rast side of Mount 
Holyokr, Mass., p. 218, ancl records a few 
fact;:; concerning: the small outlying New
ark area in Woodbury and Southbury, 
Conn., pp. 227-228. 

HITCHCOCK, EDWARD. 1832. 
Report on the geology of Massachusetts; ex

muined under the direction of the goYern
ment of that state, during the years 1830 
ancll831. 

In Am. Jour. Sci., vol. 22, pp.1-70, and map op. 
p.l. 

Contains a brief account of the sandstone 
along the Connecticut river, but refers 
principally to its Yaluc as a building stone. 
'.rhe formation is termcL1 the New Red 
sandstone. 

:HITCHCOCK, EDWARD. 1835. 
Report on the geology, mineralogy, and botany 

of Massachusetts, in four parts; Part I, 

Economic geolog.}; Part II, Topografh
ical geology; Part III, Scientific geology; 
I' art IV, Catalogue of animals and plants. 
Amherst, 1835. Second edition, corrected 
m1f1 Pnlarged, pp. i-xii, 13-70:l, accompaniecl 
by 4to atlns of 10 plates. 

HITCHCOCK, EDWARD-Continued. 
First edition of Part r, Economic geology, 

Amherst, 1832, pp. 1-70, ancl geological 
map of Massachusetts. 

First edition of full report, Amherst, 1833, jlp. 

i-xii. 1-692, ancl4to atlas of 19 plates. 
The contents of the 2d eel., so far as it relates 

to theN ewark system, is as follows: 

Page. 
Newark system of Massachusetts 

briefly described ____ . . . . . . . 20 
Greenstone (trap) division briefly de-

scribed .. _._ .. ____ ._. ______ .23-24,31 
Discovery of limestone in the Connec· 

ticut Yalley __________ . ___ .. 38-39 

Building stone briefly described._.... 46-47 
Coal. _ ............. ___________ . _ .. _ . . . 53-54. 

Copper ores.......................... 71-72 
Detailed account of theN ewark system 211-251 

Mineral character of the sandstone 213-219 
Topography of the red sandstone_ 220-222 
Dip, direction, and thickness oft be 

sti'ata ...... ___ . _ .. _. __ . _ ... 222-228 
Mineral contents ............. _ ... 228-23i 

Copper. ________ .... _ .. _ . . . . . . 228-229 
CoaL . . . . . . . . . . . . . . . . . . . . . . . . . 229-232 
Lead, zinc, and iron .......... 232-233 
Iron sancl ....... __ .. __ . _ . . . . . 233 
Rotten stone .. __ ........... _ _ 233 
Satin spar.............. . .. . .. 233 
Sulphate of baryta. ____ ...... 233 
Sulphate of strontia. . . . . . . . . . 234 
Sulphate of lime ______ . ____ .. 234 

Organic remains . __ .. _____ . . . . . . . 234-243 
Animal ren1ains ...... ____________ 237-243 

Ichthyolites. . . . . . . . . . . . . . . . . . :l38-239 
Mollusca._..... .. . .. .. .. . . . . . 239 
Zoophyta . ________ ..... _ . _ .. _ 239-242 
Radiaria . ___ .. ____ .. ______ .. _ 242-243 

Theoretical considerations_~ .... _ 2.13-251 
Greenstone (trap) described. _________ 308-434 

Mineralogical characters ... __ .. _. 390-431 
Hornblende ancl feldspar. ___ . 399 
Columnar .................... 399-402 
Compact . _ ........... _ _ _ _ _ _ _ _ 402 
Chiefly greenish compact feld-

spar. ............. ___ . _. _ _ _ _ 402 
Inclnrated clay._ .. ___ .... __ .. 402 
Hornblende, Augite? and feld-

spar.- .................. __ ._ 403 
Porphyritic .............. _ . _ . 403-404 
AmygdaloidaL _ .. __ .... _. ___ . 404-405 
Concreted .... __ ......... __ . _ . 405 
Tufaceons .......... _ ... __ .... 405 

Topography of greenstone (trap)_ 405-410 
Situation of greenstone (trap) in 

relation to other rocks __ .. _. _ 411-421 
Chemical effects of greenstone 

(trap) upon other rocks ___ . __ 421-425 
Mineral coutents .............. __ . 425-431 
Theoretical considerations .. _. __ . 431-434 

The resemblance in external 
character between some Ya
rieties of our greenstones 
and the products of exist-
ing Yolcanoes .............. 431-332 



RUSSELL.) LITERATURE. 221 

HITCHCOCK, EDWARD-Continued. Page. 

Greenstone (trap) described-Continued. 
Theoretical considerations-Continued. 

The columnar structure of 
green .stone . . . . . . . . . . . . . . . . . 432 

The irregular manner in which 
greenstone is in t r u !led 
among stratified rocks . . . . . 432 

The mechanical effects of 
greenstone upon the strati-
fietl rocks .................. 432-434 

Unconformity of the Newark system 
with primary strata . . . . . . . . . . . . . . 510 

The trap system ..................... 513-514 
Catalogue of specimens from theN ew-

ark system ... ........ _ ........... 655-657 
Catalogue of specimens of trap ...... 669-670 

HITCHCOCK, EDWARD. 1836. 
Ornithichnology. Description of the foot

marks of birds (Ornithichnites) on New 
Red sandstone in Massachusetts. 

In Am. Jour. Sci., vol. 29, pp. 307-340, and 
3 plates. 

Abstract in Neues Jahrbuch, 1836, pp. 467-
472. 

Refers to early discussion of fossil footprints 
in Massachusetts, mentions several locali
ties at which they occur, discusses the 
nature of the animals that made tho 
tracks, aucl t1cscribes and figures several 
species. 

HITCHCOCK, EDWARD. 1837. 
Researches in theoretical geology by H. T. 

De La Beebe, with a preface and notes by 
Prof. Edward Hitchcock. 

New York. 12mo, pp. i-xv, 1-3!2. 
Contains a note on the fossil fishes 'Jf the 

Connecticut valley, p. 2ii7, and also on the 
fossil footprints of the same region, pp. 
271-273. 

HITCHCOCK, EOWARD. 1837a. 
:Fossil footsteps in sandstone aml graywacke. 
In Am. Jour. Sci., vol. S2, pp. 174-176. 
Abstract in Neues Jahrbucb, 183'7, pp. 602-

603. 
Mentions the advance that ltas been made in 

the study of the fossil footprints of the 
Connecticut valley and gives a list of 
species described. 

HITCHCOCK, E. 1837b. 
Ornithichnites in Connecticut. 
In .im. Jour. Sci., Yol. 31, pp. 174--175. 
Brief mention of additional localities in Con

necticut at which fossil footprints haYe 
been found. The footprints are describetl 
briefly and their names given in some 
instances. 

lll'l'CHCOCK, EDWARD. 18-U. 
Final report on the geology of Massachusetts. 
~orthampton, 4to, Yol. 1, pp. i-xii, 1a-,-lla, 1-

290, pls. 1-1! and a map; YO!. 2, ]Jp. 300-
381, ]Jls. 15-55. 

The contents of this report, so far as it re
lates to the Newark system, is as follows; 

HITCHCOCK, EDWAIW-Contin ned. 

A reprint of a report by H. D. Rog
ers, L. Vanuxem, R. C. T ylor, E. 
Emmons, and T . A. Conrad, ofthe 
Association of American Geolo
gists, on the Ornithichnites or foot
marks of extinct birds in the [.New
ark system] of Massachusetts and 
Connecticut, observed and de
scribed by Prof. Hitchcock, of 
Amherst ......... ........... - ... . 

Page 

2a-3a 
Coal in the Connecticut valley ....... 138-143 
Trap rocks (greenstone) for building .. 152-153 
Sandstone quarries ................... 180-181 
Rocks suitable for whetstones and 

grindstones .... _ .... -• ........... 213-214 
Rocks suitable for flagstones......... 214, 
Scenographic geology ................ 241-2~9 

Mount Holyok~- ................. 241-243 
Titan's pier ....... .. ............. 2!3-244 
Titan's piazza .................... 24!-246 
Mount Tom ...................... 2!6-2!7 
Sugar Loaf. ...................... 247-248 
Mount Toby ..................... 248-249 
Valley of the Connecticut._ ...... 256-259 
Turners Falls .. . ....... .......... 275-277 
Ij:olyoke falls ..................... 277-278 
South Hadley Falls .............. 284-285 
The gorge or glen in Leyden .. _ .. 285-286 

A tabular view of the rocks of Massa-
chusetts . . . . . . . . . . .. . . . . . . . . . . . . . 303 

The Newark system (New Reel sand-
stone) described .............. 434-450 

Lithological character.~ ........... 441-446 
Conglomerate ................ 441-442 
Tufaceous conglomerate. . . . . . 442 
Sandstone ................... 442-4!3 
Shale......................... 443 
Limestone .................... 444-446 

Topography of the formation .... 446-447 
Dip, strike, and thickness of t.he 

strata ........................ 447-448 
:lriueral contents .... ... ......... . 448-440 
Organic remaius ............. _. . . . 4!9-528 

Vegetable remains.... . . . . . . . 450-458 
Animal remains ....... _ ... _ . . 458-464 

Fossil footmarks. . . . . . . . . . . . . . . . . 46!-528 
Localities .................... 465-467 
A general description of the 

natnre and situation of the 
fossils .......... ...... _ .. _ .. 467-474 

Specific tlescription of the 
footmarks ................. 474-501 

Impression of raindrops ..... 501-503 
Fossil oones. . . .. . . . . . . . . . . . . . . . . . 503-504 
Tracks of liYing animals ......... 50!-508 
Conclusion from all the facts ..... 508-525 
Artesian wells. . . . . . . . . . . . . . . . . . . 535 
Theoretical considerations relat-

ing to the formation generally. 526-531 
Greenstone (trap)_ ...... ........ ..... 6!1-663 

LithologiCal character ............ 6!1-6!5 
Hornblende and feldspar..... 6!1 
Columnar trap ............... 641-6!3 
Compact trap... ... . . . . . . . . . . 6!3 
Indurated clay. . . . . . . . . . . . . . . 644 
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lfiTCJICOCK, EDWARD-Continued. Page. 
Greenstone (trap)-Continued. 

Lithological character-Continued. 
Amygdaloidal trap ........... 6-!4-645 
Concreted t rap ............ ... 645 
Tufaceous trap.... .. . . .. .. . .. 645 

Topography of the greenstone 
(trap) ................... ..... 646--G50 

Situation of the greenstone in re-
lation to other rocks ........ 650-656 

Dikes of greenstone ......... 655-656 
Chemical effects of greenstone on 

other rocks ................... 657-660 
Mineral contents of greenstone 

(trap) ........................ 660-663 
Newark syst~...................... 712 
Catalogue of specimens from the 

Newark s ys tern .. .. .. .. .. .. .. .. .. 804--806 
Catalogue of specimens of greenstone 

(trap) ............................ 819-820 
HITCHCOCK [EDWARD]. 18Uu. 

[Remark on joints and fractures in the sand
stone and trap of the Connecticut valley.] 

In Am . .Jour. Sci., vol. 41, p. 173, and also in 
Am. Assoc. Geol. and Nat., Proc., p. 25. 

Brief abstracts of remarks on a paper, by 
Prof. Mather. concerning joints in rocks. 

HITCIICOCK~ EDWARD. 1841b. 
First anniversary address before the Associa

tion of American Geologists, at their sec
ond annual meeting at Philadelphia, 
April 5, 1841. 

In Am . .Jour. Sci., vol. 41, pp. 232-275. 
States briefly the geographical distribution of 

the Newark sys'tem · and discusses the 
question of its age, pp. 244-245. The "New 
Red samlst011.e system" is mentioned on 
p. 267. 

HITCIICOCK [EDWARD]. 1842. 
On a new species of Ornithichnite from the 

valley of the Connecticut river, and on the 
raindrop impressions from the same local
ity. 

In Am. Jour. Sci., vol. 43, p. 170; also in Am. 
Assoc. Geol. and Nat., Proc., p. 63. 

Title of paper only, followed bt remarks by 
Charles Lyell and H. D. Rogers, W. B. 
Rogers, Benjamin Silliman, jr. [C. W.J 
Redfield, and .John L. Hayes. 

HITCIICOCK, EDWARD. 1843. 
The phenomena of drift, or glacio-aqueous 

action in North America, between the 
Tertiary and Alluvial periods. 

In Am. Assoc. Geol. and Nat., '.rrans., pp.164--
221, pls. 7, 8, 9. 

Describes briefly the general geology and 
topographical features of the region about 
Mount Tom and Mount Holyoke, Mass. 

IIITCIICOCK, EDWARD. 1843a. 
Description of five new species of fossil foot

marks, from the Red sandstone of the 
valley of Connecticut river. 

In Am. Assoc. Geol. and Nat., Trans., pp. 254--
264, pl.ll. 

Devoted principally to the description of new 
species of footprints, obtained near Tur
ners Falls, Mass., by James Deane. 

IIIT<JIICOCK, EDWARD. 1843b. 
Description of several species of fossil plants, 

from the New Red sandstone formation of 
Connecticut and Massachusetts. 

In .Am. Assoc. Geol. and Nat., Trans., pp. 294-
296, pls. 12, 13. 

Describes briefly the character of the rocks 
forming tho small Newark area at South
bury, Conn., and gives the results of a 
microscopical examination of a specimen 
of fossil wood found there. Fragments of 
fossil ferns from localities in Massachu
setts are also briefly described. 

IIITCIICOCK [EDWARl)]. 1844. 
The trap tufa or volcanic grit of the valley of 

the Connecticut river, with inferences as 
to the relative age of the tra.p and sand
stone. 

In .A.m . .Jour. Sci., vol. 47, pp.103-104. 
Abstract of remarks describing the character 

of the tufa, method of its formation, etc. 

IIITCIICOCK [EDWARD]. 184:4a. 
Report on ichnolithology, or fossil footmarks, 

with a description of several new species, 
and the coprolites of birds, from the val
ley of the Connecticut river. 

In .A.m . .Jour. Sci., vol. 47, pp. 292-322, pls. 3, 4. 
Abstract ibid., pp.113-114; also in, Neues 
.Jahrbucb, 1845, pp. 753-757. 

Reviews the discussion of the question of :first 
discovery of fossil footprints in the sand
stone of the Connecticut valley, describes 
several new species of footprints, and dis· 
cusses the nature of certain coprolites. 

IIITCIICOCK, EDWARD. 18Hb. 
Discovery of more native copper in the town 

of Whately, in Massachusetts, in the -val
ley of Connecticut river, with remarks on 
its origin. 

In .A.m . .Jour. Sci., vol. 47, pp, 322-323. 
Describes the occurrence of a mass of native 

copper in the drift at the locality men
tioned. 

HITCHCOCK, EDWARD. 18441.!. 
Geological map of Massachusetts: Scale 5 

miles to 1 inch, or :nino• 1844. 
On wall map of Massachusetts. 

IIITCHCOCK, EDWARD. 1844d. 
[On priority in the discovery of fossil foot

marks in the sandstone of the Connecticut 
valley.) 

In Am . .Jour. Sci., vol. 47, pp. 390-399. 
Devoted te the question of priority in the dis

covery of the footprints in question. 

HITCHCOCK, EDWARD. 1844e. 
Explanation of the geological map attached 

to the topographical map of Massachu
setts. 

Boston, 12mo, pp. 1-22. 
Contains a brief description of trap and trap

tuff or tufaceous conglomerate occurring in 
the Connecticut valley, and also refers to 
the distribution of the Newark sandstone 
in the same region. 
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HITCHCOCK, EDWAUD. 1845. 
An attempt to name, classify, aml des en be the 

animals that made the fossil footmarks of 
New England. 

In .Am. Assoc. Geol. and Nat., Proc., sixth 
meeting, pp. 23-25. 

Presents a list of families, genera, and species 
of the animals that made the footprints in 
theN ewark rocks of the Connecticut val· 
ley. .A revised classification based on a 
new set of. measurements. 

HITCHCOCK, EDWARD. 184:5a. 
Remarkable facts respecting the magnetic 

polaTity of trap rocks in New England. 
In Am . .Assoc. Geol. and Nat., Proc., sixth 

meeting, p. 32. 
Brief abstract of a paper recording observa

tions on the magnetic attraction of the 
trap rocks of the Connecticut valley. 

HITCHCOCK, EDWARD. 1845b. 
Analysis of coprolites from the New Red 

sandstone of New England. 
See Dana, S., and E. Hitchcock, 1845. 

HITCHCOCK, EDWARD. 184-5c. 
[Miscellaneous remarks upon fossil foot. 

marks.] 
In Am . .Jour. Sci., ,-ol. 48, pp. 62-64. 
Brief remarks on Yery large footprints found 

principally in Northampton, Mass. 

HITCHCOCK, EDWARD. 1847. 
Description of two new species of fossil foot

marks found in Massachusetts and Con
necticut, or of the animals that ma.de 
them. 

In Am . .Jour. Sci., 2d ser., vol.4, pp. 46-57. 
Describes two new genera of footprints, re

presented by a siugle species each, from 
South Hadley, :;'\Iass. Discusses also the 
conditions under which the footprints in 
the sandstone of the Connecticut valley 
were made. 

HITCHCOCK, EDWARD. 1847a. 
On the trap tuff, or volcanic grit of the Con

necticut -valley, with the bearing of its 
history upon the age of the trap rock and 
sandstone generally in that .-alley. 

In Am . .Jour. Sci., 2d ser., -vol. 4, pp. 199-207. 
Describes the lithological characters of the 

various trappean rocks of the Conuecticut 
valley, explains the structure of mounts 
Tom ancl Holyoke, and the topography 
of the trap riclges; also considers certain 
organic remains associated with the trap; 
discusses the mode and the period of the 
production of the trap. 

H~TCHCOCK, EDWARD. 184:8. 
An attempt to discriminate and describe the 

animals that made the fossil footmarks in 
the United States, and especially New 
England. 

In Am . .Acatl., Mem., n. s., .-ol. 3, pp. 129-256, 
pls. 1-24, and a table op. p. 256. 

Discusses the principles on which animals 
are classified from their footprints. De
liCribes large number of genera and spe-

HITCHCOCK, EDWARD-Continued. 
cies. The matter contained in this paper 

. is embodied in Hitchcock's later work on 
the " Ichnology of New England," 1858. 

HITCHCOCK [EDWARD]. 1853. 
[Remarks on the fossil footprints of the Con

necticut valley.] 
Boston Soc. Nat. Hist., Proc., vol. 4, pp. 375-

379. 
Gives an account of a measured section across 

the Connecticut valley, showing a great 
thickness of strata. Thickness of rock 
above the highest footprint found is also 
stated. Considers that the dip of the 
sandstone containing footprints has not 
been caused by the intr.usion of trap. In
fers that the entire thickness of sandstone 
can not all belong to the Newark system. 

HITCHCOCK, EDWARD. 1855. 
Description of several sections measured 

across the sandstone and trap of Connecti
cut river valley in Massachusetts. 

In .Am . .Assoc . .Adv. Sci., Proc., vol. 9, 1836, 
pp. 225-227. 

Describes briefly the principal facts resulting 
from the measurement of three sections 
across the Connecticut valley, located .at 
Turners Falls, Mount Tom, and Chicopee, 
Mass. The thickness of the rocks is 
stated as well as their probable age. 

HITCHCOCK, EDWARD. 1855a. 
Elementary geology. 
New York, 30th eel., 12 roo, pp. i-xviii, 19-424, 

pl. 1. 
Earlier editions not noted. 
Gives a brief account of columnar trap at 

Mount Holyoke, Mass., pp. 87-88. 
Describes briefly the footprints and rain drop 

impressions of the Connecticut valley 
sandstones, pp . 181-190. Discusses the 
age of the Newark system, pp. 407-409. 

HITCHCOCK, EDWARD. 1855b. 
Additional facts respecting t.he tracks of the 

Otozonm Moodii on the Liassic sandstone 
of the Connecticut valley. 

In Am . .Assoc. Aclv. Sci., Proc., vol. 9, 1856, 
p. 228. 

Describes certain features of the tracks men
tioned, and states localities at which they 
havi been discovered. 

HITCHCOCK, EDWARD. 1856. 
Outlines of the geology of the globe. 
Boston, 3d eel., pp.1-136, pls.1-6, and two maps. 
Contains a short account of the Newark sys-

tem and a brief discussion of its probable 
age, pp. 66-99. 

HITCHCOCK, EDWARD. 1856a. 
Description of a new and remarkable species 

of fossil footmark, from the sandstone of 
Turners Falls, in the Connecticut Valley. 
[Part 2 of an article entitled "On a new 
fossil fish, and new fossil footmarks.] 

In Am . .Jour. Sci., 2d ser., vol. 21, pp. 97-100. 
Abstract in Neues .Jahrbuch, 1856, pp. 237-238. 

Describes the genus Gigandipus, and the 
species G. cattdattts. 
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HITCHCOCK [EDWARD]. 1857. 
[On some regular, polygonal depressions found 

in the samlstone of the Cvnnecticut vaL 
ley.] 

In Boston Soc. Nat. Hist., Proc .. vol. 6, 1856-
1859, p. 111. 

Brief description vf the depressions, with the 
statement that they might have been made 
by tadpoles. 

HITCHCOCK, EDW A.IW. 1858. 
Ichnology of New England. A report on the 

sandstone of the Connecticut valley, es· 
pecially its fossil footmarks, made to the 
government of the commonwealth of Mas
sachusetts. 

Boston, 4to, pp. i-vii, 1-220, pls. I-LX. 

Reviewerlin.Am . .Jour. Sci., 2d ser., vol. 27, pp. 
270-272. 

Abstract in Neues .Jahrbuch, 1859, and in Am. 
.Jour. Sci., 2d ser., vol. 27, pp. 270-272. 

The following is an alHstract of the contents 
of this volume, as gi>en on pages v-viii: 

Page. 
Bibliography of North American fos-

sil footmarks..................... ix 
History of the subject . .. .. . . .. .. . .. . 1-5 
Geological position of the Connecticut 

riYer sandstone ................. . 
Geological sections across the Connect-

icut valley . .. . . .. . .. .. . . . . .. .. . .. 9--13 
:)ip and strike of the strata...... 10 
Varieties of rock.... .. .. .. .. . . . .. 10 
Thickness of the strata . . . . . . . . . . 11 
Inferences from the sections...... 13 

Mode in which the sandstone bas been 
ele·mted.. .. .. .. . . . . . . . .. .. .. . . . .. 15 

Mode in which the trap rock has been 
introduced into the sandstone.... 17 

Final conclusionfl as to the ago and 
equivalency of the Connecticut 
river sandstone................... 20-22 

Characters in the feet of animals con
stant and distincth·e, illustrate<l 
by the study of the feet and foot-
prints of liYing animals.......... 2.1-45 

Names and classification of the Lith-
icbnozoa, or footmark animals.... .16 

Detailed descriptions of groups and 
species .. . . . .. . . .. . . . . . . .. .. . . .18-5! 

Localities where footprints have 
been obtainetl in the Connect-
icut valley . . . . . . . . .. . .. .. .. .. .19 

Group 1. Marsupialoicl animals . . . . . . 5.1-60 
Group 2. Pacbydactylous or thick-

toed birds. . . . . . . . . . . . . . . . . . . . . . . . 63-80 
Group 3. Leptodactylous or narrow-

toed binls........................ 80-93 
Gron}J .1. Ornithoid lizards or batra-

chians ............................ 93-107 
Group 5. Lizards .................... 107-129 
Group 6. Batrachians ................ 121-138 
Group 7. Chclonians ................. 138-1.1.1 
Group 8. Fishes ............ ......... 1.14-147 
Group 9. Crustaceans, m;yriapods, and 

insects .......................... . 147-160 
Group 10. Annelids .................. 160-16.5 

HITCHCOCK, EDWARD-Continued. I'age. 
Opinions of zoologists and anatomists 

as to the character of some of 
the invertebrate tracks .. ·.. . . . 1G5 

[Contains observations by J. D. 
Dana, .Joseph Leicly, and Louis 
.Agassiz~] 

Tabular view of the Litbi0hnozoa .... 201-205 
Other phenomena connected with or 

illustrating the footmarks ... 166-172 
Impressions of raindrops......... 166 
Gas 1mstules..................... 168 
Ripple marks.................... 168 
Septaria. . . . . . . . . . . . . . . . . . . . . . . . . . 169 
Sun cracks and mud veins . . . . . . . 169 
Fucoids and other fossil plants... 170 
Tracks of recent animals and rain-

drops on clay.. . .. .. . .. .. . .. .. 170 
Results and conclusions as to the cir

cumstances umler which the foot-
marks were formed ..... . ........ 11~-174 

Synoptical Yiew of the species and 
kinds of animals . .. .. . .. . .. .. .. .. li4 

A more popular description of the 
footmark animals in the several 
groups ........................... 175-190 

Controversial ....................... 191-199 
Glossary . . .. .. .. . .. . . .. . .. .. . .. .. .. .. 207 
The plates accompanying this volume 

are as follows: 

rlate. 
Sketch of the :Moody footmark quarr~-, 

South HacUey, :Mass ............. . 
Ichno-geological map of the Connecti-

cut valley. ......... ....... . ...... 2 
Sections across the Connecticut valley 3 
.Appleton cabinet., exterior and inte-

riorvie,,-s of ..................... . 
Plant and shell in sanrlstonc ......... . 
Tracks of living animals, etc ....... . 
Plants,footprintsofli'dnganimals,etc. 
Outline drawings of fossil footprints. 8-21 
Shaded lithograph of footprints of 

Otozoum.. .. . . .. . . . . .. . .. . . . . . . . . 22 
Outline drawings of fossil footprints 

and other markings . . . . . . . . . . . . . . 23-31 
Footprint of boy aml of a binl, etc... · 32 
Outline drawings of fossil footprints. 33-37 
Shadefi. lithograph of fossil footprint;,, 

etc. .......................... 38-60 

HITCHCOCK, E. 1S59. ~ 

[Catalogue of rocks, minerals, and fossils in 
the Massachusetts state cabinet.] 

In sixth annual report of the secretary CJf the 
::\Iasflachu~etts Board of .Agriculture 
[etc.], Boston, 1859, appendix, pp. i-ls:ix. 

Contains a list of specimens, including ;;;am
ples of rock, fossil plants, fossil fishes, 
ancl footprints, from the Newark Kystem 
in Massachusetts and Connecticut. 

HITCHCOCK, EDWARD. 1S60. 
Additional facts respecting the Clathr< pteris 

of East Hampton, Mass. 
In .Am. Assoc. Adv. Sci., Proc., vol. 14, 1861, 

pp. 158-159. 
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HITCUCOCJ{, EDW A RD-Contiuttt-ll. 

Heconls some of the characteristics of the 
fossil fern lllentioncd. 

HlTCJICOCR, K 1860. 
Remarks uvon certain points in ichnology. 
In Am. Assoc. Adv. Sci., Proc., vol. 14, 1861, 

pp. 144- 156. 
Referl! to the charaeteriHtics of fo~:-~sil foot

prints and their paleontological value. 
HITCHCOCK, EDWARD. 1863. 

New facts anrl conclusions re,;pecting tlw fossil 
footmarks of the Connectient valley. 

In Am. Jour. Sci., 2d ser., vol. 3:3, pp. 46-57. 
Heconls additional olmervatious a11d conclu

sions conePrniug the fo~~:-~ils meu Lion ell. 
HITCHCOCI{, ImWAl~D. 1865. 

Supplement to the Ich11ology of New Eug
lan!l. 

Boston, 4to, pp. i-x, 1-96, pls. 1-20. 
Notice in Am. Jour. Sci., 2ll ser., vol. 40, p. 

392. 
CON'l'lcNTS. 

Letter from the aut.hor .............. -
Preface by the editor [C. 11. Hitch-

cock) .. ____ ...................... . 
Additions to the ichnological cabinet 

at Amherst college ........... ... . 
Species described in Ichnology of New 

E11glallll which are not reliable ... 
List of species that are considered 

doubtful ........................ . 
Descriptions of new species ......... . 
Tracks of insects ........... _ ....... . 
Tracks of myriapods ................ . 
Trails of annelids ................... . 
Specimens of doubtful origin and 

character ....................... . 
M1scellaneous items . ........ ... . - .. -
Brontozoum giganteLlm, description 

of .................... --···· ..... . 
Phalanges of some of the LiLhiclmozoa 
J. D. Dana's views concernhtg tho 

footprint animals ............... . 
Postscript ........................... . 
Bone~:~ of Megaclactylus polyzelus ... . 
Descriptive catalogue of the speci-

mens in the Hitchcock ichnologi
cal cabinet at Ainherst college, by 
C. H. llitchcock __ .. _ ........... . 

Additimml observations concerning 

Page. 
vii-v iii 

ix-x 

2 

2-22 

13-17 
17-18 
18-19 

19-22 
22-34 

23-25 
25-28 

33-34 
35-37 
39- 40 

41-88 

Exocampe lllinima, by C. H. II... 89 
Description of plaks . . . . . . . . . . . . . . . . 91- 93 
Plates 1-12, 20, are lithograph~, aml rem;tin

dor are photographs. 
Hl'l'CIICO(:U:, E. Cited on the age of the coal 

Jields of North Carolina (Emmons, '56, p. 
271). 

Cited on tho age of tho Counectieut valley 
sandstone (J.D. Dana, '56, p. 322. Jack
son, '50, pp. 335, 338). 

Cited on the age of the Newark system (C. H. 
Hitchcock, '71, p. 21. Mather, '43, pp. 
293-294. Newberry, '88, p. !l. H. D. 
Rogers, '44, p. 248. H. D. Rogers, '58, 
vol. 2, p. 693). 

Bull. 85--15 

III'fClteOCK, E.-Continu9d. 
Cited on the canse of the tilting of the New· 

ark (W. M. Davis, '83, p. 303). 

Cited~n coarse deposits in Massachusetts (J. 
D. Dana, '90, p. 436). 

Cited on contact metamorphism in Massachu
setts (W. M. Davis, '83, p. 300). 

Cited on the dip of the Newark of lhe Con
necticut valley (\V. M. Davis, ·s:l, p. ~06). 

Citecl on tbe dist.ribution of conglouHirate in 
t.he Jura-Trias of the ConuecticttL valley 
(H.nssell, '7P., pp. 231, 238). 

Cited on t.ht~ early LU;;covery of fo~sil fislt es in 
the Nc'il'nrk syslem (Newlicrry, '88, p.1!l). 

Cited on t.lte extntsi ve trap sheet,,; in the Con
Itect.icnL Yalll'Y (Davis :mtl ·whittle, '8!l, p. 
!l!l). 

Cited Oil the fir~:-~L discovery of the Tnassic in 
.Amcriea (Marcou, '&8, p. 31). 

Cited on fo t>s il fern from the Conneclicnt. val 
loy (Fontaine, '8~3, ll· 57. B. llitehcock, 
'55a, p. 407). 

Cited on f"o t>s il fishes from tho Connecticut 
vall<\\' (Eaton, '20, pp. 215-~Hl. Harlan, 
'3-!, pp . !l2-0-l. J. H. l{ctl1il'l cl, ·~o. t;illi
lllan, '2 1, lJJl · 221-222). 

CHell on fo,;sil ft>;ltc~ of the Newark sys tem 
(Newberry, '88). 

Ciiell ou fos ,;il fooLpriuts (l\lurchiRon, '4:l). 
Cited on i'os ,;il footprint~ froill tlto Connecti

cut valley (Deane, '45, pp. 15!l, 160, 1til, 
166, 167. D'Orbigny, '4!l, vol. 1, pp. 27-
32. Gmy and Adams, 'GO, pp. 2-!7-252. 
Lea, '53, pp. 18G, 186, 187, 188, 18!:1, l!l~-1!:14. 

Lyell, '66, pp. 45:J-456. Lyell, '71, p. 361. 
Owen, '59, pp. 325-327. Pictet, '53, vol. 1, 
p. 403. IV. C. Redfield, '38. II. D. Rog
ers, '58, vol. 2, p. 694. Hussell, '78, p. 231. 
Winchell, '70, pp. 18~185). 

Cited on fos sil plants from tho Connecticut 
valley (Lyell, '47, p. 279). 

Cited on the geology of the Connecticut val
ley (Danberry, '39, pp. l!l, 21). 

Cited on the mode of formalion of the Newark 
rocks of the Connecticut valley (Lea, '53, 
pp. 191-192). 

Cited on Mormolucoides articulatus (Scudder, 
'68, 1). 218. Scutlder, '8!, p. 431). 

Cited on the names of certain fos;;il footpriuts 
from Turners falls, Mas;;., figures by 
James Deane (Silliman ancl Dana., '47). 

Citetl on the nature of the trap of the Con
necticut valley (Cooper, '22, ]Jp. 2-!2-2-1.3). 

Cited ou tho number of joints in the toes of 
fossil footprints (Silliman and Dana, '47). 

Cited on the number of phalanges in the toes 
of birds (1::\illiman, Silliman, jr., aml Dana, 
'47). 

Cited ou the occurrence of fossil fishes at 
Sunderland, Mass. (Brongniart ancl Silli
man, '22. Silliman, '21a). 

Cited on the oecurrence of fossil footprints at 
Middletown, Conn. (Anonymous, '38a). 

Cited on the origin of the Newark rocks of 
the Connecticut valley (J.D. Dana, '83). 



226 THE NEWARK SYSTEM. (BULL.85. 

HI'fCIIt.:OCK, E.-Coutiouerl. 
Cited on the origin of tho reel color of the 

Newark sanJslone (Uus~ell, '89, p. 49). 
Cited on tile origin of the hap of Co~necticut 

( rro,·cy, '89, 11. 376). 
Citetl 011 the original horizculal deposition of 

the sandstoues of the Connecticut valley 
(Wurtz, '70, p. 100). 

Cited on peculiar raindrop impressions (Anon
ymous, '39). 

Cilerl on the rclat.ion of trap and sands lone in 
the Connectieut ;valley (Stotl<lcr, '57. W. 
.I'lL Davis, '83, p. 2R5). 

Cited 011 the source of the conglomerate a-t 
the north oml of the Connecticut valley 
(Atlams, '46, p. 160). 

Citell on the stratigraphy ncar Mount Toby, 
Mass. (Walling, '78). 

Cit.ed on :mpposed tadpole nests from South 
Hadley, Mass. (Shepard, '67, pp. 99, 100). 

Cited on the tracks of a tailed "giant biped,. 
(Hitchcock, '55, p. 305). 

Citetl on trap clikes in Connecticut (W. M· 
Davis, '83, p. 292). 

Cited on trap dikes in Massachusetts (W. M. 
Davis, '83, pp. 291- 292). 

Citcrl on tufaceons conglomerate in Massa
chusetts (W. M. Davis, '83, p. 263). 

Cre<lit.ecl with tlte study of tho footprints of 
the Connecticut valley (H. D. Rogers, '44, 
p. 249). 

Excursion witl1, in the Connecticut valley 
(Lyell, '45, Yol. 1, pp. 251 -255). 

List of fof;sil fishes from New .Jersey and the 
Connecticut valley described by (De Kay, 
'42) . 

Notice of work by (Miller, '79-'81, vol. 2, pp. 
146-147, 148, 152, 153, 154). 

Reference to fossil bones funnel by, in the Con
necticut valley (Marsh, '89, p. 331). 

Rcferre<l to in connection with fossil foot
prints (Macfarlane, '79, p. 63). 

l{eport on footprints observed and described 
by (Rogers, Vanuxem, Taylor, Emmons, 
and Conrad, '41). 

Work of, referred to (C. H. Hitchcock, '71, p. 
20). 

HI'l'CII COCK, EDWARD, and CHARLES ll. HITCH· 
COCK. 1859. 

[Report on Hunterdol). copper mine, Fleming. 
ton, New .Jer~:~ey.] 

In report on the geological survey and conlli
Lions of the Hunterdon Copper Company's 
property, Hunterdon county, New .Jersey, 
Philadelphia [Pa.], p. 20. 

Presents a brief general account of the geolog
ical position of the mine referred to, 
with character of rock, ore, etc. 

IIITCHCOCK, EDWAitD, and C. H. lll'L'CHCOCK. 
1867. 

Elmmmtary geology. 
New York, 12mo, new eel., pp. i-xiv, 15-430, 

pl. 1. 
Toole showing geological classification, p, 43. 

'rrap rock at Mount Holyoke, p. 87. 
Fossil fern from East llampton, Mass., p. 
295. Brief account of the footprints and 

Jll'l'CIICOCK, ImWARD ~ncl C. H. UI'l'CIICOCK-
Continued. 

raindrop iinpressiuns of Nte sandstonf'S 
of the Connecticut valley, pp. :>09-3:W. 
Older Mesozoic systems brietly tliscus;;e!l, 
pp. 415-416. 

lll'l'VHCO{)K E[DWARD], Jr. 1855. 
Description of a new species of ClatbrOJlteris, 

discovered in the Connecticut valle~· 

sandstone. 
In Am . .Jour. Sci., 2d ser., YOl. 20, pp. 22-25. 
Desrribes the fossil plant referrt·<l to in the 

title and draws ceriain conclusions from 
it in respect to the age of the Couuecticut 
Yalley sandstone. 

Hl'l'VHCOmi:, E., Jr. Ul56. 
A ne'v- fossil shell in i.he Connecticut river 

sandstone. 
ln Am . .Tour. Sci., 2tl ser., vol. 22, 1Jp. 239-240. 
Notice in Edinburg New Philo . .Jour., n. s., 

vol. <i, 1857, pp. 185-186. 
Descril.Jcs and figures the form referred to in 

the title. 
lll'l'CIICOCK, Jr., E. Cited on Clathropteris 

from Connecticut valley (.J. D. Dana, '56, 
11. 322. Font~.ine, '83, p. 57. E. Hitch· 
cock, '55, p. 227. C. H. llitchcock, '55, p. 
392. W. C. Redficltl, 56a, p. 357. 

Citetl on a fossil fern from Massachusetts 
(Ilitchcock and Hitchcock, '67, p. 416). 

Citccl on the discovery of fossil fern at Mounl 
Tom, Mass. (Wells, '56). 

Discoveries relative to the age of tbo Connect· 
icut valley sandstone (2 Hitchcock, '58, 
p. 6). 

Hoboken, N.J. Bored well in (Ward, '79, p.132). 
Boumlaryoftrap outcrop at (Cook, 'G8, p.177). 
Description of indurated shales near (Darton, 

'83a). 
Dip in sandstone at (Cook, '82, }). 24). 
Faults in trap ridge ncar (Darton, '90, pp. 42, 

43, 44). 
Lower contact of trap sheet near (Darton, 

'90, p. 44). 
Possible origin of the arkose near (D. S. Mar

tin, '83). 
Section of trap ridge near (Darton, '90, p. 44). 
Trap at (IJredner, '65, pp. 392-394). 

Hockersville, Pa. Description of brownstone 
quarries near (d'Invilliers, '8G, pp. 1567-
1566). 

HOFFl\lANN, F. 1822. 
[A. letter to L. \V. Gilbert concerning the oc

currence of native copper in the Connect
icut valley.] 

In Annalen der Physik [Gilbert], vol. 70, pp. 
432--436. 

Compares the copper-bearing slates of tbe 
Newark system in the Connecticut valley 
with similar rocks in Europe. 

Hog island, P. E. I! .Joints in rocks of (Dawson 
and Harrington, '71, p. 21). 

Mention of trap rock on (Chapman, '76, p. 
92. Chapman, '78, p. 121. Dawson and 
Harrington, '71, p. 21. Dawson, '72, p. 
203). 
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Hog islaml, P. E. I.-Continued. 
Trap rock on (Dawson, '78a, })p. 29, 31. Daw

son, '78, p. 123. Ells, '84, p. 18E). 

Hohokus, N.J. Conglomerate at (Cook, '82, p. 
41). 

Dip at (Cook, '68, p. 195). 
Dip in sandstone at (Cook, '70, p. 30. Cook, 

'82, p. 24). 
Samlstono quarry at (Cook, '79, P; 21). 
'l'rap hill near (Cook, '82, pp. 48, 40). 

Holl:md, lUass. Description of trap dikes in 
primary rocks in (Percival, '42, pp. 419-
420). 

Holland hill, N.J. Conglomerate of (Cook, '79, 
p. 10). 

HollatHl station, N. J. Boundaries of Newark 
system near (Cook, '89, p. 11). 

Dip in conglomerate near (Cook, '82, p. 27). 
HOLUCK, ARTHUR. 1889. 

[Rema1·ks on the pressure of Newark rocks 
on Staten island.] 

In Am. Nat., vol. 23, pp. 1033-1034. 
Describes the occurrence of Newark rocks on 

the north shore of Staten island at Mar
iner's harbor. 

HOLLICK, ARTHUit. 1889a. 
[Exposures of Newark rocks on Staten island, 

N.Y.l. 
In Staten Island Nat. Hist. Assoc., Proc., 

Oct. 10, 1889. 
Refers briefly to exposure of Newark rocks. 

Holts Jlill (ltleritlen), Conn. Decomposition of 
sandHtone at (Percival, '42, p. 436). 

Holyoke, ltlass. Columnar trap of (E. Hitchcock 
'55a, pp. 87-88). ' 

Contact of sandstone aml trap near (W. M. 
Davis, '83. p . 262). 

Overflow trap sheets near (W. M. Davis, '88, 
p. 465). 

Section at. sl10wing junction of amygdaloid and 
sandstone (W. M. Davis, '83, pp. 305- 307, 
pl. 10). 

Study of the structure near (W. M. Davis, '88). 
Holyoke f:tlls, ltlass. Description of (E. Hitch

cock, '41, pp. 277- 278). 
Ilolyokc, ltlount, ltlass. Popular account of 

basaltic columns at (E. Hitchcock, '15 
pp. 337- 338). 

Trap of(Rice, '86). 
See, also, Mount Holyoke. 

Homestead, N.J. Alteration of rock at (Cook, 
'82, p. 45). 

Altered shale near (Cook, '83, p. 24). 
Mention of building stone ncar (Cook, '81, p. 

43). 
Sandstone quarries at (Cook, '79, p. 21). 

Honey Bush, Pa. Trap dikes in (Frazer, '83, P. 
246). 

HONEUIAN, D. 1867. 
Geology of Antigonish county, N[ova] S[co

tia]. 
In Nova Scotia lust., Proc. and Trans., vol.-

1, pt. 4, pp. 106--120. 
Contains brief references to t~e Newark sys

tem, pp. 108, 118. 

IIONEYltiAN, D. 1874. 
Nova Scotian geology. Intercolonial rail

way. 
In Nova Scotia lust., Proc. and Trans., vol. 

3, pp. 345-356. 
Brief account of certain Newark rocks near 

Truro, N. S., pp. 45, 46. 

HONEYMAN, D. 1874:a. 
Nova Scotian geology. 
In Nova Scotia lust., Proc. and Trans., 

vol. 3, pp. 385- 393. 
Contains brief references to the trap of Ger

rish mountain, Blomidon, Briar island, 
etc. , pp. 386, 387,388. 

HONEYltiAN, D. 1878. 
Nova Scotia geology, pre-Carboniferous, lower 

Carboniferous, etc., retrospective to 1859. 
In Nova Scotia Inst., Proc. and Trans., vol. 4, 

pp. 139-487. 
Contains brief references to the Newark rocks 

of Five islands, Great Village, etc., p. 471. 

HONEYMAN, D. 1879. 
Nova Scotian geology. Kings county. 
In Nova Scotian Inst., Proc. and Trans., vol. 

5, pp. 21-31. 
Includes a short account of the sandstones, 

trap, amygdaloid, volcanic ash, et<l., in the 
neighborhood of cape Blomiclon, N. S., 
pp. 27-28. 

HONEYMAN, D. 1883. 
Notes on a polariscopic examination of crys

talline rocks of the Yarmouth gold-bear
ing series. 

In Nova Scotia Inst., Proc. and Trans., vol. 6, 
pt.1,_ pp. 7-8. 

Contains a brief petrographical comparison 
of the rocks of cape Blomidon with cer
tain rocks at Jebogue point, N. S., p. 7. 

HONEYMAN, D. 1885. 
Notes of a polariscopic and microscopic ex

amination of crystalline rocks of Nova 
Scotia ancl Cape Hreton. 

In Nova Scotia Inst., Proc. and Trans., vol. 6, 
pp. 121-130. 

Contains a general account of the pet~ography 
of the trap rocks of Blomidon ancl vicin
ity, pp. 121-122. 

HONEUIAN, D. 1888. 
Geology of Aylcsford, Kings eounty, N[ova 

S[cotia]. 
In Nova Scotian Inst., Proc. and Trans., vol. 

7, 1886-'87, pp. 7- 12. 
Contains a brief account of amygdaloid and 

associated trappean rocks near Morden, on 
the east shore of tho bay of Funcly. 

HOOKER [J.D.]. 1847. 
[Note of vegetable structure in coal from the 

Richmond coal field, Virginia.] 
In London Geol. Soc., Quart. Jour., vol. 3,pp. 

268-269. 
Results of a microscopical examination of coal, 

reportecl to Charles Lyell. · 
HOOKER [J. D.]. Cited on organic structure of 

coal from Richmond coal field, Virginia 
(Lyell, '47, p. 268). 
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Hook mountain, N. J. Analysis of trap from 
(Cook, '68, p. 217). 

Building stone of (Cook, '68, p. 505). 
Com·se of (Cook, '82, p.19). 
Description of (Cook, '68, p. 186. Cook, '82, 

pp. 54-55). 
Dip at (Cook, '68, p. 196). 
Dip of sandstone at (Cook, '79, p. 30. Cook, 

'82, p. 30). 
Long hill supposed to be a continuation of 

(Cook, '82, Pl)· 56-57). 
Sandstone quarry at (Cook, '79, p. 22). 

Hool{ mountains, N. Y. Character of country 
northwest of (H. D. Rogers, '40, p.134). 

Description of (Darton, '!)0, p. 38). 
Dip of sandstone at (Cook, '79, ll· 32). 
·Faults near (Nason, '!l9, pp. 25-26). 
San~lstone at east base o_f (H. D. Rogers, '40, 

Pll· 134- 135). 
Thickness of trap sheet of (Darton, '90, p. 44). 

Hooper's mill, Pa. Conglomerate ancl trap from 
(C. E. Hall, '78, p. 45). 

Hopewell, N.J. Analysis of induratecl shale from 
(Cook, '68, pp. 384-385). 

Baryta at (Cook, '68, p. 709). 
Copper ores near (Cook, '68, p. 679). 
Description of trap, contact, metamorphism, 

etc., near (H. D. Rogers, '40, p.153). 
Dip near (Cook, '68, p.197). 
Dip of shale near (Cook, '68, p. 709. Cook, '82, 

p.26). 
Exceptional dip near (Nason, '89, p. 18). 
Flagstone near (Cook, '68, p. 521). 
Trap rock near (Cook, '68, p.190). 

IIO})CWCll junction, N. J. Trap outcrops near 
(Cook,'82,p.60). -

llopcwell mine, Pa. Trap dikes in (Frazer, '83, 
pp. 235, 236). 

Jloppock's stone quarry, ncar Prallsvillc, N. J. 
Description of (Cook, '81, pp. 59-60). 

HOUNER, LEONARD. 1846. 
.Anniversary address. 
In London Geol. Sue., Quart. Jour., vol. 3, pp. 

145-221. 
Contains brief general remarks on the geo

graphical position and geological age of 
theN ewark system. 

Uorucr's quarry, N.J. Dip near (Cook, '68, p.199). 
Hornesville, N. C. Dip of coal-bearing rocks near 

(Macfarlane, '77, pp. 518, 519). 
Quality of coal found at (Emmons, '52, p.131). 
Section of coal seams ncar (Emmons, '52, p. 

124). 
llorsc·ueck, N. J. Trap hill near (Cook, '68, p. 

186). 
Horse race, lllass. Building stone quarried at (E. 

Hitchcoc]s:, '41, p.181). 
Description and discussion of footprints found 

at (E. Hitchcock, '36, pp. 312-316). 
Description of footprints from (E. Hitchcock, 

'36, pp. 318-325. E. Hitchcock, '41, pp. 
478-591. E. Hitchcock, '43a. E. Hitch
cock, '48. E. Hitchcock, ·'58). 

Dip at (E. Hitchcock, '36, p. 312). 
Early discovery of fossil footprints at (E. 

Hitchcock, '36, p. 308). 

Hon;e race, ltlass.-Continued. 
Locality for fossil footprints (E. Hitchcock, 

'41, p. 465. E. Hitchcock, '48, p. 131). 
Special characters of footprints from (E. 

Hitchcock, '41, p. 469). 

llorshamville, Pa. Trap dike near (Lewis, '85, 
p. 441). 

Horton, N. C. Quality of coal fouml at (Emmons, 
'52, p.131). 

Hortou, N. S. Section from, to cape Blomiclon 
· (Dawson, '78, pp. 90-94). 

Unconformity at base of Newark in (Dawson, 
'78, p.1l0). 

Horton and Blomidon, N. S. Coast section be· 
tween (Dawson, '47, p. 56). · 

H01·ton blulf, N. S. Description of (Gesner, '36, 
J)p. 80-81). 

Horton's; J. J,., coal mine, N. C. Analysis of 
black-band ore from (Willis, '86, p. 306). 

Analysis of coal from (W. R. .Johnson, '50, p. / 
166. Macfarlane, '77, p. 525). 

Horton Jslttnds, N. S. Exposure of Newark rocks 
at (Dawson, '47, pp. 56-57). • 

Horton's mills, N. C. Discovery of coal near (W. 
R. .T ohnson, '50, p. 162). 

JIOTCJIKISS, JED. 1873. 
On the Virginias; their agricultmal mineral, 

and commercial resources. 
In Soc. Arts., .Jour. [London], vol. 21, pp. 

238-251. 
Contains a brief account of the Richmond coal 

fields, pp. 339-340. 

HOTCHKISS, JED. 1876. 
Virginia: A geographical aml political sum

mary [etc., etc.]. 
Richmond, Va., pp. i-vi, 1-320, anc15 maps. 
Contains a brief account of the extent of the 

various Newark areas of Virginia. 

IIOTCIIKISS, JED. 1880. 
The resources of the Virginias on and near 

the proposed route of the Hichmoml and 
Southwestern railway. 

In The Virginias, Yol.1, pp. 90-93, 96, 106-109, 
map and sections. 

Presents a summary of the economic im
portance of the Richmond coal field, Va., 
pp. 91- 92. Republishes W. B. Rogers's 
geological map of Virginia, ;-1ccompanied 
by a plat€1 of sections. 

JIOTCHKISS, JED. 1881. 
TheN orfolk aml Western and the Shenandoah 

Valley railroads. 
In The Virginias, vol. 2, pp 88-89, 119-121, _ 

and map op. p. 88. 
Contains a brief acco1mt of the Farmville and 

Richmond coal field areas of the Newark 
system in Virginia, p. 120. 

[HOTCHKISS, JED.] 1882. 
The production of coal in the UniLcd States, 

by coal fields, for the censns year ending 
June 1, 1880. 

In The Virginias, vol. 3, p. 13. 
Gives the amount of coal produced from the 

Newark system in Virginia and North 
Carolina during the year mentioned. 
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HOTCHKISS, JED. 1883. 
The natural coke of V[irginija, re1•ly to Dr. 

Raymond. 
In The Virginias, vol. 4, p. 164. 
Refers to the observations of W. B. Rogers 

and C. Lyell in reference to the origin of 
the coke referred to. 

(UOTCIIKISS, JED.] 1883a. 
The Richmond, Va., coal field. 
In The Virginias, vol. 4, p. 171. 
Quotes an anonymous article from the Mining 

Herald of Shenandoah, Pa., in which a 
brief account is given of the work now 
being done in the Richmoml coal field. 

HOTCHKISS, JED. 1884. 
Virginia minerais for the New Orleans Expo

sition. 
In 'fhe Virginias, vol. 5, pp. 139- 140, 153. 
Includes specin1ens of coal from the Rich

mond coal field. 

IIOTCHlUSS, JED. Cited ou the prodLlction of 
coal in the Richmoml coal field, Va. (Ash
burner, '86, '69). 

HOUGIITON [DOUGJ,ASS]. 1844. 
[On the connection of the metallic copper 

with other trap of Connecticut and Mich
igan.] 

See Silliman, B., and D. Houghton, 1844. 

llouse's quarry, N. C. Conglomerate at (Em
mons, '56, pp. 237-238). 

Conglomerate in (Wilkes, '58, p. 5). 
Fossil plants from (Emmons, '56, pp. 328-329. 

Emmons, '57, pp. 119-132). 

HOVEY, A. H. Opening of COllpermine uy (Cook, 
'81, p. 39). 

HOVEY, EmiUND O'fiS. 1889. 
Observations on some of the trap ridges of 

the East Haven-Bradforcl region. 
Am. Jour. Sci., 3cl ser., vol. 38, pp. 361-383, 

pl.9. 
Abstract in Am. Assoc. Adv. Sci., Proc., vol. 

38, pp. 232-233. 
Contents: The topography of the region. Its 

trap belts and sandstone Iidges. Position 
aml forms of the trap belts. Particular 
description of Pond rock, and ridges east 
of it. Kinds of trap rock in different 
parts of the region. The amygdaloid, 
and its relation to that which is nonvesic
ular. The relation of the sandstone to the 
trap. Contact phenomena. Main theories 
which have been advancecl to account 
for the occurrence of the trap. Special 
discussion of the theory of "contempora
neous overflow." The age of the trap. 
Concludes that all of the traps in the re
gion described are intrusive. 

HOVEY, E. 0. Cited on cmn·se deposits in Con
necticut (J.D. Dana, '90). 

now, IIENUY. 1861. 
On gryolite occurring with calcite in apophyl

lite in the trap of the bay of Fundy. 
In Am. Jour. Sci., 2d ser., vol. 32, pp. 13- 14. 
An analysis of gryolite is given. 

now, HENRY. 
The mineralogy of Nova Scotia. 
Halifax,~. S. Pp. 1-217. 

1869. 

A brief description is given of the occurrence 
of copper ore on the Hhores of the bay of 
Fundy and the Minas basin, pp. 65-66, and 
at Indian point and Five island, p. 72. A 
catalogue of mineral localities on pp. 202-
208 contains numerous reference~ to New
m%. localities. 

HOW, JIE~RY. 1S75. 
ConLributions to tho mineralogy o Nova 

Scotia. 
In Philo. Mag., 4th ser., vol. 41, 1871, pp. -, 

274, 5th ser., vol.1, 187(i,p]l.128-138. 
Describes minerals from the trap rocks of 

Nova Scotia. Refers to the similarity in 
the traps of the Newark system from 
Nova Scotia to North Carolina. Gives 
specific gravities of certain trap rocks. 

IIOWE, A. B. 1876. 
On gmelinito from Nova Scotia. 
In .Am. Jour. Sci., 3d ser., vol. 12, 1111- 270-

274. 
Descriues mineral mentioned; gives localities 

and analysis. 
Analysis of minerals composi11g trap rocks 

(Hawes, '82, pp. 131- 132). 
Cited on mineral analysis of trap rock from 

Bergen hill, N.J. (Shaler, '84, p. 145). 
IIOWELL, l\1. A. Trap rock quarried by (Cook, 

'81, p. 62). 
Howellville, Pa. Trap dike near (Lewis, '85, p. 

444). 
HUBBARD, OUVER P. 1842. 

Chemical examination of a large samplo of 
bituminous coal from the 11ils of Lho Miu
lothian coal miuing company. south side 
of James river, J.1 mile01 f1·om l~ichmoncl, 
Va., in Chesterfield c01mty. 

Silliman aml Hnubard, 18~2. 
HUBBAUD, OUVEit P. 1850. 

The condition of trap .clilws in New Hamp
shire au evidence nntl measure of erosion. 

In .Am. Jour. Sci., 2d ser., vnl. 9, pp,158-171. 
States the amount of erosion that bas taken 

place in the Connecticut valley and do
scribes certain trap rocks in New llamp
shire that are 11erbaps of the same age as 
the ~:;imilar rocks of Massnchusetts, etc., 
p.170. 

HUBBARD, OLIVER P. 1885. 
Two Yarieties of the New Red sandstone usecl 

for uuiluing in New Ha,en, Conn. 
In New York Acad. Sci., Trans., vol. 5, 1885-

1886, pp. 12--13. 
Refers briefly to the mineralogical composi

tion and dip of a ridge of sandstone in 
East Haven, Conn., aml to the durability 
of building stone derived from it. 

JIUBBARD, 0. P. 1889. 
[Note concerning a boretl well near New Ha

ven, Conn.] 
In New York Acad. Sci., Trans., vol. 9, p. 3. 
Gives the depth of a well bored by the Win

chester Arms Co. 



230 THE NEW ARK SY~TEM. (BULL.85. 

IIURBARD [0. P.]. .Analysis of coal from the 
Richmond coal field, Va. ( ~ 'fford, '87, p. 
10). 

Jludson county, N.J. On the geology of (Rus
sell, '80). 

Hudson river. Boundary of trap outcrop along 
(Cook, '68, p. 177). 

n'ugh's mill, Pa. Detailefl account of clips (d'In
-villiers, '83, p. 212). 

HULL, EDWARD. 1881. 
On the coal fields of Great Britain; their his

tory, structure and resources. 
London, 4th ed., }1p. i-xviii, 1-556, aml 15 

plates. 
Contains a brief note on the Richrnoml coal 

field, Va., p. 460. 
HULL, EDWARD. 1887. 

· A sketch of geological history (etc., etc.]. 
London, 12mo, pp. i-xv, 1- 179, and 1 plate. 
Contains a brief account of the Triassic and 

Jurassic periods in North America, pp. 
85-87, 94-95. 

Hull P. 0., Pa. Trap from 11ear (C. E. Hall, '78, 
p.44). 

llnmmelstown, Pa. Boundary of the Newark 
neaT (Frazer, '82, p.123). 

Brownstone quarries. Description of (fl'Invil
liers, '86, pp.1564.-1565). 

Sandstone quarries of (G. P. Merrill, '8!J, }J. 459. 
Shaler, '84, p. 156). 

Humphreysl'ille, Conn. Description of trap dikes 
in Primary rocks near (Percival, '42, pp. 
417-419). 

Jlungary station, Va. Boundary of Newark area 
near (Heinrich, '78, p. 230). 

HUNT, JOSEPJI H. 1890. 
.A group of copper pseudomorphs after chal

cocite, and silica and phrenito pseudo
morphs after pectolite, from Paterson, 
N.J. 

In New York Acad. Sci., Trans., vol. 9, pp: 
140-144. 

Describes briefly tl1e rocks exposed' near Pat
erson, N.J. 

HUNT, T. STERRY. 1874. 
Remarks of the stratification of rock masses. 
In Boston Soc. Nat. Hist., Proc., vol.16, 1873-

187.4, pp. 237-238. 
Refers to a sample of banded diorite from 

New Jersey. Opposes the opinion of H. 
Wurtz, in reference to the indigenous ori
gin of the trap rock of New Jersey. 

llUNT [T. STERRY]. 1875. 
[Remarks on natural coke in tl10 Richmond 

coal field, Va.] 
In The Engineering and Mining Journal, YOL 

19, p. 35. 
Remarks following the reading of a paper on 

deep borings with a diamond drill, read by 
0. J. Heinrich befo1·e the American Insti
tute of Mining Engineers, Dec. 26, 1874. 
States that the natural coke or carbonite 
of the Richmond coal field, according to 
an analysis by Prof. Wurtz, contains too 
much volatile matter to be class eel as coke. 
Remarks on the same subject were made 
by M. Coryell and 0. J. Heinrich. 

JIUNT, T. STERRY. 1876. 
The Cornwall iron mine and some related de· 

posits in Pennsylvania. 
In Am. In st. Mining Eng., Trans., vol. 4, pp. 

319-325. 
States that certain iron ores in Pennsylvania 

referred by various observers to the Me
sozoic arc of older date, p. 320. Refers to 
trap dikes which may belong to the series 
of dikes and sheets traversing the New
ark system, p. 321. 

llUNT, J. STERRY. 1876a. 
Geology of eastern Pennsylvania. 
In Am. Assoc. Adv. Sci., Proc., vol. 25, 1877, 

pp. 208-212. 
Refers briefly to the passage of metamorphic 

rocl{s beneath the Newark system in 
Pennsylvania. 

JIUNT, T. STERRY. 1879. 
Table of the geological formations [of North 

.America]. 
In an American geological railway guide, by 

James Macfarlane, p.51. 
Makes the Newark system the equiValent of 

the Jurassic and Triassic. 
HUN'f, THOlUAS STERRY. 1883. 

The geological history of serpentines, includ
ing notes on pre-Cambrian rocks. 

In Canada Roy. Soc., Proc. and Trans., vol. l, 
sec. 4, pp. 165-215. 

The Newark rocks of Staten island, N.Y., are 
incidentally described. 

HUNT, T. STERRY. 1883a. 
The decay of rocks geologically considered. 
In Am. Jour. Sci., 3d ser., vol. 26, pp. 190-213. 
Refers briefly to the origin of copper in the 

Newark system of Connecticut, New Jer
sey, a.nd Pennsylvania. 

HUNT, T. S. Cited on the origin of certain ores 
along the borders of the Newark rocks of 
Pennsylvania (Frazer, '77c). 

llnnter11on copper mine, N.J. Dip anrl metamor
phism in (Dickeson, '59, p. 8). 

Report on (Dickeson, '59. E. and ·c. H. Hitch
cock, '59). 

IIunterstown, Pa. Trap dikes near (H. D. Rogers, 
'58, YOl. 2, p. 688). 

Huntington, Conn. Description of trap dikes in 
Primary rocks near (PerciYal, '4~, ]Jp. 
416-417). 

IIuyler's landing, N.J. Conglomerate at 'tcook, 
'GS, p. 208). 

Ichnological map of the Connecticut valley. (E. 
Hitclteock, '58, pl. 2). 

l1laville, Pa. Trap from (C. E. Hall, '78, p. 45). 
Ideal section. Illustrating the molle of formation 

of shore conglomerate (Russell, '78, p. 
235). 

Illustrating the use of "overflow." .After J. 
P. Lesley (W. M. Davis, '83, p. 281, pl. 9). 

Intrusive trap sheet. After I. C. Russell 
(W. M. Davis, '83, p. 281, pl. 9). 

Trap sheet (Russell, '80, p. 42). 

IDDINGS, JOSEPH P. 1886. 
The colwnnar structure in the igneous rocks 

on Orange mountain, New Jersey. 
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IDDINGS, JOSEI'll P.-Continueu. 

ln Am . .Jour. Sci., 3d scr., vol. 31, pp. 321-331, 
}ll. !l. 

Abstract iu \Vashington Philo. Soc., Bull., 
vol. 8. pp. 19-24. 

Describes an exposure of columnar tra1) ncar 
Orange N . .J., and 'discusses the origin of 
the columnar structure in igneous rocks. 

Indi1111 brook, N •• J. Dip in shale at (Cool;:, '82, p. 
25). 

Indian }JOint, N. S. Copper ores at (How, '69, p. 
72). 

Sandstone beneath trap at (Dawson, '78, J). 

101). 
Sea cliff at (Dawson, '47, p. 52). 
Trap dikes near (Ells, '85, p. 7E). 

Indian point, P. E. I. Section at (Dawson and 
Harrington, '71, Pll- 17-18). 

Inghnm spring, Pa. Description of a fault near 
(Lewis, '85, p. 451). 

Inserts, footprints of. On Connccticnt valley 
sanustone (Warren, '55). 

Insects, fossil, from samlstone of Connecticut 
valley. (J.D. Dana, '58). E. Hitchcock, 
'58, pp. 147-166). 

Detailed account of (Scudder, '68, pp. 218-220). 
l~em:trks on (.J.D. Dana, '62). 

Insects, fossil, f'•·om PhronixviUe, Pa. Mention 
of (Wheatley, '61a). 

Genera of (Scudder, '86). 
Impressions made uy, from Turners Falls, 

Mass. (K Hitchcock, '56, p. 111. E. 
Hitchcock, '58, pp. 7-8). 

I,:tnTru of, from the Connecticut valley, re
marks on (Scudder, '67). 

Tracks of, discovered (E. llitchcock, '65, pp. 
13-17, pls. 6, 7, 14, 18, 24, 27, 29, 30). 

Inslee's hill, N.J. Dip in shale at (Cook, '82, p. 
2ii). 

Trap rocks of (Cook, '82, p. 18). 
Inverteln-ate fossils. Description and diflcussion 

of (J one;;, '62). 
Deseripiiou of the tracks of (E. Hitchcock, 

'G5, pp. 18-19. 
I•'rom Pe1msylvania, an account of (Lewis, 

'84). 
St>e also Footprints. 
See a!,.,o Footprint;; of insects. 

INVILUERS, E. Y. d'. ISS3. 
Second gPolop:ical sun'ey ofPennsylnmia, rc

pod of Jn·ogreRs, D3, vol. 11, pt. 1. The 
geology of the Sonth mountain belt of 
l1erkR I'OllDfy. 

Harri.shurg, pp. i-xx ii, 1-441, pl. 4, ana G 
maps in :tUns. 

Coni aim; tl<•ReriptJOm;, wi Lh many observations 
of tlip, of 1 heN ewark sy~:;tem in theregimt 
refern·<l to, ]1p. 48-5n, 127.159.197-22G,·239, 
317-322,344- :148, 351, 353, 380, 382, 387, 392, 
anlllllaps in atlas. 

INVILLIERS, E. Y. tl'. 1885. 
lle]JOrt on f.l,o Cornwall iron ore mines, 

Lebanon county [Pa.l. 
See Lesley and u'lnvilliors. 1885. 

lNVU,LIERS, E. Y. d'. 1886. 
Report on the iron ore mines and limestone 

quarries of the Cumberbnd-Lebanon val
ley [Pennsyh-ania]. 

In annual report of tl1e geological sw·vey of 
Pennsylvania for 1886, pt. 4, pp. 1411-
1567, with 7 maps. 

Contains an account of iron mines near Dills
uurg, pp. 1501-1514, and of sandstone 
quarries in Lebanon valley, pp. 1563-15G7. 

INVILLIERS, E. V. d'. 1886a. 
The Cornwall iron ore mines, Lebanon county, 

Pa. 
In A!Jl. Inst. Mining Eng., Trans., Yol. 14, 

11p. 873-904, pl. op. p. 874. 
Contains an account of dikes of trap rock 

and their association with iron ore depos
its, pp. 876-879; aiso a description of the 
stratified rocks of the Newark system ex
posed at Cornwall, pp. 890-892. 

Native, in trap rock of New .Jersey (Cook, '74, 
pp. 56-57). 

On the occurrence of, at Berlin, Conn. (E. 
Hitchcock, '35, p. 232). 

Iron in ~Iassaclmsetts. Brief account of (E. 
llitchcock, '41, pp. 448-449). 

Iron in North Cai·olina. Analyses of (Kerr, '75, 
pp. 225- 230. Willis, '8G, pp. 305-30G). 

Brief account of (Anonymous, '66, p. 108. 
Chance, '85, p. 24). 

At Egypt (Emmons, '56, p. 2G2). 
At Gulf (Emmons, '56, p. 262). 
Brief account of (Ennuo11S, '57 a,})]). 9-11. W. 

R . .Jolmson, '51, p. 20). 
In Dm1 river conl fielll (Emmons, '52, p. 15-t). 
Iu Deep river co:tl fiehl (Emmons, '52, p . 12.t. 

Emmons, '5G, pp. 262-265. Olmstead, '24, 
p. 22. Wilkt>s, '58, pp. 12-17). 

Iron Hill, Pn. Tr:tl) uikt>s near (Lewis, '85, p. 
453). 

Iron, nat.iYe, in trap rock of New .Tersey (Uook, 
'74, pp. 5G- 57). 

On the occurrence of, at Berlin, Conn. (E. 
Hitchcock, '35, Jl. 232). 

Iron ores iu Nova Scotia. At Blomidon (Ge;;ner, 
'36, p. 217). 

Brief account of (Harrington, '74, pp. 207,219. 
Alger, '27). 

In the trap rocks, tleterminntion of (How, '75, 
vol. 1, pp. 136-137). 

Nr>.ar Digb.) (.Jackson and Alger, ':J3, VP· 235-
236). 

Jron ore in Pennsylvania. (Frazer , 77a, pp. G00-
501. Fra>~er, '82, pp. 129, 135. d'Iul'il
li('n;, '83, pp. 320-352. ll. D. n .ogPrs, ':!9, 

p. 22. H. D. Rogers, '58, vol. 1, pp. 86, P.7, 
88). 

Ageof,clisrnsse,l(T.S.llunt,'7G,p.320. H. D. 
llogcrs, '5R, YOl. 2, p. 691). 

11rief aec·o ttnt. of (fl'In\·illierfl, '83, p. 239. H. 
D. Hogrrs, '58, Yol. 2, p. 763.) 

Near Corn wall. Detailed tleseription of ( Lrs
ley mul d'InYilliers, "85). 

Near Dillsburg . Discussion eoncerning (Fra
zer, '77, pp. 317-:J31, pl. op. l'· ~28). 

Near Dillsumg. Study of (Frazer, '76d). 
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Iron ore in Pennsylvania-Continued. 
Discussion of the origin of (Frazer, '82, pp. 

135-13!l). 
ReJlOrt on (Frazer, '77, pp. 207-239). 
Near Dillsburg and "Wellsville. Analysis .of 

(Frazer, '77, pp. 232- 237). 
Near Emmettslmrg anil Fairfield. (H. D. 

Tiogers, '58. YOL 2, p. 6!ll). 
Near Gettysburg:. Exploration for (Frazer. 

'77, pp. 2G3- 26-1). 
Near Maria Furnacc. (H. D. l{og-ers, '58, vol. 

2, p. G90). 
Ne:-tr Peten;lmrg (H. D. Rogers, '58, vol. 2, p. 

690). 
Hotice of, in T"ork county (Frazf'r, '85, p. 46J). 

Origin of (Frazer, '77c). 
Jlem:-trks 011 the occurrence of (Frazcr, '77c7). 

b-on ore iu f:.outh C:uolinn. Near Corn~Vells , brief 
reference to (Tuomey, '48, p. G8). 

Iron ore in Virginia,. Hriefaccountof (Heinriel1, 
'78, p. 245. \V. 11. Roger;,, '80, p. 152). 

Resume c011eerning (Frazer, '82, p. 171). 
Ironstone station, Pa. Contact mctamorphism 

at (d'lnYillicrs, '83, p. 1!l!l). 
Detailed account of dip>~ (d'In\"illier>~ , '83, p. 

212). 
Isle Haute, N. S. De;,cription or (C1e;,ner, '3G, Jl. 

229. .Jackson am! Alger, 'R3, pp. 259-262). 
Trap of (Dawson, '78, p. 108). 

JAeRSON, CIIAUJ,ES •r. 1837. 
First l"CJ)Ort on the geology of tile State of 

Maine. 
Augusta. 12mo, pp. i- viii, 10- 1!10, accompa

nied by au at.ln>~ of 2-l Jllates. 
Certain rock in Mailte w tlich are tra,.-ersed by 

trav !likes are describe1l in 1 bb report as 
beillg of the ::1ge of the "New Red sand
stone," bnt more rpecnt investigat-iollf! 
have shown them to be of older 1late. (The 
trap dikt'S of thi:> region may possibly be
long to theN ewark system of intrnsioJJS.) 
Crof!s reff'reiices to t hi:; report are not 
given in tltc present ilHlex. 

JACKSON, (;lJARLl~S T. 18-H. 
l•'irst a11ntml re11ort on the geology of the 

State of Ne\Y Hampshire. 
Conconl, N. H. 12mo, pp. i- iY, 5- 16-t 
Describcs tl;e occurrence of Newark rocks in 

Northfield, Mass., aml considers the mode 
of format ion of the Con~1cetieut Yalley 
samlstOJte. Tlt4?1 N1' wark rocks of the 
Connecticut vallC'y, exclmd1·e oi' the in
trusiYe rock>;, 1lo IJOt-cxtell(lnorth of the 
.Massaclmsetts-~C\1' Htmtp>~hire bonll(l
ary. 

JACKSON, e. '1'. l84la. 
[Remarks on joints in the tr::t}J dikes of Nova 

Scotia.] 
In Am . .Jour. Sci., \'ol. 41, ]1. 173; also in Am. 

Assor. G-col. aml Nat., Proc., }J. 26. 
Abstrad of rcmm·l,s on a ptLJler by Prof. 

Mather eoJH;erning joints in rocks. 
Calls attention to the columnar structure of 

larger trap masse>~ Hll(l the prevalence of 
a similar structnre from sitlo to side in 
small dikP.s. Rt:fers these plJenome1m to 
manner of cooling. 

• TA.CKSClN, C. T. 18-to. 
Nature of the minerals accompanying trap 

dikes which intercept Yarions rocks. 
In Am. Assoc. Geol. aU(l Nat., Proc., 6th meet

ing, -pp. 28-31. 
States that several systems of trap dikes oc

cur in New England. Describes brietly 
those intersecting the Connecticut Yalley 
AalHlstone and notes the metamorphic 
effects procluced on contiguous stratified 
beds. 

JACKSON, C. T. 1850. 
[On the age of certain samlstonesof the United 

States.] 
In Boston Soc. Nat. Hist., Proc., vol. 3, pp. 

335-33G, 337-338. 
Brief s1atcment in rC'ferencc to the ~upposed 

age of tl10 ;,andstonc of lake Superior, and 
of the sandstone of the Connecticut v-alley, 
New J ers".r, etc. It is suggested that the 
latter may belong to the Silurian system. 
The occurrence of trap in the Connecticut 
valley is briefly described. 

J ACT\SON, ('. 1'. 1850a. 
.Analy>~i>~ of red marl from Springfield, Mass. 
In Am. ARsoc. Adv. Sci., Proc., vol. 4, pp. 337-

338. 
Presents an analysis of a highly ferruginous 

marl or shale adjacent to trap rock. 
JACKSON, C. '1'. 1853. 

[Age and structure of the Deep river coal 
field, N.C.] 

In Am . .A cad., Proc., vol. 3, 1852-1857, pp. 68-69. 
A brief abstract of remarks relating to the 

:;trnctnre aml possible age of the coal 
field lllentioned. Followed by hrief re
marks by W. B. Rogers and L. Agassiz. 

JA('KSON, CJIARJ,ES '1'. 1853a. 
Sur lt-s mines de ClliYre et de houille de la 

Caroline tln Nord. 
In Geol. Soc. Traus. Bull., 2cl Sf'r., Yol. 10, 

1852-1853, VP· 505- GOG. 
Extract from a letter toM. Delesse, giving a 

brief account of the Deep ri vcr coal field, 
N. C. Refers the rocks containing coal 
to t1JC New Hcd salHl~:~tone. Cites Rogers 
aml Agassiz in reference to the age of the 
PJchmontl coalfiel•l. 

.JACT\.SON, (~ . T. 1855. 
[On raindrop impressions in footpriJ1t.s.] 
In Host on Soc. Nat. Hist., Proc .. vol. 5, p. 189. 
Remarl' on a paper hy .J. C. Warren. 

JACRSON,~T. 1855L 
[On the identity in age of the coal-bearing 

rocks of Virgiuiit and North Carolina.] 
In l1o>~1.ou Soc. Nat. Hist., Proc., vol. 5, p.186. 
Rmnarks on a paper by W. B. RogerR. Sng

J.?,'l>Stf! i.bat t!Je rocks of the Newark >~ys
tcm may he tlw l'(]Uivalent of tlte Lias of 
Europe. 

JACli.SON, C. T. 18GG. 
[Trap llikes in relati011 to Zeolite minerals, 

native copper, etc.] 
In Boston Soc. Nat. llist., Proc., vol. 6, pp. 

23- 24. 
ltefcrenre to the agency of trap rocks in pro

ducing various minerals. 
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JACKSON, CIIARLES T. 186Ga. 
[On the Deep river coal field, N. C.] 
In Boston Soc. Nat. Hist., Proc., vol. 6, pp. 

30-33. 
Brief account of an exploration for coal near 

Egypt, N.C., with a section of the coal
hearing strata near· the bottorn of the 
Egypt sllaft. Analyses of coal are given; 
also the result of some experiments in 
r eference to the value of the coal for gas
making. 

JACKSON [C. T.]. 186Gb. 
[Remark on unconformable interruption.] 
In Boston Soc. Nat. Hist., Prvc., vol. 6, p.18J. 
Mentions the occurrence of the Newark of 

the Connecticut valley resting on gneiss, 
granite, etc., as an illustration of inter
ruption where the whole Paleozoic group 
is wanting. 

JACKSON, C. T. 1869. 
[N otc on the copper mines, so called, at Elk 

nm, Fauquier county, Va.] 
In Am. Assoc. Aclv. Sci., Proc., vol. 6, 1856-

1859, p. 183. 
Brief statement of the occurrence of copper 

minerals in trap dike breaking through 
sandstone. 

JACKSON, U. '1'. 1859a. 
[Amygdaloid minerals of the Nova Scotia and 

lake Superior traps.] 
In Boston Soc. Nat. HiAt., Proc., vol. 7, p. 46. 

JACKSON, C. T. 18GO. 
[On the age of the red sandstone of Perry, 

Me.; Nova Scotia; Keweenaw point, 
Mich.; Connecticut valley, etc.] 

In Boston Soc. Nat. Hist., rroc. , vol. 7, }J. 

396-398. 
The saudsLones at the various localities men· 

tioned are briefly compared and certain 
general conclusious inferred as to their 
age. 

JACKSON [C. T.]. Cited on the age of"tue New
ark system (Lea, '53, }lp. 18'5, 188. W. C. 
R edfield, '51). 

Cited on analysis of coal from North Carolina 
(Gentb, '71). 

Cited on the extent of Triassic rocks in Amer
ica (Archaic, '60, pp. 634-636, 646- 655). 

JACKSON, CHARLES T., and FRANCiS ALGER. 
1828-1829. 

A description of the mineralogy and geology 
of a vart. of Nova Scot" a. 

In Am. Jour. Sci., vol. 14, 1828, pp. 305-330; 
map op. p. 305, vol. 15, 182!), pp. 132-160, 
pl~. 1-2. 

This ])aper was publishe<l wilh additions as 
"ltemarks on the mineralogy and geology 
of Nova Scotia," in Am. Acad., l\Icm., n. 
A'., vol. 1, 1833, ::md appeared as an inde
pendent vublication umler the tiLle "He
marks on the mineralogy and geology 
the peninsula of Nova Scotia; Cam bridge, 
1832, 4to. See Jackson, Cllarles T ., and 
Francis Alger, 1833. 

JACKSON, CIIARLES T., and FUANCIS ALGER. 
1833. 

I{emarks on the mineralogy and geology of 
Nova Scotia. 

In Am. Acad., Mem., n. s., vol. 1, pp. 217-330, 
pl. 4, and maJ). 

Issut'd separately as "Remarks on the miner
alogy aml geology of the peninsula of 
Nova Scotia." Cambridge, 1832, 4to, pp. 
1-116, pls.l-4, and map. Pnblished origin
ally as "A description of the mineralogy 
and geology of a })art of Nova Scotia" 
in .Am. Jour. Sci., vol. 14, 1828, pp. 305-
330, and map OJ). p. 305, vol. 15, 1829, pp. 
132- 160, pls. 1- 2. 

Reviewed by C. Moxon, in The Geologist 
[London], vol. 1, 1842, pp. 301-306. 

Describes the trap outcrops along the east 
shore of the bay of Fundy and on the shore 
of Minas basin, etc. The ]H'cscncc of 
amygdaloid beneath trap at many locali
tie!> is noted, aml also tlte metamorphism 
of sedimentary rocks beneath the amygda
loi<l. A large portion of the report is de
vote<l to describing the occurrence of min
eralA in the trap. The Newark sedimen
tary rocks are not clearly separatl'd from 
similar Carboniferous rocks. 

JACKSON and ALGER. Cited on liguile iu Nova 
Scotia (Dawson, '78, p. 99). 

Citecl on !.he relation of trap and sandstone in 
Nova Scotia (W. M. Davis, '83, p. 285). 

Cited on the trap of Nova Srotia (1~('anmont, 
'34, pp. 247-248. 

JACKSON, J. R. S. ISM. 
[Remarks on fossil footprints.] 
In Boston Soc. Nat. Hi st., rroc., Yol. 5, 185-1-

1855, p. 30. 
Brief remarks in discussion of a paper by 

Bonve. 

J;wksonville, N •• J. Course of trnp ridge near 
(Coole, '82, p. 55). 

Description of conglomerate 11ear (Kitchell, 
'56, pp. 144, 145). 

Jacksouwald, P;t. Dip of strata, and exJlOsure of 
trap near (d'Invilliers, '83, ]>p. 21 7-~18, 
219, 220). 

Prevailing dip 11car (d'Invilliers, '8:!, p. 49). 
Sandstone 111111 trap at (d'InYilliers, '8~, 1). ~03). 
Trap dikes near (cl'Invillier:o, '83, pp. 200, 201). 

JHIES, JOSEPH F. 1889. 
On variations; with special refrrell(·e to cer

tain Paleozoic genera. 
In Am. Nat., vol. 23, pp. 1071-1087. 
Refers to D endrophycus trias~icus, aml states 

that it is probably an inorganic marking. 

JUlES, TllOlliAS P. 187G. 
Hamlbook of the State of Georgia. 
.Atlanta, Ga., pp. i-vii, 1-256, and a geological 

map of Georgia. 
Cont.aius reference to trap dikes, pp. 38, 40, 

aml map. 

J:u·rettowu, Pa. Trap dike near (Lewis, '85, 
p. 441. 
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JeJfersou, N.J. Dip near (IT. D. Rogers, '40, pp. 
129-130). 

Sandstone and trap exposed near (H. D. 
Rogers, '40, pp. 129-130). 

Jellift''s mill, N.J. Analysis of trap from (Cook, 
'68, p. 218). 

Dip at (Cook, '68, p. 198). 

·Jenuersville, Pa. Trap dike near (Lewis, '85, p. 
447). 

JericJ10 hill, N.J. Detailed account of (Darton, 
'90, pp. 59-61). 

Dip of Newark rocks near (Lewis, '85, p. 455). 
Origin of (Darton, 'S!J, p. 138). 
Trap dike near (Lewis, '85, p. 454). 

Jersey City, N.J. .Al1al:ysis of trap rock from 
(Hawes, '75). 

Base of Newark system reached in wells (Dar
ton, '89, p. 139). 

Bored well in (Cook, '80, p.172 . Cook, '82, pp. 
139-141. Cook, '85, p. 118. Ward, '79, pp. 
131-132). 

Boundary of trap outcrop at (Cook, '68, p. 177). 
Character of trap ridge near (Darton, '90, p. 38). 
Description of the geology near (W. M. Davis, 

'83, pp. 271-272). 
Faults in trap ridge near (Darton, '90, p. 42. 

Nason, '89, p. 26). 
Junction of sandstone ancl gneiss at (Cook, 

'68, p. 247). 
Mineralogical analysis of trap rock from 

(Hawes, '82, p. 131. Shaler, '84, p. 145). 
Quarries of trap rock ncar (Cook, '81,pp. 60-61). 
Mention of (S. P. Merrill, '89, p. 435). 
Section from, to Boonton, N.J. (Cook, '85, pl. 

op. p. 109). 
Sect-ion from, to fort Lee, N.Y. (Cozzens, '43, 

pl. 2). 
Section from, to Morris plains, N.J. (Cook, 

'68, p. 199, and map in portfolio). 
Section of trap sheet at (Darton, '90, p. 42). 
Trap exposed at (Credner, '65, pp. 392-394. 

Russell, '80, p . 37. Ward, '79, p. 150). 

Jewell's, T., quarry IIC:tr Princeton, N. J. De
scription of (Cook, '81, p. 55). 

Je"itt & Bros.' colliery, Va. Analysis of coal 
from (Clifford, '87, p. 10). 

Brief account of (Clifford, '87, pp.ll, 13-14). 
Trap dike ncar (Clifford, '88, p. 252). 

Jobogue point, N. S. Dikes at (Honeyman, '85, 
p.123). 

JOHNSON, JOliN. 1843. 
[Remark on shrinkage cracks at Middletown, 

Conn.] 
In A.m. Jour. Sci., vol. 45, ]1. 315. 
Brief remark on a paper by W. C. Redfield. 

JOHNSON, JOliN. 1854. 
Notice of some spontaneous moYements occa 

sionally observed in the sandstone strata 
in one of the quarries at Portland, Conn. 

In .A.m. Assoc . .A.dv. Sci., Proc., •ol. 8, 1855,
pp. 283-286. See, also, National Magazine, 
vol. 3, 1853, p. 362. 

Notice, with subsequent observations by W. 
H. Niles, Boston Soc. Nat. Hist., Proc., 
vol. 14, p. 86. 

JOHNSON, JOHN-Continued. 
Describes certain movements in the quarries 

mentioned which follow the cutting of 
trenches across the strata. 

JOHNSON, JOHN. Cited on movements in the 
rocks at Portland, Conn. (Niles, '70, p. 86). 

JOHNSON, W. C. 1839. 
, [Description of the Richmond coal field.] 

In report of the committee on a national 
foundry, Doc. 168, p. 41. Not seen. 

JOHNSON, WALTER R. 18i2. 
[Analysis of natural coke from the Richmond 

coal field, V a.] 
In Philadelphia .A.cad. Nat. Sci., Proc., vol.l, 

1841-42-43, pp. 223-224. 
Reprinted in the coal trade of British America 

[etc.], see Johnson, '50, pp. 155-156. 
DeRcribes the physical characters and gives 

analysis of the natural coke. 

JOHNSON, WALTER R. 18H. 
.A. report to the Navy Department of the 

Unitecl States on American coals applica
ble to steam navigation and other pur
poses. 

Washington, 28th Congress, 1st session, Sen
ate, No. 386, pp. i-xii, 1-607, pls.1-3. 

Contains a detailed report of an extended 
series of experiments on the heating and 
other properties, of the coals of the Rich
mond coal field, Va. 

Treated under the following heads: 
"Natural coke" from ~ckahoe, Va., pp.l38-

151. 
Artificial coke from Midlothian coal, pp. 52-

156. 
Bituminous coal from Deep Run mines, pp. 

309-327. 
Bituminous coal from Crouch and Snead's 

mines, Henrico county, Va., pp. 325-337. 
Bituminous coal from the mines of the Mid

lothian Coal Company, taken from shaft 
900 feet deep, pp. 338-348. 

Bituminous coal from the Creek Coal Com· 
}Jany, Chesterfield county, l)P. 349-362. 

Bituminous coal from the Clover hill mines, 
on the Appomattox river, Virginia, pp. 
363--377. 

Bituminous coal from the Chesterfield Mining 
Company, Chesterfield county, Va., pp. 
378-389. 

Bituminous coal of. average size sent by the 
Midlothia Coal Company, Virginia, pp. 
390-404. 

Bituminous coal from Tippecanoe pits, near 
Petersburg, Va., pp. 405-419. 

Bituwinous screened coal from the minings of 
the Midlothian Coal Company's "new 
shaft," pp. 420 -431. 

Midlothian average coal, taken 11romiscuously 
from a heap purchased for use in the 
smith shops at the Washington navy-yard, 
p.447. 

S:ynoptical view of the characters, composi
tion and efficiency of Virginia bituminous 
coals, table CLIV, pp. 448-451. 
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JOIINSON, W ALTF~R R. 1850. 
The coal trade of J~ritish America together 

with researches on the character and prac-
1ical 'Talue:; of American and foreign coals. 

Washington and Philadelphia, pp.1- 179. 
Gives a synopsis of the character and effi

ciency of the coal from the Richmond coal 
tielcl , pp. 133-134, and table op. p.134. An
alysis of the ;natural coke, pp. 155-156. 

Analysis of coals from the coalfields of North 
Carolina, pp. 161--166. Natural coke from 
Clover hill, ]lp. 175-176. 

JOHNSON, WALTER R. 1851. 
Report on the coal lands of the Deep river 

mining and transportation company, -with 
analyses of the minerals. 

Albany, pp. 1-21, pls.1-5. 
Contains a number of observations on the clip 

and strike of the strata in the coal field 
referre(l to, as well as several analyses of 
coal from the same field. 

JOHNSON, WAJlfER R. 1851a. 
On the coal formation of central North Caro

lina. 
In Am. Assoc . .Adv. Sci., Proc., vol. 4, 1850, 

pp. 274-276. 
Refers to the unconformity of Newark system 

with crystalline rocks beneath. Thick
ness of coal. Analyses of coal from Deep 
river coal field. 

JOHNSON, W. R. Analysis of coal by (Kerr, '75, 
Jlp. 293-29-!). 

A11alysis of coal from the Ri cl1mond coal field, 
Va. (CUtrord, '87, 11. 10). 

· Cite(l on analyses of North Carolina coals 
(Macfarlane, '77, pp. 525-526). 

Cited on composition of coal from the Rich
mond coal field, Ya. (Ch[lnce, '85, p.19). 

Johnson's f'erry, N • • J. Bonuclary of Newark at 
(Cook, 'G8, ]1. 175). 

Conglomerate at (Cook, '68, p. 210. Cook, '82, 
p. 41). 

Detailed description of calcareons conglomer-
ate near (H. D. Rogers, '40, pp.140-141). 

Dip in conglomerate near (Cook, '82, p. 27). 
Dip in sandstone at (Cook, '82, p. 28). 
Dip near (Cook, '68, p.198). 
Dip of conglomerate at (Cook, '79, p. 29). 
Sandstone near (Cook, '68, p . 97). 

Joints and veins in Richmond county, N.Y. (Ma
ther, '43, p. 625). 

In flagstone at Milford, N.J. (Cook, '68, p. 521. 
Slmler, '8J, p.14J). 

In sandstone and shale near· Chatham, N.J. 
(H. D. Rogers, '40, p. 133). 

In sandstone and tra11 (Hitchcock, '41a). 
In sandstone of the Connecticut valley (Silli-

man,jr., '41). · 
In saJHlstono in New Jersey. Table of (Cook, 

'68, p. 201). 
In sandstone in Wnshington valley, N. J. 

(Cook, '81, p. 53). 
In sandstone ou the Delaware, N.J. (H. D . 

Rogers, '40, p.121) . 
In trap (Jackson, '4la). 

Joints-con tinned. 
In trap in Now Jersey (Cook, '68, Pll- 204-205). 
On Prince Edward island (Dawson and Har

rington, '71, p. 21). 

Jolly river, N. S. Coal Measures at, overlain by 
New Red sandstone (Gesner, '43). 

JONES, T. RUPERT. 1862. 
A monograph of the fossil Estherin. 
In Paleontological Soc. [London], Mono

graph, 4to, pp. i-viii, 1-134, pls.1-5. 
Reviews what has been wTittcn on the crusta

ceans of the Newark system, and also on 
the <leiermination of the age of the sys
tem. Gives sections in the Dan river and 
Deep river areas, N. C., after Emmons, 
and at Phcenixville, Pa., after Wheatley, 
pp. 84-97. Describes two species of Can
dona, PJJ.123-126. Cites J. Marcou on the 
age of the system, p. 134. 

JONES, RUPERT 'f. 1862a. 
Trails, tracts, and surface-markings. 
In The Geologist, vol. 5, pp. 128-139, pl. 7. 
Refers brieliy to the footprints of the Con-

necticut ...-alley. 
Footprints, briefrefermtce to (,Jones, 'G2a). 

JONES, R1 T. Cited on the a::ro of Richmond 
coal field, Virginia (ITull, '81, p. 460). 

Jones's f'n.Hs, N. C. Age of rock ex11osed near 
(Emmons, '56, pp. 276-277). 

Breadth of the Newark are:1 near (Emmons, 
'56, p. 241). 

Conglomerate at (Emmons, 'GG, pp. 237-238. 
Wilkes, '58, p. 5). 

Silicifie("!. trees near (Emmons, '56, p. 284). 
Tl1ickness of the Newark ncar (Emmons, '56, 

ll]J. 231-232). 
Jones's mine, P:l. Description of trap dikes uear 

(H. D. Rogers, '58, vol. 2, p. 687). 
Section of (H. D. Rogers, '58, vol. 1, p. 90). 
Trap dikes at (Lesley, '83, p. 193). 

JOYCE. Sec Robinson and Joyce. 
JUMRN, ALEXIS A. 1880. 

On tho geological action of the humus acids. 
In Am . .Assoc. Adv. Sci., Pt·oc., vol. 28, 11p. 

311-!10, map op. p. 320. 
·Discusses tho origin of Lhe prevailing brown

ish-red color of tl1e Newark roeks, pp. 
406,407. 

JULIEN, A. A. CiLed on the de<"ay of Newark 
sandstone (Su1ock, '90, p. 301). 

Jnndion of Newnrk system :tll(l Primary rocks 
at "Glen" in Leyden, Mass. (f!;. Hitch
cock, '35, p. 223). 

In Leyden, Mass. (E. Hitchcock, '41, p. 448). 
.Junction of Newark and Silurian rocl's (Cook, '79, 

pp. 33, 39). 
Of trap and associatecl samlsto1ws, slmles, etc., 

in Newark system:- Detailed description 
and discussion of ( W. JVI. D:tvis, '83). 

Of trap and sandstone in the Connecticut 
valley (E. Hitchcock, '41, ])p. 657-659). 

Ketli!lica book, N.Y. Account of (Pierce, '20, pp. 
185-187). 

KEELER, C., and SON. Stone quarry of, near 
Greensburg, N.J. (Cook, '81, p. 56). 
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KEMP, J. F. Cited on the microscopical char
acter of the trap of Blomidon, N. S. 
(Marsten, '90). 

KENDRICK, H. II. :Fossil plants collected by, at 
Durham, Conn. (Chapin, '87a). 

Notice of a fossil plant found by (Chapin, 
'~1a). 

Kennett, Pn. Mention of a t.rap dike in (Frazer, 
'84, p. 693). 

Kensington, Conn. Brief account of geology near 
(Percival, '22). 

Mention of fossil plants having been found 
near (Percival, '42, p. 442). 

Kentville, N. S. Dip at (Dawson, '47, p. 56). 
Unconformity at base of the Newark near 

(Dawson, '78, p. 92). 

Kentville, Pa. Boundary of the Newark area of 
Pennsylvania near (Lea, '58, 11. 92). 

KERR, W. C. 1867. 
Re11ort of the progress of the geological sur

vey of North Carolina. 1866. 
Raleigh. Pp. 1-56. 
Refers urietly to coal, oil, fire clays, etc., in 

North Carolina, pp. 20, 46-!7. 

KERR, W. C. 1869. 
[Report of the progress of the geological sur

vey of North Carolina, for the years 1861l-
1867.] 

[Raleigh, N.C.]. Pp. 1-57. 
States the failure to find sufficient }Jhosphate 

of lime in the black shales associated 
with the coal scams of Deep river to be 
of economic importance. pp. 9-10. 

KERR, W. C. 1874. 
Observations on tl1e Mesozoic of North Caro

lina. 
In Am. Assoc. Adv. Sci., Proc., vol. 23, 1875, 

pp. 47-49. 
Compares briefly the characteristic features 

of the Newark rocks of North Carolina 
and of the Connecticut valley, and JWe
sent.s a brief account of the leading facts 
in the r;tratigraphy of the entire Newark 
system; discusses the probable structure 
and former extent of the formation. 

KERR, W. C. 1875. 
Report of the geological suney of N ortb 

Carolina. Physical geology, resume, eco
nomic geology. 

Raleigh [N. C.]. Vol. 1, pp. i- xviii , 1- :"!25, 
1-120, pl. 9, and a folding map. 

Notieo in Am. Jour. Sci., 311 ser., Yol. 11, pp. 
61-ll2. 

Republished in part in "In the Coal and Iron 
Counties of North Carolina," by P. M. 
Hale, pp. 52- 53. 

'l'he following is an expansion of the table of 
contents of 1fhis Yolume, so far as it relates 
to the Newark syst-em: 

Page. 
Geological charts sLowing strati

graphie· position of Triassic 
rocks_----··---------·---_ ... -- .x, 110- 111 

Newark system in North Amerlca, 
sketch of . ..•....... ___ -·- .. -·->--. 116-117 

KERR, W. C.-Continued. Page. 
Newark system in North Carolina . .. 141-147 

Dan river belL -·---·------·----- 141,145 
Deep river belt ... - .. . - ..... --.--. 141,143 
Former connection of Deep river 

and Dan river areas .... ·----- Ul 
Dip in Deep river and Dan river 

areas ........ ----- . -- .. -. . . . . . 141 
CoaL---.----- .. - ...... .. . .... _ ... 141, 143 
Conglomerate ..... -- ... __ .·---.__ 141 
Section at Egypt shaft _______ ._.. 142 
Thickness .....•. __ ... _ .. __ . _ _.____ 145 
Area .. ..... --- ... ___ .. ___ .. : _ . . __ . 146 
Origin of material. __ . ______ -----_ 146 
Lithological character. __ . . __ .. __ . 146 
Trap rock. __ . ___ ._ .. ___________ ._ 146-147 
Fossils, list of._. _________ . __ . ___ . 147 

Fertilizers ..... ...... _ .... _ ... _... . . . 187 
Limestone _ ... ___ . _____ . __ ... _______ . 217 

Iron ores, with analyses . __ . _. _ .. ___ . 225-228 
CoaL ...... -... - . . . . . . . . . . . . . . . . . . . . . . 294-296 
Sandstone._ ..................... _.... 30! 
Millstone ......................... --. 305 

KERR, W. C. 1875a. 
Observations on the Mesozoic of North Caro· 

lina. 
In Am. Assoc. Adv. Sci., Proe., yol. 23, sec

tion B, pp. 47-49. 
Contains general consideration relating to the 

dip, geograph.ieal distribution, trap, and 
organic remaius of the Newark system. 
A former great extent of thel:le rocks is 
inferred. 

KERR, W. e. 1879. 
Physiographical description of North Caro

liua. 
Raleigh, N.C. Pp. 1-32, and map. 
Contains a very bl'ief description of the ex

tent of theN ewark system in North Caro
liua, p. 11, and of the thickness and char
acter of tbe coal seams occurring in it, p. 
13. 

KERR, W. C. 1879a. 
[Geological formations at railroad statious in 

North Carolina. J 
I11 an American geological railway g uide, by 

J" ames Macfarl::we, 11. 181l. 
Indicates what stations in Nortl1 Carolina are 

on the Newark Rystl'm. 

KERR, W. C. 1881. 
The minerals and mineral localities of North 

Carolina. Being cl1a,pter 1 of the second 
volume of the geology of Nor1h Cnrolina. 

See Genth ancl Kerr, 1881. 

KERR, W. C. 1884-. 
Report on the cotton production of tl1e state 

of Virginia [etc.]. 
·washington (Interior Dep., Census Office), 

4to, vol. 6, }Jart 2, pp. 617- 652. [Tenth 
Census.] 

Contains a very brief description of the New
ark areas of Virgil1ia, with some mention 
of their soils, pp. 630, tl31. 



RUSSELL.] LITERATURE. 237 

KERR [W. C.]. Cited on anticlinal structure of 
the two Newark areas in North Carolina 
(W. M. Davis, '86, p. 348). 

Cited on the cause of the tilting of the New
ark (W. M. Davis, '83, p. 303). 

Cite<l on the Newark areas iu North Carolina 
(Chance, '85, p. 15). 

Cited on the Newark of North Cm·olina (Mil
ler, '79-'81, vol. 2, pp. 225-227). 

Cited on the opposite dips of the two main 
Newark areas of North Carolina (Russell, 
'78, pp. 252-253). 

Cited on the origin and deposition of Newark 
strata (W. M. Davis, '83, p. 287). 

Cited on the tilting of sandstone and trap in 
South Carolina (W. M. Davis, '83, p. 302). 

Cited on trap dikes in North Carolina (W. M. 
Davis, '83, p. 2!)3). 

Discussion of the hypothesis by, explaining 
opposing dips (W. M. Davis, '82a, p. 119). 

Newark sandstone from North Carolina col
lected by (Shaler, '84, p. 181). 

Reference to estimate of erosion by (Bradley, 
'76). 

Ketch's mills, East Windsor, Conn. Fossil bones 
found at (E. Hitchcock, '41, pp. 503-504, 
pl. 4!)). 

Khhl's mill, Pa. Dolerite and sandstone from (C. 
E. Hall, '78, p. 47). 

Kildare, P. E. I. .Analysis of limestone from 
(Dawson and .Harrington, '71, p. 41). 

Limestone near (Dawson and Harrington, '71, 
p. 34). 

KILLEBREW, J. B. 1887. 
The elementary geology of Tennessee; being 

also an introduction to geology in general. 
Designed for the schools of Tennessee. 

See Safford and Killebrew, 1887. 

Kill von Kull, N. J. Trap exposed at (Russell, 
'80, p. 36). 

Kimberton, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. G68). 

King of Prussia, Pa. Boundary of the Newark 
near (C. E. Hall, '81, pp. 22, 83- 84). 

Brief account of trap dike near (H. D. Rog
ers, '58, vol. 1, p. 214). 

King iron mine, Pa. Analysis of ore from (d'In 
vil1iers, '86, p. 1513). 

Report on (Frazer, '77, pp. 212- 214). 
Kings, Va. Boundaries of the Newark near (W. 

B. Rogers, '39, p. 76). 
Kings county, N. S. General account of the 

Newark rocks of (Honeyman, '79, pp. 
27-28). 

Kings point, N, J. Contact metamorphism at 
(Rnssell, '80, p. 38). 

Description of structure at (Darton, '83a). 
Exposures of trap at (Russell, '80, p. 38). 
Faults in trap ridge near (Darton, '90, p. 42). 
Small trap sheets near (D~rton, '!)0, p. 39). 
Unconformity of trap and sandstone near 

(Darton, '90, p. 47). 
Kingston, N. J. Account of contact metamor

phism near (H. D. Rogers, 36, Pl).163-164). 
Analysis of soil from (Cook, '78, pp. 37, 3!)). 

Kingston, N. J.-Continued. 
Boundaries of Newark s,ystem near (Cook, 

'8!), p. 11. H. D. Rogers, '40, p. 118). 
Brief reference to trap hills near (H. D. 

Rogers, 36, p. 159). 
Description of quarries at (Cook, '81, 1). 55). 
Description of sandstone strata near (11. D. 

Rogers, '40, p. 126). 
Description of trap and ·altered shale near 

(H. 1), Rogers, '40, pp. 149, 151). 
Dip in sandstone near (Cook, '82, p. 25). 
Dip near (Cook, '68, p. 196). 
Quarry at (Cook, '81, p. 55). 
Sandstone outcrop near (H. D. Hogers , '40, p. 

121). 
Sandstone quarry at (Cook, '7D, p. 23). 
Trap boundary near (Cook, '68, p. 1!)0). 

Kinseys mill, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. 67G). 

Kinsey mountain, Pa. Dip of strata and exposure 
of t.rap ncar (d'Invilliers, '83, pp. 218, 21!), 
220). 

KIPSEY'S, J. Quarry near Martinville, N. J., 
description of (Cook, '81, p. 54). 

KIRKBY, J. W. Cited in reference to fossils of 
the Newark system (Newberry, '88, pp. 
68-69). 

KITCHELL, WILLIA~I. 1856. 
Rflport on tho north division of the st.ate [of 

New Jersey]. 
In second annual report on the geological sur

vey of the state of New Jersey, for the 
year 1855, pp. 111- 248). 

Contains a description of a portion of tho 
boundary line between the Newark and 
the gneiss bordering it on the nortlnvest, 
pp. 144- 145. 

KITCHELL, W. Citetl on the conglomerate of 
the Newark system in New Jersey (Cook, 
'89, p. 15). 

Kittoctin mouutniu, Va. Boundary of tho Newark 
near (W. B. Rogers, '40, p. 63). 

Klinesville, N.J. Dip near (Cook, '68, p. 197). 
Dip in shale near (Cook, '82, p. 28). 

Evidence of faulting near (Nason, '8!), p. 33) , 
Fossil crustaceans found ncar (Nasm1, '8!), 1)· 

30). 

·Knauerton, Pa. Boundary of Now ark near ( Les
ley, '83, pp. 185, 1!)1). 

Recomposed rocks near (Frazer, '8:>, p. 2:.;5). 
KOCHER BUOS.' quarry at Newark, N. J·., (le

scription of (Cook, '81, p. 48). 
Krall town, Pa. Catalogue of specimens of sand

stone, etc., from near (Frazer, '77, pp. :>:>2-
381). 

Dolerite from (C. E. Hall, '78, p. 47). 
Shale aml sandstone from (C. E. Hall, '78, p. 

40). 
Kuntz's limestone quarry, P:1. Report on (Fra

zer, '77, 1). 225). 
Kuntz's paint mine, P:t. Report on (Frazer, '77, 

p. 225). 
Kurdsvillc, Vn. Boundaries of the Newark near 

(W. B. Rogers, '39, p. 77). 
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Lackalong creek, N. J. Dip along (Cook, '68, p. 
197). 

Dip in indurated shale n ear (Cook, '82, p. 27). 

La!lentown, N. Y. Relation of trap and s:mdstone 
near (Darton, '90, p. 41). 

Section of trap sheet near (Darton, '90, p. 41). 

Laf'a,yette, N.J. Trap rock at (Ward, '79, p.150). 

Lafayette College, Easton, Pa. :Footprints in the 
museum of (C. H. Hitchcock, '88, p . 122). 

Fossil footprints from New Jersey, in the 
catalogue of (Eyerman, '86). 

LAIDL}~Y, J. Cited on thickness of coal at 
Egypt, N. C. (Chance, '8G, p. 35). 

L:tke Raltonstall, Conn. Descri1)tion of trap 
ridges, etc., near !Hovey, '8!)). 

Rf'lat.ion of trap and sandstone near (Whelp
loy, '45, p. 63). 

Lambertville, N.J. AUered shale 11ear (Cook, 
'G8, p. 213. Cook, '80 , 1). 23). 

Rearing of joints at (Cook, '68, p. 201). 
Bonmlary of trap near (Cook, '(if:, p. 192). 
Brief remarks on lm11ded diorite frora (T. S. · 

IInnt, '74). 
llt1ilding stone 110ar (Cool,, '68, p. 511). 
Contact metamorpl1ism at (Cook, '82, p. 61. 

Coo'k, '87, p. 125). 
Contact metamorphism ncar (H. D. Rogers, 

'36, pp. 1G1- l 62). 
Course of trap ridge near (Nason, '8~, p. 35). 
Description of geology near nv.M. Davis, '83, 

l)P. 278-27!)). 
Description of quarries near (Cook, '81, p. 59). 
Description of Sourlaml mountain, near (Cook, 

'68, l)p.191-192). 
Description of trap, contact metamorphism, 

etc., ncar (H. D. Rogers, 40, p. 153). 
Dip in r ed shale at (Cook, '82, p. 26). 
Dip near (Cook, '6R, p. 197. Cook, 'G8, p.198). 
Dip of altered shale at (Cook, '79, p. 29. Cook, 

'82, p. 2G). 
Diven<o dips ncar (NasOJ), '8!), p.19) . 
Fanlt near (Lesley, '83, p. 1 81). 
Limestone n ear (Cook, '68, p. 215. Cook, '7!), 

p. 32). 
Quarries at (Cook, '81, p. 59). 
Quarries of trap rock at, lllention of (G. P. 

Merrill, '89, p. 436). 
SectioH near, after G. H. Cook (W. 1\I. Jl>avis, 

'83, p. 281, pl. !l). 
Shale alHl sandstone quarries (Cook, '79, p. 

21). 
Silurian limestone in Newark rocks near 

(Cook, 'S:.l, p. 2G). 
Trap ltillnear (Nason, '89, p. 36). 
Trap outcrop near (Cook, '68, p. 192. Darton, 

'90, p. 6!}). 

Trap rock quarries at (Cook, '7!), p. 26. 
Cook, '81, p. 62). 

Lamentation mountain, Conn. Anterior trap 
ridges of (Davis and Whittle. '89, pp. 108-
109). 

Bed of volcanic ash in (Chapin, '89. Chapin, 
'91). 

In the anterior ridge of (Davis and Whit
tle, '89, pp. 118-120). 

Lamentation mountain, Conn.-Cont.inued. 
Description of the main ridge of (Davis and 

Whittle, '89, p. 112). 
Description of trap ridges near (rercival, '42, 

pp. 351, 356-358). 
Detailed study of the structure of (W, M. 

Davis, '89, pp. 61-64). 
Discussion of the origin of (W. M. Davis, '89b, 

p. 25). 
Discussion of the structure of (W. M. Davis, 

'SG). 
Faults associated with (W. M. Davis, '82). 
Fault near (Davis, '82, p. 122. W. M. Davis, 

'88, p. 469). 
Limestone near (Percival, '42, p . 443). 
Overflow, origin of (W. l\L Dads, '82. W. 

M. Davis, '88, pp. 464-467). 
tiandstone elevations associated with (Perci. 

val, '42, p. 435). 
Small map of north end of (Davis and Whit. 

tlc, '8!), ]Jl 3). 
Small map of portion of (Davis and Whittle· 

89, pl. 2). 

Sketch map of ( W. M. Davis, '89, pls. 1, 3). 
Stratified rocks associated with (Percival, '42, 

p. 433). 
Topographic form of trap ridge near (Perci· 

val, '42, p. 304). 
Trap riclgesnear (Percival, '42, pp. 34.8-377). 
View of, to illustrate &trncture (W. M. Davis, 

89c, ]J. 426). 

J,amingtou, N.J. Section of sandstone at (Dar, 
ton, '90, p. 35). 

L:tneastcr, S. C. Description of trap dikes ne~r 
(Tuomey, '44, p. 12). 

Lanc.aster county, Pa. Brief report on (Lesley, 
'85, pp. lxiv-lxv, pl. 35). 

Geological map of (Frazer, '80). 
Report on tho geology of (Frazer, '80). 

Landis iron 1uiue, Pa. Description of (d'Invil
licrs, '86, pp. 1513-1514). 

Report on (Frazer, '77, pp. !)20-221). 

Large curtain, P. E. I. Section at (Dawson and 
Harrington, '71, p. 20). 

Latsehaw iron mine, P:t. Faultecl sandstone near 
(H. D. Rogers, '58, vol.1, p. 89). 

Lawrence brook, N. J. Altered shale near (Cook, 
'G8, pp. 213-214). 

Boundary of N ewark along (Cook, 'G8, p. 175). 
Detailed de~cription of (Darton, '90, pp. 59-

61). 
Dip along (Cook, 'uS, p.l9G). 
Dip in shale at (Cook, '82, p. 2;:i). 
Origin of trap ncar (Darton, '89, p. 138). 
Position of trap ncar, in tile Newark system 

(Darton, '8!), p. lil9). · 
Sandstone quarri es near (Cook, '79, p. 23). 
Trap hills near (Cook, '68, pp. 189, l!JO). 

•.rrap outcrops near (Cook, '82, p. 59-60). 
L111vrys island, Pa. Description of trap dike 

near (H. D. Rogers, '58, vol. 2, p. 686). 
LEA, ISAAC A. 1851. 

[On the fincling of fossil reptilian bones in a 
calcareous conglomerate near upper Mil
ford, Lehigh county, Pa.] 
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LEA, ISAAC A.-Continued. 
In Pltiladelpl1ia Arad. Nat. Sui., Proc., vol. 

5, 1852, }1]). 171-17~, 205. 
De~c1·ibe:; the 11ositiou :md clwral.:teL· of the 

],l'lls in wl1ieh the fo:;;sil boues were fouml, 
aml discusses the relation of the r;t.rata to 
ontcrov of calcar!3ons conglomerate fouml 
elsewhere in the Newark system, pp.17l-
172. Remarks continued on p. 205, where 
the name OlepsysauTus pennsylvanictts 
foe certain fossil bones is propo:;ecl. 

LEA, ISAAC. 1853. 
Deseription of a fossil saurian of theN ew Reel 

samlstone formation of Pennsylvania; 
with some account of that formation. 

In Philadelphia Acacl. Nat. Sci., Jour., 2d 
scr., vol. 2, 1850-1854, pp.185-202, pl, 17-Hl. 

Abstract in Am. Jour. Sci., 2cl ser., vol. 14, 
p. 451. 

Presents :~ critical review of the works of 
preYious writers on the paleontology and 
the geological 11osition of the Newark 
Rystem, followed by a description of a 
genus of fossil saurians, based on certain 
fossil l10nes fonll(l in upper Milford, Le
high county, Pa. 

L:J<~A, ISAAC. 1855. 
[Note on the tracks of crustaceans and other 

markings on the sandstone of Connecticut 
valley.] 

In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 276-
277. 

Au extract from a letter referring to a slab of 
sanustone from Greenfield, Mass. 

LEA, ISAAC. 1856. 
Remarks on a tooth of a sam·oid reptile, from 

near Phrenixville [Pa.]. 
In Philadelphia Acad. Nat. Sci., Proc., vol. 8, 

1856, pp. 77-78. 
Abstract in Am. Jour. Sci., 211 ser., vol. 22, pp. 

122-123; also Neues Jahrbuch, 1857, p. 253. 
Describes tile tooth of a reptile to which a 

narue is given. Names also two species 
of Posidonia, and a fossil footprint from 
the locality that yielded the reptilian re
mains. 

LE.<l, ISAAC. 1857. 
[Remarks on fossils from Phrenixville, Pa.] 
In Philadelphia Acacl. Nat. Sci., Proc., vol. 9, 

1858, p. 149. 
Brief abstract of remarks on a fossil bone and 

:~ coprolite from the tunnel at Phrenix
villc, Pa. 

L:J<~A, ISAAC. 1857a. 
[Brief remarks on the identit.v of the roeks 

near Gwynnecl, Pa., with those at P!J.re
nixville, Pa.) 

In Pl1iladolphia Acad. Sci., Proc., vol. 9, 1858, 
p.173. 

Tiriof rccortl of remarks based on fossils from 
the localities named. 

LEA [ISAAC]. 1858. 
[Remarks on the age of the Newark system.] 
In Pltilarlelphia Acad. Nat. Sci., Proc., vol. 10, 

pp. 90-92 

LEA, I[SAAC]-Continuccl. 
A brief sbtemcut·, of the ovinionR an<l conclu

sions of various geologitlts concerning the 
geological position of tlw Newark system. 

],EA [I.]. Cited on t.he age of the Newark system 
(Lea, '58). 

Citetl on the age of the Newer Red sanrlstone 
of Prince Edward islawl (Leitly, '51, p. 
330). 

Citetl on tlw age of the Retl S<1Julstone of 
Prince l~clwnnl islaml (Owen, '76, p. :J61). 

Cited ou fossil CI'IIstncean:; from the Newark 
RyRh'm (.Jones, 'G2, p. SG). 

Citoll on fossil plants from Turuers Falls, 
Mass. (Emmons, '57, Jl. 134). 

Citetl ou fossil reptilr:; from N ol'th Carolina 
(Emmons, '57, p. 73). 

Citecl on fossil reptiles frYm Pennsylvania 
(Emmons, '56, pp. 298, 308. Frazer, '77a, 
p. 497. H. D. Rogers, '58, vol. 2, p. 692-693). 

Cited on fossil reptiles from Pmmsy lvnnia ancl 
New Jersey (II. D. Rogers, '58, Yol. 2, p. 
695). 

Notice of the de:;cription of reptilian fossils 
by (Miller, '79-'81, vol. 2, p.152). 

Lead, at Berlin, Conn. (E. IIitchcock, '35, p. 232). 
In Massacltnsett.;, brief account of (E. Hitch

cock, '41, 1l- 448). 

J,eakesville, V:t. Boundary of the Newark near 
(W. B. Rogers, '31l, p. 75). 

Description of geology ncar (W. B. Rogers, 
'39, 11. 78). 

Leaksville, N. C. ..c\.nalysis of coal from uear 
(Chance, '85, pp. 64-65). 

Bound.ary of the Newark near (Mitchell, '42, 
p.134). 

Brief account of the rocks near (Emmons, '52, 
p.l41l). 

Character and dip of rocks at (Ennuons, '56, 
p. 255). 

Coal at (Emmons, '57, 1). 33. Kerr, '75, p.145. 
Kerr, ''i5, p. 2!J3. 1\fcGehct•, '83, p. 77). 

Conglomerate near (Emmons, '52, p. 152. Em-
mons, '56,-p. 256). 

Dip and strike at (Emmons, '56, pp. 257, 258). 
Dip of coal at (McGehee, '83, p. 77). 
Geueral section of :Newark rocks uear (Jones, 

'62, l'- 89). 
Newark t>y~tomuear (Macfarlane, '77, p. 527). 
Reference to fossil Hs!J.cs from (R. llitehcock, 

'-H,p.44.0). 
Reptile remains from (Emmons, '5(1, p. 300. 

Emmonfl, '57, p. 81). 
Section near (Emmons, '52, p. 149. Emmons, 

'56, ll- 257). 
. Thict.ness of coal seam:; near (Chance, '85, p. 

64). 
Thickness of sandstone at (Emmuus, '57, p. 

22). 

I,ebanon, N.J. Analysis of trap ncar (Cook, '68, 
p. 218). 

Boundaries of t.hc Newark system near (Cook, 
'89, V· 11. H. D. Rogers, '40, p. 16. H. D 
Rogers, '40, p.llS). 

Boundary of trap near (Cook, '68, p. 193). 
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Lebanon, N. J.-Continned.-
Conglomerate at (Cook, 'u5, p. 7. Cook, '6/l, 

p. 210. Cook, "82, p. 21. Cook, "82, p.4l). 
Conglomerate quarries ncar (Nason, '80, p. 

3D). 
Contact of Newark rocks and gnf'.iss near (H. 

D. RogPrs, '4.0, p. 10). 
Dip in shale and conglornprate nf'ar (Cool<, '82, 

Jl. 28). 
Dip near (Cook, '68, pp. 198, 199). 
Expos nrc of trap ne:tr (Cook, '82, p. 64). 
Small sandstone area near (Cook, '68, p. 75). 

Lebanon, Pa. Description of trap dikf's near (H. 
D. Rogers, '58, vol. 2, p. 687). 

Detailed description of tl1c Cornwall iron 
mines (Lesley and tl 'Invilliers, '85). 

Lebanon county, .Pa. Brief report on (Lesley, 
'85, p. lxviii, 1)1. 22). 

Lebanon station, N. J. Boundary of Newark 
near (Cook, '08, p.175). 

Dip near (Cook, '08, p. 107). 

J,ebanon valley, J>a. Brownstone quarries in 
(d'Invilliers, '86, Pll· 1562-1567). 

Lebanonville, N. J. Boundary of Newark near 
(Cook, '68, p. 175). 

Dip near (Cook, '68, p. 197). 

LE CONTJ<~, JOliN. CHf'!l on a Jossil insect in the 
Connecticnt riv<'l· sandstone (.T. D. Dana, 
'62). 

LJ<~ CONT.E, JOSEPH. 1SS2. 
Elements of Geology. 
New York, red,;e<l nn<l enlarged <'1lition, pp. 

i-xil', 1-633, pl. 1, l.st. ctl. New York, 1878, 
pp. i-~ii i, l.-5S8, pl. 1. 

Contains a condensed resume concerning tho 
Jura-Trias of North America. Under the 
name Jura-Tria,; all rocks of the Triassic 
and Jurassic are iuclnclcll, })p. 451~470· 

Note on t.he former extent of theN ewark 
system, J). 608. 

LE CONTE, JOSEPH. 1884. 
A compeml of geology. 
New York, 12mo, pp. 1-399. 
Contains a brief compiled account of the 

Jnr:L·Trias of America, pp. 325-331. 

LE CONTJ<~, J. Cited on the canso of the mono
elinal strncturo of certain Newark areas 
(W. M. Davis, '86, p. 344. "\V. M. Davis, 
'83, p. 303). 

Cited on tho mode of fonnation of tho Now
ark rock~ of New J enwy aml the Connect
ieut valley (ltw.;s<·ll, . 78, pp. 2;:i1-252). 

C1Lml on Mormolucoides artienlatus (Scud1ler, 
'08, p. 218, Scudder, '84, p. 'l:Jl) . 

Leesbtn·g, Pn. Mention of trap quarries at (S. 
P. :Merrill, 'S!l, p. 430). 

Leesburg, V:t. l~oumlary of Newark Hear (Hein
rieh, '78, p. 233. IY. ]3. Rogers, '40, ]lp. 

U1, 63). 
Conglomerate near (]'ontain•J, '79, p. 32. Lea, 

'5ll, p. 190). 
Detailed description of geology near (W. B. 

Rogers, '40, p. 6u). 
Quanies of trap rock near (Shaler, '84, p. 179). 

J,chiglt county, Pa. BriCt noteR on (Lc;;lt>y, '75). 

Brief report on (Lesley, '85, pp. lxdii-lxix, 
pl. 36). 

Dip at (C. E. Hall, '83). 
Fossil saurian bones in (Lea, '53, pp.188, 1!JJ). 
Reptilian bones in (L_ea, '51, })p. 171-172). 

LJUI!UAN, A.. 1<~. Limestone collectc<l hy, in 
PennsylYania (Shaler, '84, p. 156). 

J.,EIDY, JOSEPH. 1Sii4. 
On Bathygnatbus borealis, an extinct saurian 

of the New Red sandstone of Pri11ce Ell 
ward island. 

In Philadelphia Acad. Nat Sci., Jour., 2<1 S<'r., 

vol. 2, 1850-1854, pp. 327-330, pl. 33. 

Describes BathygnaLlms borealis. 

J.,EIDY, JOSEPH. 18Ma. 
[Remarks on Bathygnatbus borealis from 

ncar Prince Edward island.] 
In Philadelphia Acad. Nat. Sci., Proc., Yol. 

6, 1852-1.853, p. 404; also in Am. Jour. 
Sci., 2d ser., vol. 6, }Jp. 444-445. 

Abstract in Neues Jahrbuch, 1855, pp. 409-
500. 

Proposes the name given in the title. 

LEIDY, J. 1857. 
[Remarks on fossils from Phronixville, Penn· 

sylYania.] 
In Philadelphia Acad. "Nat. Sci., Proc., vol. 

9, 1858, pp. 140-150. 
Compares eertain fossil,; from the localiLy 

mentioned with otl1ers from Virginia, 
North Carolina, aml Engl:tnd, and sng
ges1,; i.he age tlms indicated. 

LEIDY, J. 18iJ7a. 
[Remarks on fos:silfl from the Gwynnetl tnn

Jlcl, P[L.] 
In Plliladl'llphia Acad. Sci., Proc., vol. 0, 1858, 

p. 150. 
Brief record of remarks on fussils from the 

localities named. 

LEIDY, JOSEPH. 1858. 
[Note on fucoids and footprints from the 

sandstone of the Conncct.icut valley.] 
In Ichnology of New England, by Edward 

Hitchcock, pp. 165-100. 
Extract from a letter referring briefly to cer

tain drawings of foRsils snpposcd to be in 
part fncoid impressions and in part foot
prints of crustacean fl. 

J,EIDY, JOSEPH. 1H(jQ. 
[llemarks on fossils fonn(l Huar }Jhcenixville, 

Pa.] 
In Philadelphia ~\.('a<l. "N:tt.. Sei., Proc., vol. 

11, 1850, p. 110. 
MenLions briefly the fossils' obtained at 

Phcenixville, Pa., incl[l(ling a new genns 
of reptile. 

LlUDY, JOSEPH. 18(j9. 
The extinct mammalian fauna of Dakota aud 

Nebraska, [etc., etc.]. 
In Philadelphia Acad. Nat. Sci., Jour., 2d 

ser., vol. 7, pp. i-viii, 9-472, pls. 1-30, and a 
map. 

Coutains a remark on Dromatberium sylves
tre from North Carolina, p. 410. 
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LEIDY, [JOSEPH]. 1876. 
Fish remains of the Mesozoic red shales [of 

Pennsylvania]. 
In Philadelphia Acad. Nat. Sci., Proc., vol. 28, 

p. 81. 
Records the finding of obscure fish remains 

at Yerke's station on the Perkiomcn rail
road, in Montgo!ilery county, Pa. 

EIDY, J. Cited on character of certain foot· 
prints from Turners Falls, Mass. (Deane• 
'56). 

Cited of fossil reptiles from North Carolina 
(Emmons, '57, p. 60). 

Citetl on fossil reptiles from Pennsylvania 
and North Carolina (H. D. Rogers, '58, 
vol. 2, p. 695-697). 

Notice of the description of reptilian fossils 
by (Miller, '79-'81, vol. 2, p. 152). 

LEITU·ADAlUS, A. Citecl on Jurassic reptiles 
from high northern latitudes (Hull, '87, 
p. 95). 

};emer's ore pit, Pa. l~eport on (Frazer, '77, p. 
22!>). 

Leonia, N.J. Indurated shale near (Darton, '90, 
p. 52). 

Leopard, Pa. Trap dike near (Lewis, '85, p. 444). 
Le))retu·e, N. B. Age of rocks at (Bailey, '65, p. 5). 
};ESCHARBOT. Cited on native copper from the 

bay of Fundy (Gilpin, '77, p. 749). 
LESLEY, J.P. 1856. 

Manual of coal and its topography. Illus
trated by original drawings, chiefly of 
facts in the geology of the Appalachian 
region of the Unitecl States of North 
America. 

Philadelphia, 12 mo, pp. i-xii, 1-224. 
Contains a brief account of the prigin of the 

trap Tidges of theN ewark system of Penn
sylvania and New Jersey, pp. 132-133. 
Refers to lamination in the trap of East 
and \Vest Rocks, Conn., p. 162. 

LESLEY, J. PETER. 1863. 
[On an asphalt vein in West Virginia.l 
In Am. Phil. Soc., Proc., vol. 9, pp. 183-197, 

pl. 3-4. 
Contains theoretical consideration respecting 

the dt>position and erosion of the Newark 
RY8Lem, pp. 188-189. 

LESLEY, J. PETER. 1864o. 
[On the discovery of lignite in Franklin 

county, Pa., and its bearing on the de
termination of the age of the present sur
face of the land.] 

Iu Am. Phil. Soc., Proc., vol. 9, pp. 463-482, 
and 4 plates. 

Discusses the manner in which the Newark 
rocks of Pennsylvania were deposited. 

LESJ;EY, J.P. 1873. 
[Remarks on iron ores lJear Doylestown, Pa.) 
In Am. Philo. Soc., Proc., vol. 13, p. 264. 

[LESIJEY, J. PETER]. 1874:. 
Notes on the geology of Lehigh count.y, Pn.. 
In Seconcl Geol. Surv. of Pennsylvania, 1874. 

Report on the Brown Hematite ore ranges 
of Lehigh county, vol. D, pp. 57-66. 

Contains brief ol>sen·ations on the Newark 
rocks of Lehigh county, pp. 61-64. 

]3ull! 85-l6 

LESLEY, J.P. 1880. 
Geological map of Cumbcrlaml county, Pa. 
ln Second Geol. Surv. of Pemtsylvania, vol. 

D, 5, atlas. No text accompanying. 

LESLEY, JOSEPH PETER. 1883. 
The geology of Chester county after the sur

Ye,rs of Henry D. Rogers, Persifor Frazer, 
and Uharles E. Hall. 

In second geological survey of PennsylYania,
vol. C, 4, pp. 1-5-!, 63-214, 351-354, pl. 2. 

Unconformity at base of the Ne>Yark system 
with hypothesis to account for it, p. 22. 
Folding of the Appalachians previous to 
the Newark, p. 132. A general statement 
of the character of the Newark of Penn
sylvania, compiled principally from re
ports of previous 'observers, pp. 178-215. 

LESLEY, JOSEPH PETER. 18R5. 
Second geological survey of Pennsylvania. 

Report of progross. 
A geological hand atlas of the sixty.seven 

counties of Pennsylvania, embodying the 
the results of the field work of the survey 
from 1874 to 1884. 

Harrisburg, pp. i-cxii, pl. 1-61, aml 2 maps. 
Presents brief sketches of the geology of each 

county, in explanation of accompanying 
maps. 

LESLEY, J. PETER. 1886. 
Geology of the Pittsburg coal region. 
In Am. Inst. Min. Eng., Trans., vol. 14, 1885-

1886, pp. 618-656, and on map op, p. 65G. 
General remarks on the deposition of theN ew · 

ark rocks of Pennsylvania, p. 630. Area 
occupied shown on the map op. p. 656. 

l;ESLEY, J.P. 1891. 
On an important boring through 2,000 feet of 

Trias, in eastern Pennsylvania. 
In Am. Philo. Soc., Proc., vol. 29, pp. 20-25. 
Gives a record of strata passed through in 

boring a well in BLlcks county, 18 miles 
nodh of Easton, Pa. In remarks on 
the Jl::tper, B. S. Lyman states the rocks 
llenetrated belong in tho central portion 
of the Newark system, which is 2,100 feet 
thick. 

LESLEY, J. P. Cited on former extent of the 
Newark system (Macfarlam,, '79, p. 41). 

Cited on mode of formation of the Richmowl 
coal field, Virginia (Clifford, '87, pp. 6, 
29-30). 

Cited on overflow trap shePts in Pcnnsyl1·ania 
(W. M. Davis, '83, p. 298). 

Cited on relation of trap and sandstone in 
l'ennsylvania (W. M. Davis, '83, p. 287). 

Cited on structure and mode of formation of 
the Richmoml coal fifll(l, Virginia (Mac-
farlane, '77, pp. 510-514). · 

LESLEY, J.P., and PERSIFOR FRAZER. 1876. 
Geological map of Adams county, Pa. 
In second geological survey of Pennsyl1•ania, 

vol. D 5, atlas. No text accompanyiug. 

LESLEY, J.P., and E. V. d'INVILLIERS. 1885. 
Report on the Cornwall iron ore minos, Leba

non county, Pa. 
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Ll'~LEY, J. P., and E. V. d'INVILLIERS
Continnell. 

In Ann. Rep. of tho Gool. Snrv. of Pennsyl
vania for 1885; llarrisburg, Pa., 1886, pp. 
491-570, nn<l plates. 

Gives a clotailecl description of the iron ore 
body at the Corn wall mines, and states its 
relation to the trap and sedimentary beds 
of tho Newark system. .A fault having 
a lhrow of several t.hoL1Sall(1 feet is stated 
to exist. at tlw jnnction of the Newark 
rocks with t.lto uordoring formations on 
the west; strikes and clip, character of the 
trap dike, etc., are given. 

LESQUEREUX, L. 1876. 
On tlu~ tertiary flora of the North American 

lignitic, considered as evidence of the age 
of t.l1e formation. 

In annual report of the United States geologi
cal and geographical survey of the Terri
tories, embracing Colorado and !)arts of 
adjacent Territories, being a report of 
progress for the year 1874. By F. V. Hay
deu. ·washington (Interior Dep.), pp. 
275-365, jJls. 1-8. 

Contai11s a brief reference to the age of the 
Newark system n,s indica.ted by fossil 
plants. 

LESQUERf~UX, LEO. 1849. 
[A fossil tree trunk found at Belleville, N . .J.] 
In [A1mual report on the geology of New 

Jersey for 1879], pp. 26-27. 
A quotation from a letLer in reference to a 

photograph of a fossil tree trunk supposed 
to be a Lepidodendron. 

Lesser cross roMls, N.J. Copper ores near (Coo~, 
'68, p. G78). 

Dip in shale near (Cook, '82, p. 29). 
Dip near (Cook, '68, p. 198). 

Leverett, l\Iass. Note on conglomerate near 
(Nash, '27, p. 247). 

Stratigraphy in (Walling, '78). 
J.~EWIS, HENRY CARVILL. 1880. 

A new loeality for lignite. 
In Philadelphia Acad. Nat. Sci., Proc., vol. 32, 

p. 281. 
Describes the occurrence of lignite in Mont

gomery connty, Pa., in what the aut11or 
seems to regan1 as Newark beds. 

LEWIS, HENRY CARVIM,, 1880a. 
The iron ores and lignite of the Montgo1hery 

county valley. 
In Philadelphia Acad. Nat. Sci., Proc., vol. 32, 

pp. 282--291. 
Contains a few observations on the Newark 

system in the region referred to. 
LEWIS, HENRY CARVJLJ_,, 1880b. 

On a uew fucoidal plant from the Trias [of 
New Jersey]. 

In Philadelphia Acad. Nat. Sci., Pruc., vol. 
32, pp. 293-294. 

Abstract in Neues Jahrbuch, 1882, p. 138. 
Describes and figures the east of what is de

scribed as a fossil fucoid, umler the name 
of Palceophycus l'imacifonnis, from Mil
ford, N.J. 

J.~EWIS, H. C. 1882. 
On a fault in the Trias near Yanlleyville, Pa. 
In Philadelphia Acad. Nat. Sci.. Proc., vol, 34, 

pp. 40--41. 
Describes the occurrence of a dike of trap co

incident with a fault between sandstone 
and conglomerate. Refers also to change 
in tho dip of samlstono and shale llro
duced by trap dikes. 

LEWIS, H. CARVILL; 1882a. 
The geology of Philadelphia. 
In ]'rank lin Inst. Journal, 3t1 ser., vol. 85, 1883 

pp. 359-37 4, 422--427. 
Includes a brief popular accouut of the gen

eral features of the Newark system near 
the locality mentioned, together with a 
reference to tho reptilian fossils fouml in 
the same bods, aud the mode of origin of 
the aRsociated trap rock, pp. 42G-427. 

LEWIS, II. CARVILLE. 188-l. 
[Note on Newark fossils from near Phmnix

ville, Pa.) 
In Science, vol. 3, p. 295. , 
Sla.tes that two species of Unio, together with 

undetermined marine shells aml remains 
of plants and animal, have been obtained 
uear the town ment.ioned. 

LEWIS, II. CARVILL. 1885. 
A great trap dike n,cross southeastern Penn

sylvania. 
Am. Phil. Soc., Proc., vol. 22, pp. 438-456, map 

op. p.440. 
Abstract in Science, vol. 4, p. 328; al~o in Am. 

Assoc. Adv. Sci., Proc., vol. 33, pp. 402-403, 
all(l in Ncues Jahrbuch, 1887, p. 74. 

Reviewed by Persifor Frazer in Am. Philo. 
Soc., Proc., vol. 21, pp. 691-694. 

Describes in detail the course of a trap dike 
whieh enters Pennsylvania at Penmar 
at the southwest and extends nearly to 
the Delaware on tho east. The course of 
the dike is shown on the map op. p. 440. 
The association of ·the dike with a great 
fault in Bucks county is discusse<l. 

A criticism of this paper by P. :Frazer is re
plied to, p. 456. For Frazer's rejoinder, see 
l!'razer, 1884. 

LEWIS, 11. C. Review of a vapor l>y, on a great 
trap clike across soutlteao;teru Pennsyl
vania (Frazer, '84). 

J,ewisburg, Pa. Contact metamorphism near (H. 
D. Rogers, '58, vol. 2, pp. 688-68!)). 

Sandstone from (E. C. Hall, '78, p. 36). 
'.rrap dikes near (H. D. Rogers, '58, vol. 2, p. 

688). 
Trap l1illsnear (H. D. Rogers, '58, vol. 2, p. 688). 

Leyden, l\Iass. Contact of Newa1·k system and 
Primary rocks in (E. Hitchcock, '35, p. 
223). 

Description of the gorge and glen,.. in (E. 
Hitchcock, '41, pp. 285-286). 

Dip and strike at (E. Hitchcock, '41, p. 448). 
Dip of sandstone in (E. Hitchcock, '35, p. 223). 
Junction of Newark syo;tem and Primary 

rocks iu (E. Hitchcock, '41, p. 448). 
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Liberty center, N.J. Course of trap ridge near 
(Na1:1on, '89, p. 35). 

Liberty corner, N.J. Analysis of trap from near 
(Cook, '68, p. 218). . 

Boring for coal at (Cook, '68, p. 696). 
Boundary of First mountain trap at (Cook, 

'68, p. 182). 
Copper ores near (Cook, '68, p. 678). 
Com·se of tmp ridge near (Cook, '82, p. 56). 
Dip in shale near (Cook, '82, p. 29). 
Dip near (Cook, '68, p. 198). 
Divcfse dips near (Nason, '89, p.18). 
Long hill near, described (Cook, '68, p.187). 

Lichti's (or Mghty's) ore b:mk, Pa. Report on 
(Frazer, '77, p. 229). 

LIEBER, OSCAR ~IONTGOlUEltY. 1856. 
[First annual) report on the survey of South 

Carollna. 
Columbia, S.C., pp. i-vii, 1-133, pl. 1-!:l. 
Contains a brief account of the Newark sys

tem in South Carolina, pp. 1!:1-20, 103, 106, 
pl.6. 

Lignite :tUlartin's head, N. S. (Daws011, '78, }J. !)!)). 
J\'leution of (Hailey, Mathews and Ells, '80, 

1). 21D). 

Lignite from North Catrolina :m<l Virginia, age 
imlicilted by <'V. B. Ro~ers, '55a). 

Lily pond, Gil1, ~lass. Description of fossil foot
prints from (C. H. Hitchcock, '88, pp. 123-
124). 

Lime IJOSt, P:t. Diverse dips near (Nasou, '89, p. 
19). 

Limestone, bituminous, near Meriden, Conn., 
mention of (W. M. Davis, '89, p. 62). 

Limestone in Connecticut valley (Percival, 'oi2, p. 
36.'i). 

Brief acconnt of (W. M. Davis, '88, p. 468. 
Percival, '42, p. 316). 

Deposited from spriugs (Emerson, '87, p. 19). 
Deseription of (Percival, '42, pp. 375, 428, 443-

444). 
Description of the occurrence of (PerciYal, 

'42, pp. 316, 344, 3!:12). 
Discui<sion of the origin of (W. M. Davis, '89, 

p. 66). 
1\[euLion of (W. M. Davis, '8!), pp. 6i-65.) 

Limestone (Potomac marble) in ~Iarylaitd (Shaler, 
'8,!, p. 177. pl. 46). 

J,imestonc in ~lltss:tcJmsetts. At West Springfield 
(E. Hitchcock, '41, p, 65!:1). 

Brief aecount of (E. Hitchcock, '35, pp. 218-
219). 

Description of (E. Hitchcock, '41, p. 444). 
DiscOY('ry of (E. Hilehcock, '35, pp. 38-39). 
Metamorphosed by beat of trap at West 

Springfieltl (E. Hitchcock, '35, p. 425). 
Limestone ht New Jersey (Britton, '85a. Cook, 

'79, pp. 31, 33. Cook, '82, pp. 42-43). 
Analysis of (Cook, '68, }). 516). 
Description of (Cook, '68, pp. 214-215. Cook, 

'82, p. 23). 
Localities of, in the Newark system (Nason, 

'89, p. 22). 
Near Clinton valley (Nason, '8!:1, p. 18). 

Limestone in New Jersey-Continuecl. 
Near Feltville (Cook, '79, p. 18. Nason, '89, 

p. 20). 
Near Scotch plains (H. D. Rogers, '40, p. 134). 

Limestone in New York. Conglomerate of Rock· 
land connty, brief account of (Mather, 
'39, pp. 126-127). 

Rockland county, brief account of (1'1:1ather, 
'3!), p. 126. Mather, '43, pp. 288-289). 

Limestone in North C:trolina (Emmons, '57, p. 33). 
Chatham county (McLcnahan, '52, p.170). 
Dan river coal field (Emmons, '52, p. 154). 

Limestone in Nova Scotia (Ells, '84, p. 12E). 
Limestone in Pennsylvania. Bucks county, men

tion of (Lewis, '85, p. 44!:1. Lesley and 
d 'Invilliers, '85). 

Near Dillsburg (Frazer, '77, pp. 225, 308). 
Analysis of (Frazer, '76c, p. ·63) 

Near Liverpool (Frazer, '76, p. 15!:1). 
Quarries of (Shaler, '84, p. 156). 

York county, analysis of (McCreath, '81, pp. 
79-80). 

J .. imestone in Virginia. Detailed description of 
(Hcinricl1, '78, p. 243). 

Limestone on Prince E<lward isl:tll(l (Dawson and 
Harrington, '71, pp. 34, 41). 

LINCKLAEN, J .. EDYARD. 1861. 
Guide to the geology of New York and to the 

state geological cabinet. 
In follrteenth annual report of the regents of 

the tmiversity on the state cabinet of nat
ural history. 

Albany. Pp. 17-84. 
Contains a brief and very general account of 

the geolof!;y of Rockland county, N. Y., 
pp. 34, 53, 76. 

Lincoln university, Pa. Mention of a trap cUke 
near (Frazer, '85, p. 693. Lowis, '85, p. 
447). 

Linden race track, N.J. Record of bored well at 
(Nason, '89b). 

Lill(lsley's mill, N.J. Dip of builcling sLone near 
(H. D. Rogers, '40, p. 133). 

Linoleumville, N.Y. Description of trap rock at 
(Britton, '81, p. 169). 

LionviUe, Pa. Tra1) dike near (Lewis, '85, p. 445). 
Lisburn, Pa. Conglomerate near (ll. D. Rogers, 

'58, vol. 2, pp. 682, 1383). 
Trap tlikes near (H. D. Rogers, '58, vol. 2, pp. 

688, 689). 
Trap ridge near (H. D. Rogers, '58, vol. 2, p. 

678). 
Lititz, P:t. Boundary of the Newark near (H. D. 

Rogers, '58, vol. 2, p. 668). 
LITTLE, GEOUGE. 1878. 

Catalogue of ores, rocks, aml woods selected 
from tho Geological Survey eolloctions of 
the state of Georgia, U.S. A., with a de
scription of the geological formations. 

Atlanta, Ga. Pp. 1-16. 
Contains a brief account of trap dikes in 

Georgia, which are probably a portion of 
the series of dikes traversing the Newark 
system. 

Little falls, Conn. Fossil fishes at (C. H. S. Da
vis, '87, p. 21). 
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Little falls, N.J. Basaltic colnmns at (Cook, '68, 
p. 203). 

Bearing of joints at (Cook, '68, p. 201). 
Boundary of Newark ncar (Cook, '68, p. 175). 
Boundary of Second mountain, trap near 

(Cook, '68, pp. 183, 184). 
Building stone at (Cook, '68, p. 505). 
Character of the rocks in quarrif's near (Na

SOIJ, '89, p. 23). 
Columnar trap at (Cook, '68, p. 203. Cook, 'S2, 

p. 53, pl. 5). 
Contact of trap and sandstone at (Cook, '83, 

p. 23). 
Description of geology near (W. M. Davis, '83, 

pp. 272-274). 
Description of sandstone ncar (Cook, '68, p. 

209. H. D. Rogers, '40, p. 131). 
Description of trap sheet near (Darton, '90, pp. 

20, 22). 
Description of trap outcrop ncar (H. D. Rog

ers, '40, p. 1-!7). 
Dip in sanustone at (Cook, '79. p. 30. Cook, 

'82, ll- 24. II. D. Rogers, '40, p. 131). 
Dip near (Cook, '68, p. 196). 
Erosion of trap rock at (Cook, '82, pp. 15-16). 
Gap in Recowt mountain at (Cook, '82, p. 52). 
Lower contact of trap sheet at (Darton, '90, 

p. 31). 
Lowering of trap reef at (Cook, '68, p. 855). 
Notch in First monfttllin near (Nas011, '89, p. 

26). 
Occurrence of fossil p lant.s at (Lea, '53, p. 193). 

Plant remai11s in sandstone near (Nason, '89, 
pp. 23, 28). 

Quarries at (Cook, '79, pp. 20, 22. Cook, '81, 
pp. 49-51. Shaler, '84, p. 141). 

Sandstone beneath trap at (Cook, '68, p. 183). 
Section of trap sheet near (Darton, '90, pp. 

30, 31). 
Succession of trap sheets at (Darton, '90, p. 

25). 
Thickness of strata at (Cook, '68, p. 201). 

Little river valley, N. S. Basaltic trap of (.Jack
son and Alger, '33, p. 295). 

Little round top, P:t. Specimens of trap from 
(C. E. Hall, '78, p. 27). 

Little snake hill, N. J. See Snake bill (Cook. '68, 
pp.178-179). 

Littlestown, Pa. Altered conglomerate near (H. 
D. l~ogcrs, '58, vol. 2, p. 680). 

Bonntlary of the Newark near (H. D. Rogers, 
'58, vol. 2, p. 668). 

Dip 11ear (Frazer, '76, p. 102). 
Dolerite from (.Frazer, '76, p. 159). 
Dolerite, sandstone, and conglomerate from 

11ear (C. E. Hall, '78, p. 23)-
Section from, to Gettysburg (.Frazer, '77, pp. 

299-304, pl. op. p. 304). 
Trap dikes near (Frazer, '76, p. 102. H. D. 

Rogers, '58, vol. 2, p. 680). 

Uttle York, N.J. Boundaries of Newark system 
near (Cook, '89, p. 11). 

Cm1glomcrate at (Cook, '68, p. 210. Cook, '82, 
p. 41). 

Pip in sh~le :qoar (Cook, '82, p. 27), 

Little York, N. J. -Continurd. 
Gneiss bordering the Newark system near 

(Nason, '89, p. 16). 

Liverpool, Pa. Coal ne!lr (Frazer, '85, p. 403). 
Limestone and sandstone from near (Frazer, 

'76, p. 159). 
Limestone, coal, etc., from near (C. E. Hall, 

'78, p. 24). 
Remark on coal from (McCreath, '79, p. 103). 

Uewellyn Park, N.J. Boundary of First moun
tain trap near (Cook, '68, p.l81). 

Columnar trap at (Darton, '90, p. 24). 
Contact of tr::tp and sandstone near (Cook, '82, 

p. 52). 
Description o~ columnar trap near (Iddings, 

'86). 
Description of sandstone near (Cook, '68, p. 

209). 
Dip at (Cook, '()8, p. 195). 
Dip in sandstone near (Cook, '79, p. 30. Cook, 

'82, p. 24). 
Sandstone qnarry at (Cook, '79, p. 22). 

Lockatong, N. J. Aranaceous strata near (H. D. 
Rogers, '40, p. 123). 

LOCKE, (-) . Citerl on the magnetism of trap 
rocks (E. Hitchcock, '45a). 

Lockhart shoali'J, S. C. Trap dikes near (Ham
mond, '84, p. 4G6). 

Lockville, N. (.;. Brief account of lOcks near 
(Emmons, '57b, p. 77). 

Fossil plants from (Emmons, '57, pp. 100-132, _ 
145). 

Hematite near (Willis, '86, p. 305). 
J_,ockville (Jones's t'alh), N.C. Plant bed at, with 

description of fossils (Emmons, '56, pp. 
324-327). 

LOGAN, W. E. 1865. 
Geological survey of Canada, report of prog

ress from its commencement to 1863. 
Atllls of maps and sections with an intro
duction and appendix. 

Montreal. rp. i-Yi, 1-42, and 13 plates and 
maps. 

The geological map in this report indic!ltes 
areas occnpiecl by Newark rocks. 

LOGAN, W. E. 1866. 
Geological map of Canada an4l atljacent re

gions, including parts of the United States. 
Montreal. 
See Hall aml Logan, 1866. 

J,OGAN, W. F~. Cited on the age of the Newark 
rocks of Nova Scotia, etc. (Dawson, '78, 
p. 109). 

Logan mine, P:t. Description of ((l'lnvilliers, '86, 
pp. 1510-15Ll). 

Report on (Frazer, '77, p. 211). 
Logansville, Pa. Trap near (Frazer, '76, p. 95. 

C E. Hall, '78, p. 43). 
Londonderry, N. S. Contact of Newark and 

Lower Carboniferous near (Ells, '85, p. 
48E). 

Long hill, N. J. Analysis of trap from (Cook, 
'68, p. 217). • 

Boundary of Long hill trap near (Cook, '68, 
p. 187). 

~mmdary of New!llfl~ Pl'lar {Cook, '681 p, 175), 
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Long llill, N. J.-Continued. 
Character of the exposures near (H. D. 

Rogers, '40, p. 132). 
Course of (Cook, '82, p. 19). 
})escription of (Cook, '68, llP· 186-187. Cook, 

'.82, p. 56). 
Dip on the sontheast of (H. D. Uogcrs, '40, p. 

132). 
Reference to geological features of (H. D. 

Uogcrs, '40, p. 133). · 
Sandstone above trap at (Cook, '68, p. 201). 
Section from, to Botmd Brook, N. J. (Cook, 

'GR, 11. 199 and map in portfolio). 
See also Tldrcl \Vatclmng mountain. 

Long island, Vn. Boundary of Newark ncar 
(Heinrich, '78, p. 237). 

Long islan<l, N. S. Description of (Dawson, '78, 
p. 97. Gesner, '36, 11. 174. Jackson aml 
Alger, '33, pp. 219-220). 

Dip of sandstone on (Dawson, '78, p. 91). 
lt<'cks of (Gesner, '36, p. 80). 
Section near (Dawson, '47, p. 56). 

Longmeaclo"·, .ftlass. Brief account of builcling 
stone found at (E. Hitclwock, '35, p. 46). 

Dip and strike of rocks in (E. Hitchcock, '41, 
p. 448). 

Notice of bnilding stone at (E. Hitchcock, '32, 
Pl1· 35-36). 

Longnecker iron mine, Pa. Description of (d'Ju. 
villiers, '86, pp. 150!!-1510). 

J,ontttka trap (ridge), N.J. Description of (Cook, 
'68,·p. 188. Cook, '82, 11p. 57-58). 

J,OPER, S. WARD. 1891. 
Two belts of fJssiliferous black shale in the 

Triassic formation of Connecticut. 
See Dav>s and Loper, 1891. 

LOPER, S. W. Reference to fossil fishes in cab
inet of (N ewbcrry, '88). 

Loudoun county, Va. Description of the Newark 
in (W. B. Rogers, '40, pp. 64-69). 

LOUGHRIDGE, R. H. 188<1. 
Report on the cotton production of the state 

of Georgia [etc.]. 
In Tenth Census of the United States, Wash· 

ington (Interior Dept., Census Office), 4to, 
vol. G, part 2, pp. 259-450). 

States that the Newark system is probably 
represented in Georgia by trap dikes and 
by clay slates adjacent to tbe metamorphic 
region, p. 279. 

Lower Montville, N.J. Courseoftrapridgenear 
(Cook, '82, pp. 54-55). 

Uower Oxford, Pa. Mention of a trap dike in 
(Frazer, '84, p. 693). 

Low torne, N. Y. Elevation and character of 
(Darton, '90, p. 38). 

LYEJ,L, CHARLES. 1842. 
On the fossil footprints of birds aml impres

sions of raindrops in the valley of the Con
necticut. 

In Loudon Geol. Soc. , Proc. , vol. 3, 1838-1842, 
pp. 796- 796. 

Uepublished in Am. Jour. Sci., vol. 45, 1843, 
pp. 394-397. 

LYELL, CHARLES-Continued. 
Describes the sandstone formation of the 

Connecticut valley and New Jersey, with 
its fossil tracks and other impressions. 
Com;iders the conditions of its deposition, 
rehttion to the hypogene rocks, age, ck. 

J,YEM, [CUAUJ,ES]. 18-l2n. 
[Remarks on the cause of 1,11e prevailing dip 

of the New Rc(l sandstone oft he CmmecLi
cnt valley and of New Jersey and Penn· 
sylvania.] 

In Am. Jour. Sci., vol. 43, pp. 170, 172; also in 
Am. Assoc. Geol. allfl Nat., Pruc., pp. 63, 
<i4, G<i. 

Brief remarks on a paper by Etlwartl Hitch· 
cock 

184-3. 
Fo.;,;il footprints. • 
In lectures on geology, delivered at tlHl Ilroad

way tabernacle, in the cit.y of New York 
Lecture VI, pp. 37-43. 

Contains a brief account of fossil footprints, 
fossil fishes, etc., from New Jer::;e\' and 
the Cmmecticnt valley. · 

LYELJ,, CHARLES. 184-5. 
Travels in North America, with geological 

observat.ioJJson the United States, Canada, 
and Nova Scotia. 

London, 12mo, vol. 1, pp. i-xii, 1-316, pl. 1, 3- 5, 
vol. 2, pp. i-viii, 1-272, pl. 2, 6- 7. 

Another edition of this work was issried in 

New York, 1845, in two volrunes, 12mo, 
but without a number of the plates that 
accompany the edition mentio11ed ahO\'e. 
A second English edition appeared in 
1855. A German edition translated by 
Emil Th. ·wolff, was pnblished at Halle 
in 1846. 

Reviewed in Quart. Jour. Geol. Soc., London, 
vol. 1, pp. 389-399, and by E. Emmons in 
Am. Quart. Jour. A_gri. and Sci., vol. 2, pp. 
265-2<i7. 

Uefers briefiy to the sandstone and trap near 
New Ha,·en, Conn., vol.1, p. 13, and to the 
same formation in New .Jersey, }J.15. De
scribes also :t visit to the Connecticut val
ley in Massachusetts. in company with E. 
Hitchcockp11, . 25l-255. Mentions the oc
currence of sau(lstone, trap, etc., nt ca.pe 
Tnomidou, N. S., vol. 2, pp. 271-272. A 
eolorcd geological map of the eastern por
tion of the Unite(l States forms the fron
th!piece of Yol. 2. A geological sketch 
map of tho Uuited States forming plate op. 
p. 75, in vol. 1 of the New York e<litiou, 
does not appear in the London edition. 
Mentions also the occurrence of sand
stone, trap, amygdaloid, etc., at eape 
Blomidon, N. S., vol. 2, p. 271. 

J,YEJ;L, CHARI;ES. 1847. 
On tb.e strucLure and probable age of the coal 

fiel<l of the James River, near lUcb.moud, 
Va. 

In Quart. Jour. Geol. Soc., London, vol. 3, pp. 
261-280, pls. 8-9. 
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LYEJ,L, CHARU•~S-Continued. 
Abstract in Am . .Jour. Sci., 2cl ser., vol. 4, lJP. 

113-115. 
Geolo"'ical structure of the coal field, p. 261. 

V~rtical cabmites, p. 262. Thickness of 
coal, p. 263. Section showing the geolog
ical position of tlw coal-uearing rocks, p. 
263. Section uf MitUothian coal mine, p. 
265 . .TmlCtion of coal aml granite in Black· 
heath mines, }J. 266. Organic strncture 
antl mineral composition of the coal, p. 
268. Vegetaule strnctureof mineral char
coal from Clover hill mines, p. 268. Anal
yses of coals aml coke, p. 270. Beds of 
coal changed to coke by the action of trap, 
p. 270. Natural coke, p. 272. Positicm of 
the trap, p. 273. .Age of tho coals as cle
terminecl by orga:nic remains, J). 274. Fos
sil shells, p. 274. Fossil fishes, p. 275. 
\Vhether the strata, are of marine or fresh
water origi11, p. 278. Fossil plants, p. 278. 
The coal measures probably of the age of 
the inferior Oo1itic and Lias, p. 279. 

LYELL, CHARLES. 18-19: 
A second visit to the U11itecl States of North 

America. 
London, 1849, vol. 1, pp. i-xii, 1-36b; vol. 2, pp. 

i-xii, 1-385. 
Second ed. not seen. 
Thircl eel, London, 1855, .in two volumes, 

paged as in 1st eel. Coilt.ahls an account 
of a visit to t.he Richmon1l coal field, Vir
ginia, vol. 1, pp. 279-288. 

J,YELL, CHARLES. 1861. 
On fossil rain marks of the Recent, Triassic, 

ancl Carboniferous periods. 
In Quart . .Jour. Geol. Soc., London, vol. 7, pp. 

238-247. 
Describes raindrop impressions from Newark 

and Pompton, N . .J. Gives figures ofl·ain
clrop impressions and of bail impressions 
from Pompton, copied from C. W. Red
field, pp. 238, 242-244. 

LYELL, C. 18iila. 
On the cliscovery of some fossil reptilian re

mains and lands h ells in the interior of an 
erect fossil tree in the coal measures of 
Nova Scotia, with remarks on the origin 
of coal fields and the time required for 
their formation. 

In I{oy. Inst. [London], Proc., vol. 1, pp. 281-
288. 

Gives a brief account of the area, remarks the 
absence of reptilian remains in, p. 283. 

LYELL, CHARLES. 18iilb. 
[Origin of raindrop impressions.] 
In .Am. Assoc. Adv. Sci., Proc., vol. 5, p. 74. 
Quotation from a letter in a }Japer by W. C. 

Redfield. 
LYEM,, C. 1851c. 

On impressions of raindrops in ancient and 
modern strata. 

Royal Inst. [of Great Britain], Proc., vol. 1, 
pp. 50- 53. 

Mentions raindrop impressions from New 
.Jersey. 

J,YELL, CHARJ,ES. H!52. 
I11ferences deducible from the raindrop im

pressioHs in the Triassic and Carbonifer
ous rocks. 

In Ann. Sci. Discov., p. 261. 
Brief extract from a lecture in which the im

}1ressions of raindrops :m1l associated im
presRions on ~ertain rocks are interpreted. 

LYELJ,, ClrAUJ,ES. ISM. 
Special reports on the geological, topogra11h

ical, and hydrographical 1lcpartmcnts of 
tl10 exhibition. 

In general report of tl10 British commission
ers of the New York industrial cxl1 ibitiou 
in 1853, London, 4to, pp. 1-50. 

.Abstract h1 France, Gcol. Soc., J~nll., 2d scr., 
vol. 12, part 1, pp. 400-428. 

Describes bricJJy the rocks of tllO Deep river 
basin, N.C.~ and of the Chesterfiel<l uasin 
(Hichmond coal field), Va., referring to 
them as Oolit.e or Lias. The extent and 
cl1aracteristics of the Newark sy;;tem in 
Massachusetts, Connecticut, Now .Jersey, 
and Pennsylvania, also receives attention, 
with special reference to their economic 
procluc1s. The chamcter of the trap 
rockf:l in these states allfl their relation to 
associated stratified rocks is also treated. 

LYELL, C. 1857. 
[Remarks on the age of the Richmond coal 

fielcl, Va.l 
In geology of North .America, by .Jnles Mar· 

cou, Zurich., 1858, 4to, p.16. 
In a letter to C. Marcou, states that C. Bun

bury has changed llis statement as to the 
age of the plants of the Tiichmm1tl coal 
field, on account of a change in th(; deter
mination of the age of the bc1b wi1.h which 
they were comparerl. 

LYELL, CHARLES. 1866, 
Elements of Geology. 
New· York, 6th eel., pp. i-xvi, 1-803. 
PubliRhecl previously as "A manual of ole· 

mentary geology," several editions. 
Contains a condensed description of the IUch

moncl coal field, Va., the Deep river coal 
fielfl, . N. C., anrl of tho sand1<to~:.e, etc., of 
the Connecticut valley. 

LYELL, C. 
The Student's Elements of G11ology. 
London, 12mo, pp. i-xix, 1-62·L 

1871. 

Contents relating to theN ewark sa111lstonc of 
the Connecticut valley, p. 3Gl. 

Coal field of Richmond, Va., p. 362. M mnma
lian remains, p., 36i. Low grade of early 
mammals fayorable to tllfl theory of )ll'O-

gressive development, p. 361. 

LYEJ,J,, C. Cited on age of certain rocks in Nov:t 
Scotia (Dawson, '78, p. 109). 

Citerl on age of Newark system (Dewey, '57. 
Lea, '58. Newberry, '88, p. 10). 

Cited on age of theN ewark system of Virginia 
(Horner, '46). 

Citecl on age of the Richmond coal field, Ya. 
(Hull, '81, p. 460. Marcou, '49, pp. 273-274. . 
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LYELL, C.-Contimu'tl. 
Marcou, '58, p. lG. \V. C. Rcdiield, '5G, 
]lp. 185, 187). 

Cited on coal mining il1 tl!c Riciimoml coal 
fiehl (FOIItaiJie, '79, ]lp. 35, 36). 

•Cited on fossil crnstaec:ms from the Newark 
system (Jones, '62, pp. 85, SG). 

Cited on the fossil fishes of the N<>wnrk sys
tem (Now berry, '88, p. 20). 

Cited em fof<sil footprints (Murchison, '43). 
Gitl~el on the fossil pl1mts of the Richmond 

area (De La Beebe, '48. Fontaine, '83, p. 
25). 

Cited on geology of the Richmond coal, Vil'
ginia (Greer, '71. Taylor, '48, p. 47). 

Cited on intrusiYC trap sheets in Virginia (W. 
},f. Davis, '83, 11. 294). 

Cited on Jlatural coke in Riclnnon1l eoal field, 
Va. (Clill'ord, '87, p. 12. De La Beebe, '48). 

Cited on Newark flora (Marcon, '90). · 
Cited on origin of certain raindrop impressions 

fonml in NewJerseyCW.C.l~etlfield, '5la, 
Jlp. n, 74). 

Cited 011 Posidonia from the Richmond coal 
field, Va. (Lea, '56, p.78). 

Cited on relation of trap and sanrlstone in 
Masf!acllllsetts (Davis, '83, ]1. 285). 

Citell on Richmond coal field, Va. (Clifl'onl, 
'87, pp. 2, 5, 7, 8, 13, 14, 23, 24). 

Citecl on Richmond coal field (Clifford, '88. 
Emmons, '57, pp. 11-13). 

Citetl on section in the Richmond coal field, 
Va. (Emmons, '56, p. 339). 

Cited ou trap dikes in the Richmonu coal1ield, 
Ya. (W. M. Davis, '83, p. 293). 

:Fossil fishes obtained by, from Connecticnt 
(Egerton, '49, Jl. 8). 

Notice of work by, in Virginia J.Miller '79-'81, 
vol. 2, pp. 149-151). 

LYMAN, B. S. 1891. 
[Remark:> on bored well in Bucks cotmty, 

11ear Easton, Pa.] 
In Am. Philo. Soc. Proc., vol. 2!), pp. 24, 25). 
[Remarks on paper !Jy J.P. Lesley. Sec Les

l<3y, '91, in which tho section passed 
thr011gh Ly the Loriug refene!l to is given.] 

I.ynchburg, V11. Hrid' nccouut of ;;:mll::<tOJJe nenr 
(W. R. Rog-erR, '3G, p. 82) . 

.liiACFARLANl•:, .TA~IES. 187i . 
The coal region~ of Alllcrica; their topo

graphy, geology, allll clevelupment. 
New York, 3d ed., JlJl. i- xvi, 1- G!lG, aml 2\:1 

maps. 
2q eel., New York. Not. seen. 
lst eel., New York 1873, pp. i-xYi, l-G7G, an1l 

25lllaps. 
Contains a gmwral account ot' the Riclmwud, 

Va., Deep river nnrl Dan ri \'Cr, N. C., l'oal 
fi•~ltl:;. Compiled }Hincipally from tho re
port, of E. Em I !lOllS, H. D. Uogt•rs, :uHl J. 
]'. Lt·sley. Contaim; geological skl'tch 
map of tl1e Uuite.t i:iLat.PR, pl. OJl. p. 3; a 
geological map of T'PJmsylvaHia, f'rmltis
piece; awl a ma11 or the Unitetl Slate" 
showing uistrilmtiou of coal fields, pl. op. 
p. 626. ' 

lUACFARJ~ANE, JAlliES. 1879. 
An A mcrican geological rail 11-ay guide. 
New York, pp. 1-21G :md a geologieal map. 
Contains a brief Rkdch of the Newark sys· 

tom, ancl indicates wl1at railroad stations 
arc situatecl on it. 

1\IA(:J<'ARJ,ANE, ,JA~IES. I SS5. 
An American grological rail\Yay g1Ji•l c. [C<'· 

ing; adv:mee sheets of a Recond erlition, 
n~lating to t.l1e Dominion of C:mnrln.] 

New York, pp. 52-82. 
Refers ln·ietly to the Newark rocks of Nova 

Scotia, p. 5G. 

~IA<:FAULANE, .T. Cited on the coal Jlroclnction 
of the Richmonll coal field, Ya. (Heinrich, 
'7R, p. 268). 

Cited on the Yalue of the Richmoncl coal field, 
Va (Hotchkiss, '80, pp. !l1-!l2). 

~IACTllE, S •• T. ISG:J. 
The aeronauts of the Solenhofen age. 
In The Geologist, vol. 6. :pp. 1-8, Jll. 1. 
Refers briefly to the footprints of tl1e Con

necticut valley. 
!\lACKIE, S. J. 1864-. 

Fossil birds. 
In The Geologist, vol. G, 18Ga, pp. 415-424,445-

455, pls. 22-24; vol. 7, 18G4, Jlp. 11-24, 50-
53, pls. 1-4. 

Contains a brief account of the finding of 
fossil footprints in the Connecl.icntvalley, 
followecl by a "bibliograpl1y of Cmmcrti
cutfootprints, ''compiled principally from 
a similar list by llitcheock in his Icl1· 
nology of New England. An extract is 
also given from Emmons's "American 
Geology" concl'\rning a fossil binl bone 
from the Newark rocks of North Carolina. 

~IACJ,URE, WILI.IA~I. 1S09. 
Observations on the geology of the United 

States, expla11atory of a geological m::tp. 
In Am. Phil. Soc., Trans., vol. 6, 180!), pt. 2, 

pp. 411- 42R. Re1mhlisherl in ;;anlC, n. s., 
vol, 1, 1818, pp. 1- !:l1, pls. 1- 2; al;;o as a. 
separate volume, Philadelphia, 1817, Rvo, 
pp. i - ix, 10-130, pls. 1-2, aml map. The 
map (as st.alod by Marcon) wns rrpro
dneed i11 1822 by 1'. Cleavelan1l as a fron
tispiece of :m <>lementarytrcatise 011 mincr
nlogy a11cl gt' nlogy. 2d ed., Boston, aUtl 
nlso in Vi-t.:l, in 'l'llC GeologiKt. 

Pori.ions of l he Newark rocks of N rw ,Jersey, 
C.:onuectieut, etc., aro eonsitleretl iu eou
JH•dion with other rock" wcBt of the Ap· 
pal:tl'l1ians, 'd1ich are now known to be 
of lllt lth ohh•r elate, tnHh'i' the h c:~d of 
"Sct~ontlary fonllat ion," m11l are sn reprc-
Html.t'tl on the map. · 

~IACMllm (- ). Cited on tile age of the I'O:tl 
iieltls of North Carolina (Emmons, '5G, p. 
271). 

1\L\.CLURE [W.]. CitC'cl on t.he ago of tl•e New
ark system (Lea, '53, pp. 188, 189. NPw
herry, 'RS, p. 8. ll. D. ltogers, '44, ]Jp. 248, 
251. H. D. Rogers, '58, Yol. 2, p. G93 

Cited on the age ol' tlte Richmond coal field, 
Ya. (Taylor, '35, p. 294). 
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~IcC:tnt's Brook, N. S. Trap of (Dawson, '78, p. 
316). 

M'CLl'RE, W:tl. 1822. 
Comparative features of American and Euro

pean geology. 
In Am. Jonr. Sci., vol. G, pp. 197-198. 
A11 extract from a letter relating to the ex

teut and gm1eral character of the trap 
rockfl of the Atlautic slope. The forme1· 
conneetion or Beveral or the Ncwm;.4 areaH 
uetwt-eu tho Connecticut and tue Rappa
hannock is snggesl ed. 

M'CLURE, W. Cited Oil the extent of the Dan 
river area, N.C. (Olmstecl, '27, Jl. 128). 

Cited on the former extent of the Newark 
system (Olmsted, '24, p. 18). 

Cited on the Newark of North Carolina (Olm
sted, '20). 

~rcClure iron mine, Pa. .Analysis of ore fron) 
(d'lnYilliers, '86, p. 1G13). 

McCormiek it·on mine, uear Dillsburg, Pa. Bril'f 
account of (Fraztjr, '76d). 

Description of (d'In villi ere;, 'g(i, pp. 1511- 1512). 
Report on (Frazer. '77, pp . 214-217, 228-229). 

ltlcCRlU'l'H, ANDREW S. 1879. 
:Second geological survey of Pennsylvania, 

1876-1878, MM. Second report of pro
gress in the laboratory of the survey at 
Harrisburg. 

Harrisburg, pp. i-xii, 1-438, anu 2 plates. 
Contains an analysis of coal from York co., 

Pa. 
1\lcCUEATH, ANDREW S. 1881. 

Second geological sun·ey of Pennsylvmtia, 
1879-1880. M3. Third report ofprogresH 
in the laboratory of the survey at Harris
burg. 

Harrisburg, pp. i-xx, 1-126, map in pocket. 
Contains anal~·ses of limestones from near 

Dillsburg, York county, Pa. 
ltlc<:REATH, A. S. Analysis of coal from tLe 

Ricl11nond. coal field, Va. (Clifford, '87, p. 
10) . 

.Analysis of iron oro from Pennsylvania by 
(d'Invilliers, '86, p.1507). 

Analysis of iron ores (d'Iuvilliers, '83, Pll· 324, 
325, 331-333, 341). 

Cited on the composition of coal from tl1e 
Richmond coal field, Va. (Chance, '85, p. 
19). 

lUcGF.E, W. J. 188<l. 
Map of the United States, exhibiting thepres

eut status of knowledge relating to the 
areal distribution of geologic groups. 

In U.S. Geol. Surv., fifth annual r eport, 1883-
188+, ]Jl. 2, in vocket at entl of volnmc. 

.A com]>ilcd map showing areas occnpicd by 
the Newark system. 

lticGEE, W • • J. 1888. 
Three formations of the middle A tlautic slope. 
In Am. Jour. Sci., 3d ser., vol. 3G, pp. l~0-143, 

~8, 330, 367-388, 4-i8-46G, pl. 2, G--7. Re
viewed in Am. Geol., vol. 2, pp.129- 131. 

States that the Potomac formation r ests un 
conformably on the eroded surface of the 
Newark, p]J.134, 135. 

lllcGEHEE, 111. 1883. 
Handbook of the State of North Carolina, ex. 

hibiting Its resources and industries. 
Raleigh, ]Jp. i-vi, 1-154. 
Contains a brief account of the Deep river 

and Dan river coal fields, ]))). 24- 2!'i, 75-77, 
82. 

:llcKAY, A. W. 
The red santl!>t.onc of Nova Scotia. 
British Assoc . .A(l\. Sei., 'Rep ., No. 35. 

1866. 

A brief summary of facts and conclusions 
concerning the distribution, litlJological 
character, fossils, geological age, de., of 
the Newark rocks or Nova, Scotia, pp. 60-
67. 

lli!·Kay'she:ul, N. S. Rocks of (Gesner, '30, p. 25~). 
:tleKnightsto.wn, P:t.. Sall(lstonc, conglomerate, 

etc., from (C. E. Hall, '78, 11. 42). 
lllcJ~EXAHAN, S. 1852. 

[Observations and I'emarks on the Deflp and 
Dan riYcr coal fields, North Carolina.] 

In report of Professor Emmons, ou his geo
logical surYey of North Carolh1a (Execu
tive document, No.13). 

Raleigh, 1852, pp. 1G8-173. 
Describes briefly some of the local features ot 

the coal fields meutioned, pp.168-171. 
lUadison, N.C. Bri<'f account of coal near (McGe-

hee, '83, ]1. 76). 
Coalilear (Kerr, '75, p. 145). 
Conglomerate near (Emmons, '52, p.l52). 
Fossil tree-trunks found at (Emmons, '52, p. 

148). 
Section ncar (Emmous, '56, p. 259). 
Sections with dips and stril•es at (Emmons, 

'52, p.151). 
Thickness of sandstone at (Emmons, '57, p. 

22). 
lllaflison, N. J. Dip of sandstone near (II. D. 

Rogers, '40, p.1B3). 
}l:tdisonville, N.J. Dip in shale at (Cook, '82, p. 

30). 
lUagtlalen islands. Mention of Newark rocks in 

(Marcou, '58, pp. 11, 65). 
Possible Trias on (Richardson, '81, p. 8G). 

~IAIUN, D. II. 1871. 
['!'rap rock as a building stone.] 
In an elementary course of civil engineering, 

New York, p. 3. 
Refers to the uses of the trap rock of the 

Palit!ades ofNewJen;ey, and mentionsits 
mineralogical composition (criticized by 
G. P. Merrill, s ee Merrill, '89, p. 435). Re
ft'.rS also to the s~m1lstonc of theN ewark, 
pp. 4-5. 

l\L\HAN [D. H.]. Cited on the mineralogical com
posii.iou of trap rock (G. P. Merrill, '89, p . 
435). 

l1Iaiflenhe:td coal mine, V:L. Account of (Wool
!lridgc, '42, pp. 2-:1). 

Analysis of coal fwm (Clemson , '35. Clifford, 
'87, p. 10. MacfarlaJlB, '77, p. 515. Wil· 
Iiams , '83, p. 82). 

Brief account of (Macfarlane, '77, p. 5:J7). 
Depth of (Taylor, '48, IJ. 49). 
Explosion in (Taylor, '48, p. 49). 
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~l:tideuhea(l cod mine, Va.-Continued. 
Notes on (Taylor, '35, pp. 284, 285). 
Thickness of coal in (Taylor, '35, p. 282). 

~lnkeflelrl township, P:t. Report on the geology 
of (C. E. Hall, '81, pp. 49, 50). 

llalvet·n, Pa. Trap dike 11ear (Lewis, '85, p. 445). 

~Jalvct·n square, N. S. Minerals 11ear (Willimott, 
'8t, p. 2G5L). 

liiitlllllllLls, f"ossil. J3riP.I' accom1t of, in referenr.e to 
age (Emmons, '57b, p. 78). 

Discussion of (Marsh, '87, p. 344). 
:From Egypt, reclescription of (Osborn, '86). 
From North Carolina (Emmons, '57, pp. 93-96). 
New genus of (Osborn, '86a). 
Summary to11cerning (Miller, '79-'81, Yol. 2, l'· 

244). 

~lanakin, Va. Coal mines near(Fontahte, '83, p. 3). 
Fossil plants from (Fontaine, '83). 

Mnnakiu town ferr)·, Va. Bom1clary of Newark 
area near (Heinricl1, '78, p. 231). 

Manassa, Va. Brief account of saudstouc quar
ries at (G. P. Merrill, '89, p. 4G1). 

Quarries of Newark sandsto11e at (Shaler, '84,_ 
p.179). 

Manassa g:t)), Va. Boumlary of Newark near 
(Heinrich, '78, p. 235) . 

lUannta,vny, Pa. Contact metamorphism at (ll'In
villiers, '83, p. 199). 

~Jttnclaester, Conn. Description of fossil hones 
from (Marsh, '89, pp. 331-332). 

Description of trap dikes in 11rimary rocks 
near (Percival, '42, pp. 425-42G). 

lUanc.Jaester, N.J. Boundary of First mountain 
trap near (Cook, '68, p. 181). 

Mang;tnese, atBlomidon, N. S. (Gesner, '36, 11. 217). 
In New Jersey (Cook, '68, p. 224). 
In New J ersey, near Clinton (Cook, 'G5, pp. 

7-8. Cook, '68, p. 711). 
In Nova Scotia (Gilpin, '85, p. 8). 
Ncar Quaco head, N. B. (Gesner, '40, pp.17-18). 

~IILuhelm, Pa. Boundary of tbe Newark near 
(Frazer, '80, pp. 13, 37-38. II. D. Rogers, 
'58, vol. 2, p. 6G8). 

ltlauituck mountain, Coma. Building stones near 
(Percival, '42, p. 439). / 

Description of elevations uear (Percival, '42, 
p. 440). 

Description of trap ridges near (Percival, '42, 
pp. 389-393). 

Sandstone associated with trap near (Percival, 
'42, p. 440). 

Topographic form of trap ri1lge ending in 
(Percival, '42, p. 307). 

MANTELL, GIDEON ALGERNON. 1843. 
[On the footprints in the Connectic11t valley 

sandstone.] 
Iu Am. Jour. Sci., vol. 45, pp. 184-185. 
Contaius general observations regaa·11iug the 

fossils mentioned. 

JUAN'l'ELL, GIDEON ALGERNON. 1846. 
Description of footmarks and other imprints 

on a slab of New Red sandstone, from 
Turners Falls, Mass., U.S., collected by 
Dr. James Deane, of Greeu:field, U.S. 

lUANTEUJ, GIDEON ALGERNON-Continuell. 
In London Geol. Soc., Quart. Jour., vol. 2, p]l. 

38-40; also in Lomlon and Edinburgl1 
Philo. Mag., 1843, vol. 23, 11. 18G. 

Abstract in Neues Jahrbnch, 1844, p. 248. 
Gives a general descri}Jtion of a small slab of 

sandstone bearing raindrop impressions 
and footprints. 

Unt>, geologica], of C:tnada (Selwyu a1lll Dawson, 
'8J, map aecompm1ying). 

And adjace:ut rl'gions, inclnlling parts of the 
United Htatef! (Hall allll Logan , '66). 

Scale 126wilt>s to 1 inch (Logan , '65, map No. 
1). 

Of the coal fields of the United States (Hitch
cock, '74, pl. 11). 

~lap, geological, in Connecticut. Adjacent. enus 
of Saltonstall awl Totoket mountains, 
Conu. (Davi;; and \Yhittle, '89, pl. 2). 

Of Connecticut (Perch·al, '4.2). 
Chauncy peak (D:wis and Whittle, '89, pl. 2). 

Farmington mountain, :md its anterior ridge 
(Davis and Whittle, '89, pl. 3). 

Farmington river gap, at Tariffville (Davis 
and Whittle, '89, pl. 3). 

Hanging bills (W. M. Davis, '89, pl. 4). 

Lamentation a11d Higby mountains, showing 
trap ridges and faults (IV. M. Davis, '89, 
pl. 3). 

Lamentation mountain (IV. M. Davis, '89; 
pl.1). 

Meriden district (W. M. Davis, '89c, p. 434). 
Newark area, with trap outcrops (Davis and 

Whittle, '89, pl. 1). 
Newark areas (W. M. Davis, '88, pl. 52). 
New Haven region (J.D. Dana, '71, pp. 46-47). 
North end of Higby mountain (Davis and 

Whittle, '89, pl. 2). 
North end of Lamentation mountain (Davis 

and Whittle, '89, pl. 3). 
North end of Totoket mountain (Davis and 

'Whittle, '89, pl. 2). 
Notch monntain and east ridge of the Hang

ing hills (Davis and 'Whittle, '89, pl. 2). 
Posterior ridge of Saltonstallmouutain (Davis 

and Whittle, '89, pl. 3). 
Rock falls of Aramamit rh·er (Davis allll 

Whittle, '89, pl. 3). 
Region about Kensington (Percival, '22, map). 
Toket and Pond mountains (\V. M. Davis, '88, 

p. 479). 
Trap dike:; at Wallingford ( W. M. Davis, '83, 

p. 309, pl. 11). 
Trap ridges in Woodbury <'Y- M. Davis, '88, 

p. 473). 
Trap ridges n~ar Sonth Britaiu (W. M. Davis, 

'88, p. 470). 
South end of Lame11Lation mountain (Davis 

all(l ·whittle, '89, vi. 2). 
Trap ridges, after Percival (J.D. Dana, '75, 

pp. 20, 418). 
Trap ridges, main, in the Meriden-New Brit

ain district (W. M. Davi:;, '!;9, pl. 5). 
Trap ridge near Shuttle meadow reservoir (W. 

M. Da:ds, '89, pl. 2). 
Trap ridges of the East Haven region (Hovey, 

'89, pl. 9). 
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Map, geological, of Connecticut valley (E. Hitch
cock, '18. E. Hitchcock, '23, vol. 6, map op. 
p. 80. E. Hitchcock, '35, pl. 15, in atlas. 
.A.. Smith, '32, map op. p. 205). 

.A.fter Percival (J.D. Dana, '\Ha). 
Showing footprint localities. Scale, 3ff miles 

to 1 inch (E. Hitchcock, '58, pl. 2). 
Showing Newark area (W. M. Davis, '89, pl.l) . 
Showihg outline of Newark area (J.D. Dana, 

'75a, p. 499). 
Trap ridges (J.D. Dana, '75, p. 418). 
Trap ridges in, after Percival (J.D. Dana, '47, 

p. 391). 
Trap ridges near New IIaven (J.D. Dana, '91). 
Of Georgia. Reference to trap dikes in 

(T. P. James, '76). 
Of Marylaml (Tyson, 'GO). 
Of Massachusetts (E. Hitchcock, '32, map op. 

p. 1. E. Hitchcock, '35, pl. 1 in atlas. 
E.Hitchcock, '41, frontispiece to vol. 
1. E. Hitchcock, '44c). 

Newark area, after Hitchcock (Walling, 
'78, pl. op. p. 192). 

Lead mines and veins of Hampshire 
county (Nasl1, '27). 

Mount Hol,yoke and Mount Tom (W. M. 
Davis, '83, pp. 305-307, pl. 10). 

Mom1t Toby (Walling, '78, pl. op. p. 192). 
Scale, 10 miles to 1 inch (C. H. Hitchcock, 

'71). 
Showing direction of the strata (E. Hitch

cock, '35, pl. 15 in atlas). 
Showing strikes, dip, axes of elevation, 

etc. (E. Hitchcock, '41, pl. 53). 
Turner's falls (W. M. Davis, '83, pp. 305-

307, pl. 10). 
Of New Brunswick (Bailey, '63. Bailey, Math

ews and Ells, '80, sheets No. 1, NE., 
No.1, SE., No.1, SW., accompanying.) 

Grand Man an island (Bailey, '72, op. p.45). 
Map N·o. 1, S. W. geological survey of Can

ada, Province of New Brunswick 
(Contains map of Granfl Man an island 
amlnoteon the margin) (Bailey, Math
ews and Ells, '80). 

Scale, 25 miles to 1 inch (Dawson, '78, 
map 2cl and 3d eel.). 

Showing the location of . several small 
Newark areas (Matthew, 'G5a). 

St. John county, showing Newark at 
Quaco Hea(l (Matthew, '63, p. 248). 

Of New llampshire (C. H. Hitchcock, '77). 
Of New Jersey (Cook, '65, p. 21. Cook, '68, 

p. 39. · Cook, '68, in pot·tfolio. Cook, 
'79. Cook, '81. Cook, '82. Putnam, 
'8Gb, pp. 14G, 150. H. D. Rogers, '40. 
"Whitfield, '85, at end of volume). 

Arlington trap (Darton, '90, p. 57). 
.A.zoic area, paleozoic formations, etc., of 

New Jersey (Cook, '68, in portfolio). 
Cretaceous formation, etc. (Cook, '68, in 

portfolio). 
Cushetunk and Round mountains (Dar

ton, '90, p. G3). 
Delaware river region (Darton , '90, pl. 6). 
Flemington, showing trap outcrops (Dar

ton, '90, p. G6). 

l\lap, geological, of New Je1·sey-Continued. 
Lake Passaic, showing trap ridges (Cook, 

'80, frontispiece) . 
Newark area in (Davis ancl \Vood, '89, pp . 

396, 407). 
New Germantown trap region (Darton, 

'90, p. 36). 
Intrusive and extrusive trap sheets (Dar

ton, '90, pl. 1). 
New Vernon and Longhill trap riuges 

(Darton, '90, p . 34). 
New Vernon trap sheet and vicinity 

(Darton, '90, pl. 4). 
Northern part, scale, 2 miles to 1 inch 

(Cook and Smock, '74). 
Rocky hill, Ten mile run mountain etc. 

(Darton, '90, p. 60). 
Scale, G miles to 1 inch (Cook, '81, in 

pocket. Cook, '82, in pocket). 
Showh1g outline of trap ridges aml drain

age lines (Nason, '89, pl. op. p. 42). 
Showing portion of New York-Virginia 

area (Cook, '86, map.) 
Showing the relations of the ·watchung 

traps (Darton, '90, p. lG). 
Snake bill trap (Darton, '90, p. 55). 
Trap sheets near Hoboken (Darton, '90, p. 

45). 
In New York (Putnam, '86a). 
Long and Staten islands, with the environs 

of New York (Mather, '43, pl. 1). 

New York city and vicinity (D. S. Mar. 
tin, '88). · 

Rockland county, N. Y. (Darton, '90, p. 
40). 

Trap west of New York (Cred11er, '65, pl. 
13). 

Staten island (Britton, 81, 1)1. 15. Putnam, 
'86a, p. 123). 

Stony point (J. D. Dana, '80-'81, vol. 22, p. 
113). 

Of North .A.merica (Hitchcock and Hitchcock, 
'67, pp. 408-409). 

Of North Carolina (Anonymous, 'G9. Kerr, 
'75. Mitchell, '42. Willis, '86, pls. op. 
pp. 301-302). 

Chatham county (W. R. Johnson, '51, map 
No.3). 

Coal outcrop at Murchison (Chance, '85,p-
48). 

Deep river coal :field (Chance, '85, pl. op. p. 
66. Ernmons,'56,pp.338-342. Wilkes, 
'58.) 

Deep river ancl Dan riYer coal fieldfl (Dad
dow and Bannan, 'GG, p. 404). 

Deep river mining and transportation 
company's ooal mines (W. R. John . 
son, '51, map. No. 4) . 

Newark area (Chance, '85, pl. op. p. 6G). 
Part of (W. R. Johnson, '51, ma1) No.1). 
Showing Newark about \Vadesborough, 

ete. (Mitchel, '29, map op. p. 1). 

Showing outcrop of coal at Evans (Chance, 
'85, ll . 44) . 

Showing outcrop of coal near Farmville 
(Chance, '85, p. 27) . 
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Map, geological, of Nortlt Carolina-Continued. 
Showing outcrop of coal near the Gulf 

(Chance, '85, p. 38). 
Showing ]JOsition of coal-bearing areas 

(Kerr, '79). 
Of Nova Scotia (Dawson, '45. Dawson, '78, 

1st cu. Dawson, '78, map 2d am13d eel. 
Gesner, '36. Jackson and .Alger, '33). 

Minas basin and Cobeqnill bay (Dawson, 
'47, pl. 5). 

Of Pennsylvania {Frazer, 'R2, pl. (3]. Lesley, 
'86, op. p. 656. Lesley anfl d'Invilliers 
'85, frontispiece of volume. Macfar
lane, '77, frontispiece. Putnam, '86c, pl· 
op. p. 179. H. D. Rogers, 58, vol. 2, in 
portfolio). 

Adams county (Lesley aml Frazer, '76). 
Chester county (Frazer, '83, in pocket). 
Comwall iron minel:l ncar Lebanon (Les-

ley and d'Invilliers, '85). 
Cumberland county (Lesley, '80). 
Di~:~tribution of Newark rocks (C. E. Hall, 

'80, pl. O}J. p. 442). 
Franklin county (Sanders, '81). 
Frltzislandmine (d'Invilliers, '83, in atlas). 
Indicating drainage, etc., in Jurassic time 

(W. M. Davis, '89a, p. 233). 
Iron mines ncar Boyertown (d'Invilliers, 

'83, in atlas). 
Iron mines of Cumberland a111l York coun

ties (d'Invilliers, '86, pl. op. p. 1437). 
Iron ore deposits at Cornwall (d'Invilliers, 

86a, p. 874). 
Iron ore mines near Dillsburg (Frazer, 

'76d, pl. 2). 
Lancaster county (Frazer, '80). 
Lehigh and Northampton counties and a 

part of Berks county (d'Invilliers, '83, 
in atlas). 

Mining districts of Chester and Montgom
ery counties (H. D. Rogers, '58, vol. 2, 
op. p. 674). 

Near Pltilaclelpl1ia (C. E. Hall, '81, in 
pocket. C. E .. Hall, '81, p. 21). 

Newark rocks (Lesley, '64, op. p. 476). 
Ore deposits iu York ancl Adams counties 

(Frazer, '76, op. p. 64). 

Pickering creek copper and lead mines 
(Lesley, '83, p. 177). 

Portion of Montgomery ancl Bucks coun
ties (Hall,_ '81, iu }lOCket). 

Trap dike across l:loutheast Pennsylvania 
(Lewis, '85, pl. op. p. 440). 

Trap dike near Flonrtowil, Pa. (C. E. Hall, 
'81, }J. 23). 

York county (Frazer, '80. Frazer, '85, pl. 
op. p. 391). 

York and Adams counties (Frazer, '76, 
op. p. 196. Frazer, '77). 

Of Prince Edward island, scale 25 miles to 1 
inch (Dawson, '78, map, 2d :mel 3d ed . 
Dawson and Harington, '71, frontispiece. 
Ells, '84, accompanying). 

Of South Carolii1a, Cl1esterfield county (Tuo
mey, '48. Lieber, '56, pl. 6). 

~lap, geological, of the United States. 
(Rrewer, '90. C. H. Hitchcock, '74, pl. 12. C. 

H. Hitchcock, '86. Hitchcock and Blake, 
'74. Macfarlane, '79, pl. op. Jl. 2Hi. Mc
Gee, '84. Marcou, '55. Marcon, '58, ft·ont
ispiccc. Marcou, '58, froutispicce. Mar-

• cou, '58, pl. !J. H. D. Rogers, '56, pl. 8). 
Of the United States and the Britiflh provinces 

(Marcon, '53, on map h1 vol. 2. :Marcou, 
'55a). 

Of the Unitecl States, Canada, etc. (Lyell, '45, 
vol. 2, pl. 2. Bradley, '75). 

Of the United States, eastern part of (Cleave
land, '22, frontispiece. Le Co11te, '82, p. 
289. Maclurc, '09). 

Of Virginia (Hotchkiss, '76, op. p. <16. notch
kiss, '80. Rogers, '84). 

Black heath coal mines (Clifford, '87, pl. 
4). 

Deep run coal mine (Clifford, '87, pl. 5). 
Eastern part of, showing distribution of 

Mesozoic rocks (Heinrich, '78, pl. 5). 
Midlothian coal mine (Heinrich, '7G, pl. 3). 
Piedmont. coal fields (Dad dow aud Bannan, 

'66, p. 395). 
The Richmond coal field (Clifford, '87, pl. 

1). 
The western part, of (Benton, '86, Jll. op. 

p. 261). 
{)f the worhl (Prestwich, '86, vol. l, 111. 1). 
Showing Newark area (E. Hitchcock, '56). 
Geological sketch, of the Unitccl States (Fos-

ter, '69, pl. op. p. 273. Lyell, '45, pl. op. p. 
75 in New York edition. Macfarlane, '77, 

pl. op. p, 3. Steel, '74, frontispiece). 

Of coal fields of the United States. Indicates 
the position of the Richmond, Deep ri\·er, 
and Dan river coal fields (Macfarlane, '77, 
pl. op. p. 626) . 

Newark area in the Unit.ed Rtates (Chance, 
'85, pl. op. p. 66). 

Matble llall, Pa. Trap dike near (C. E. Hall, '81, 
1). 75. Lewis, '85, J). 441. II. D. Rogers, 
'58, vol.1, p. 214). 

March's mill, Pa. Dip of couglomerate at (<l'In
villiers, '83, p. 202). 

Strike and dip (d'Invilliers, '83, p. 213). 

~IARCOU, JULES. 1849. 
Note sur le ltonille du conte de Chesterfield, 

pres de Riclnuond (!hat de Virginie). 

In Bull. Soc. Geol. de France, 2d ser., vol. 6, 
1848-1849, pp 572-575. 

Reviews previous determination of tlJe geo
logical position of the Richmo]](l coal field. 
ancl proposes a new conelatiou based 01~ 
additional evidence furnished by fos!'lil 
plants and fi~hes. 

lUARCOU, JULES. 1853. 
A geological map of the United SLates and of 

the British provinces in North America; 
with an explanatory text, geological sec
tions, and plates of the fossils which 
characterize the formations. 
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1\IAR<.:OU, JUl,ES-Contin ued. 
Boston. [v-ol.1], 11p. i- viii, 1-92, pls.1-8; [vol. 

2] , a geological map of the United States, 
etc. 

For refcrcncm; to later cdilious of the geolog
ieal map sec Bulletin No. 7, 1884r of the 
U.S. Geological Snrvey. 

HO\' iC\1'<'11 in .Am .• Tom·. Sci., 2<1 ser., \Ol. 17, 
}lp.1fl9-206; hy Vv. P. Blake, ibid., vol. 22, 
Jlp. 383-388; by H . .Agassiz, ibid., yol. 27, 
pp . 13-1-139. 

Contains a list of synonyms of tl1e Newark 
system aml gives a brief account of the 
formalion. .A few characteristic fossils 
arc figured, pp. 39- 44-, 11ls. 6- 7. 

Rcfen; the Richmoml area to the Trias, aiHl 
tl1e Newark rocks or North Carolina to 
the Now ]{('d sandstone. 

MAR<:OU, JUT,ES. 1855. 
R.esmne explicatif <l'une carte geologique des 

ll:tats -Uni;; ct tlcs provinces auglaises de 
l'.Ameriqnc du Nonl avec nn profil geo
logique all:mt cle la vallee du Mississippi 
aux ei\tes dn Pacifique et nne 11lanr.he de 
fos,;iles. 

In Bull. Soc. Gcol. de Fr::mce, 2tl ser., vol. 12, 
11p. 813-936, pl. 21, allllmap. 

Contail1s a geueral sketch of the characteris-
1-ics, distriLntiou, antl stratigraphical re
lations of the Jura and Trias formations 
in North .America. Discussion oftheage 
or the Newark Aystem. 

1\IAR<.:OU, ,JUT,ES. 1855a. 
Ueber die Geologie Vereiuigten St:1aten uucl 

tlcr englischen provinzen von Nord
amerika. 

In Petermann's Mitth .. vol.l, 1855, pp.149- 159, 
aud map 15. 

Brief account of the exter1t and characteristics 
of the Newark system of North .America. 

1\UitCOU, ,JUI,ES. 1858. 
Geology of North .America, with two reports 

on tl1c Jn·airies of .Arkansas and Texas, 
tl1c Rocky mountains ofNewMexico, and 
1he Sierra NcYada of California. 

Zurich, 4to, )Jp. i - viii, 1- 144, 1-8, 11ls. 1-9, and 
a geological map of tl1e United States. 

Contaius many Riatements concerning the 
geological position of 1hc Newark system. 

1\IARt:OU, .TUl .. F.S. 1859. 
Reply lo the criticisms of James D. Dam1, 

illclutlillg Daua'B two al'lides, with a letter 
of I.oui>l .AI!assiz. 

Jl:uridl, pp. 1- 40. 
A n~Jlly to certain r.rifieisms iu reference to 

Jnlt>s Marcou·:; t•llscrvatious on the ge
olog:yofKorth .Anll·rica. SeYcral reviews 
of },.farCOli's writing,; arc reprinted. 

1875. 
Explication <l'unc Sl!conde ftliiiou de Itt carte 

gt;o!ogiq ne de l:t terre. 
Zurich, 4to, pp. 1-222, pl. 1. 
Cout:Jins a short sketch of general geology, in 

whicl1 brier rel'ercuccs are made to the 
"Tri::Jt;" anll ''Junt" of North .America, 
pp. 43-55; :.md an account of the geology 

1\IARCOU, JULES-Continued. 
of North .America in which brief notices 
are given of the writings of Yarions ge· 
ologists. On the small map at the end of 
tho Yolnme areas are indicated which are 
occn11iecl by the "Trias" and "Dyas" 
combined. 

)JARCOU, JUT, ES. 188S. 
.American geological classification and nomen

clatnre. 
Cambl'idge, Mass., pp. 1-75. 
J:.efers briefly to the rocks of tl1e Newark sys

tem, pp. 31-32, 73. 
1rAR<.:OU, JULES. 1890. 

The Triassic flora of Richmond, Va. 
In .Am. Geol., vol. 5, pp. 160-174. 
.A review of "Contribution to the knowledge 

of tho older Mesozoic flora of Virginia," 
by W. M. :Fontaine; "Surbpreseueedans 
.le gres bigitrre, des Vosges, de l' .Acrosti
chidcs rhombifolius, Fontaine" 11ar Rene 
Zeiller; ''Die Lnuzen-(Lettenkohlens)
Flora in den "older Mesozoic beds of the 
coal field of eastern Virginia,'' by D. Stur; 
and ''Fossil fishes and fossil plants of the 
Triassic rocks of New Jersey all(l the 
Connecticut valley," by J. S. Newberry. 

1\IARCOU, .J. Cited on the age of the Newark 
system (Dewey, '57. Joues, '62, p. 134. 
Lea, '58. Newberry, '88, p. 9. Zciller, '88, 
p. 6!)8). 

Richmond coal field, Virginia (Hull, '81, p. 
460). 

lUARCOU, J. Cited on extent or tho Triassic 
rocks in .America (Archiac, '60, l'P· 633-
638). 

Geological map of North .America (Marcon, 
'59, pp. 26--30). 

Newark flora (Marcou, '90). 
Reproduction of geological map of tl1e world 

by (Prestwich, '86, vol. 1, pl. 1). 
Review of geology of North .America by 

(.Agassiz, '59. J.D. Dana, '59). 
1\Iargaretville, N. S. Copper ltt (How, '69, p. 66. 

·wmimott, '84, p. 20, L.125, 26 L.). 
1\largerum's, S., quarry near Princeton, N.J. De

scription of (Cook, '81, p. 55). 
1\lari:l furnace, Pa. Iron ore near (H. D. Rogers, 

'58, vol. 2, p. 690). 
Trap dikes near (H. D. Rogers, '58, Yol. 2, p. 

690). 
lllariner's h:u·bor, Staten ishuul. Newark out

crop near (Hollick, '89). 
1\lariou, N. J. TraJ, rock at (Ward, '70, p. 150). 

l'llariou, Pa. Boundaries of the Newark h1 (C. E. 
Hall, '81, })p. 83- 84). 

1\Iarlboro, Conn. Description of t1·ap dikes in 
Jlrimary rocks 11ear (Percival, '42, pp. 
423-424). 

l'llarls in North Carolina. (Kerr, '75, p, 187). 

1\IARSJJ, DEXTER. 18-!8. 
[On the discovery of footpriuts in the sand

sto11e of the Connecticut Yalley.] 
lu .Am. Jour. Sci., 2d ser., vol. 6, pp. 272-274). 
Describes the finding of footprints at several 

localities iu the Connecticut yaJley. 
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MARSH, DEXTER. Cited on the discoYery of fos
sil footprints in tl1e Connecticut valley 
(E. Hitchcock, '58, p. 8). 

MARSH, D. Footprint~; discoYcre<l by (Deane, 
'49, 1)}). 212-214. E. HHchcoek, '55a, p.186). 

Reference to specimens of footprints in the 
cabil10t of (E. llitchcoek, '48). 

Referred to in connection with fossil foot
prints (Macfarlane, '79, }). 63). 

MARSH, 0. C. 1S63. 
Catalogtte of mineral localities iu New Bruus

'lick, NoYa Scotia, and Newfoundhuul. 
In Am . .Jour. Sci., 2cl ser., vol. 35, pp. 210- 218. 
Includes many Newark localities. 

MARSH, 0. C. 1867. 
· Contribution:; to the mineralogy of Nova Sco

tia; No.1, Lederite identical with gmcli· 
nite. 

In Am . .Jour. t:ici., 2d ser., vol. 44, p. 362-3U7. 
Localities in the Newark are mentioned. 

MAR~ll, 0. C. 1877. 
The introtluction antl succesf\ion of vertebrate 

life in America. 
In Am. Assoc. Adv. Sd., l'roc., HJl. 2G, 1878, 

pp. 211-258, pl. op. p. 211. 
Contains a general summary of w bat is known 

conccrni11g ~110 rept.ilian life of the New
ark system, pp. 218-220. 

lUARSli, 0. C. 1887a. 
American ,Turassie mammals. 
In .A.m . .Jour. Sci., 3d ser., vol. 33, pp. 327-348, 

pis. 7- 10. 
Hepublished in Geol. 111ag., n. s., vol. 4, deeade 

3, 1887, Jlp. 241 - 2l7, 289-299, 111S. 6-9. 
Classifies all known Tria~; sic and .J nrassic 

mammals for America, and describes sev
eral new genera aud species. 

lllARSH, 0. C. 188l.l. 
Notice of new .A.rnerican Dinotl:.nuia. 
In .A.m . .Jour. Sci., 3d ser., vol. 37, pp. 331-336. 
Contains brief description!:! of Dinosaurian 

remains from t,ho Connecticut yalJey. 
~lARSH, 0. C. Citetl in reference to fossils of tho 

Newark systerr. (Newberry, '88). 
Cited on Mormolucoicles artieulatus (Scudder, 

'68, p. 218). 
Heptilian character of the foot.priuts of tho 

Connecticut valley (Hull, '87, p. 86). 
Hemarks on footprintR collectecl by Winchell, 

'70, p. 186). 
lllarsll, Pa. Boundaries of tl1e Newark in (U. E. 

Hall, '81, pp. 74-75). 

lllarshal corners, N. J. Copper ores uear (Cook, 
'68, p. 679). 

Dip in shale at (Cook, '82, p. 26). 
Dip near (Cook, '68, p. 199). 
Trap hill near (Cook, '68, p. 190). 

lUarshaltou, Pa. Trap dike near (Lewis, '85, _liP· 
4<!5,446). 

lllarsh' s quarry, llloutague, lllass. :Fossil foot
prints at (E. Hitchcock, '58, pp. 49 etseq.). 

MARS'l'ERS, V. F. 18l.l0. 
Triassic traps of No\a Scotia, with notes on 

other intrusives of Pictou :mel Antigonish 
countirs, N. S. 

Ill A.m. Qeol., vol. 5, pp. HO- l4!j, 

lUARSTEllS, V. F.-Continued. 
Describes North mountain and cape Blomi

don, N. S. Suggests that the trap rocks 
there exposed were formetl by a subma
rino eruption. Compares the trap with 
similar rocks in tho Connecticut vaUey, 
and deseribcs its microscopical characters. 
Describes trap tlikes outside of the New· 
ark area in eastern Nova Scotia. 

illarsters mountain, N. S. Character of, aml height 
of (llarsters, '!JO). 

:narthas Vineyard. Newark debris in Tertiary 
rocks of (Shaler, '85tt, p. 21). 

lllat"tials rove, N. S. Description of (Go;;ner, '36, 
pp. 1!J2-]!J4). 

lliARTIN, n. N. 1870. 
[Remarks on the met.aruorpltie origin of the 

trap rock forming the Palisades of the 
Hudson.] 

Iu New York Lye. Nat. Hist., rroc., vol. 1, 
1870-'71, pp. 132-133. 

Describes personal observations on the strati
fication and lithology of the rocks of the 
ralisndes, ''" ll ich tend to support the meta
morphic origin of the trap of that i:irlge 
as suggested by Wnrtz. 

~I AUTIN, D. S. 1870. 
[Celatlonite (?) from the trap rock of Wee

hawkeu, N . .J.] 
In New York Lye. Nat. Hist., Proc., vol. 1, 

1870-'71, pp. 130- 131. 
Ment.ions the discovery of the mineral re

fen·ed to. 

1UARTI~, DANH~L S. 1876. 
On tlw rocks of Ne11· York islaml aml their 

relation to the geology of Ow Middle 
states. 

In Liverpool Geol. Soc., rroc., vol. 3, pp. 118-
120. 

Desc.rilles the belt of gneiss passing through 
New York, Trenton, Philadelp!Jia, etc., 
and shows that it divides the earlier from 
the latter Mesozoic bctls. The opposite 
dips of tile beds on the sides of this axis 
are noted. 

:l1Ait1'IN, D. S. 1883. 
[Remark on the Newark system in Now .Jer

sey.] 
In New York .Aead. Sci., Trans., vol. 2, 1882-

'83, p. 1~0. 
Refers to a potlsible origin of the arkose near 

Hoboken, N . .J., and states that the New
ark rocks of New Jersey and of the Con
necticut valley were probably united at 
the time of their deposition. 

iUARTIN, D. S. 1885. 
[Remm·l's on tho former connecLion of the 

Newark areas of New .Jersey aml of the 
Connecticut valley .] 

In New York .A.cad. Sci., Trans., ·vol. 5, 1885-
'86, pp. 19-20. 

Hefers to tho mineralogical character of the 
"tide-water gneiss" separating the two 
Newark areas referred to, aml expresses 
the opinion t.ltat these areas were ~nited 

l\t ti1o tim3 ot' their clepo~itioq, 
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MARTIN, DANIELS. 1888. 
Geological map of New York city and vicin

ity. 
New York. A wall map accompanied by a 

pamphlet with the same title, pp. 1-14. 
The map includes tltc northern part of the 

New York- Virginia l!rca, antl the pam
phlet accompanying it gives a brief ac
count of its more prominent features. 

llla.rtim; cove, N. 8. Copper at (Gesner, '36, pp. 
192, 193). 

Minerals of (Gesner, '36, pp. 192, 193). 
lllartins <lock, N.J. Analysis of trap from (Cook, 

'68, p. 216). 
Continuation of Palisade trap ridge at (D. S. 

Martin, '88, p. 9). 
Description of the geology near (W·. M. Da

Yi~, '83, pp. 276- 277). 
Detaile(l account of trap outcrop near (Dar-

ton, '90, pp. 65- 66). 
Dip iu sandstone at (Cook, '82, p. 25). 
Dip in shale at (Cool<, '79, p. 30). 
Dip ncar (Cook, '68, p. 196). 
Indurak1l shale ncar (Darton, '90, p. 39). 
Drigin of trap rock near (Darton , '89, p. 138). 
Section of trap an1l sandHtone at (W. M. Da-

viH, '83, p. 30:J, pl. 11). • 
Trap between samlstone near (Cool<, '68, pp. 

20, 202-205). 
Trap dike near (Cook, '82, l'P· 58-G9, aml pl. G). 
Trap roek at (Cool;;, '68, p. 178). 

Martins hc:~d, N. B. (Bailey, Matllews. aml Ells, 
'80). 

Deseri}Jliou of (Geimer, '40, pp. 22-23). 
Lignite at (Di:t.wson, '78, p. 99). 
Lignite of (Bailey, Matltews an<l Ells, '80, p. 

21D). 
Minerals of (Gesner, '40, p. 22). 
Position of (Bailey, Mathews and Ells, '80, 

map No.1 SE., accompanying). 
Rocks of (Bailey, Mathews and Ells, '80, 21D. 

Gesuer, '40, p. 22). 
Trap of (Gesner, '40, p. 22). 

Jlartinsvillc, N. J. BoUll<lary of S~;coml moHn-
tain, trap at (Cook. '68, p. 183). 

11uilcling stone uear (Cook, ' liS, ll- 50H). 
Copper orcs ncar (Cook, 'tiR, p. 678). 
Description of quarries at (Cook, 'Rl, pp. 54-

55). 
Dip in sandstone at (Cook, 'i:!2, p. 2f.!). 
Dip near (Cook, 'GS, p. 198). 
DiYcrse dips near (Nason, '89, 11. 18). 
Exceptional dip 11ear (Nason, '89, p. 18). 
Flagstone ;tt (Cook, '68, p. 521). 
Limestone near (Coo]{, '68, p. 214. Cook, '82, 

p. 42). 
Plant rell'lains in samlstone near (N :u;on, '89, 

pp. 23, 27). 
Quarries at (Cook, '79, p. 20. Cook, '81, pp. 

54-55). 
Sandstone quarries at (Cook, '79, p. 23). 
Sandstone quarries near (Shaler, '84, pp. 143, 

144). 
Thickness of strata at (Cook, '68, p. 201). 
Trap boundary at (Cook, '68, p. 189). 
Vesicular trap near (Darton, '90, p. 28). 

~laryl:m<l. Boundaries of the Newark in (llein· 
rich, '':18, p. 236. W. B. Rogers, '40, pp. 
G3-G4). 

Brief description of the Newark system in 
(Ducatcl, '37. H. D. Rogers, "58, vol. 2, 
pp. 759-765. Tyson, '60, p. 41). 

Brief mention of sandstone and cm1glomerate 
in (Taylor, '35a, p. 320). 

Brief reference to conglomerate in (Ducatel, 
'40) . 

Building stone in (Tyson, '60, appemlix, pp. 
3, 5-6). 

General dips (J'. D. Dana, '75, p. 419). 
Limestone (Potomac marble) in (Slmlcr, '84, p. 

177, pl. 46). 
List of railroacl stations OIL the Jurassic aml 

Triassic formations in (Uhler, '79, pp. 175-
177). 

Quarries of limestone in (S11aler, '84, p. 156). 
Quarries of sandstone in (Shaler, '84, ]_J. 178). 

lllassachusetts. Account of fossil plants from (E. 
Hitchcock, '43b, pp. 295-296). 

Account of the Newark in (A. Smith, '32, ll. 
218). 

Adrlitional facts concerning a fossil from near 
mount Tom (E. Hitchcock, '60). 

Additional facts concerning Otozoum tnoodii 
from (E. Hitchcock, '55b). 

Boundaries of the Newark in (A. Smith, '32 
p]_l. 218-219). 

Brief accouut of fossil footprints in (Lyell, 
'45, YOL 1, pp. 252-255). 

Brief account of geology of HampslJire 
county (Nash, '27, pp. 24G-247). 

Brief account of mounts Torn and Holyoke 
(E. llitchcock, '18, pp. lOG, 108). 

J;rief account of Newark system in (C. H. 
llitchcock, '71. Lyell, '54). 

Brief account of region abont mom1ts Tom 
and Holyoke (E. Hitchcock, '43, p. 187). 

Brief acconut of trap rocl\s in (Porter, '22). 
Brief llcscrip(ion of the trap m1d trap con

glonwmlo of (E. Hitchcock, '4-le, Jlp. 6-8). 
Brief discussion of Newark rocks of, in con

nedion with other localities (W. B. Rog
ers, '5-l). 

l{rief reference to the north ell(l of Newark 
system in (C. H. Hitchcock, '77a, p. 446). 

Brief remarks on fo~sil footprints found at 
Northampton (E. Hltcltcock, '4Gc). 

Character and mode of formation of theN ew
ark rocks of (Jackson, '41). 

Collecting fossil fish at Sunderland (t::lilliman, 
'21a). 

Description antl illustration of Newark fossils 
from (Newberry, '88). 

Description and illustrations of footprints 
from Turners falls (Deane, '56). 

Description of the Deerfield cliko (Emerson, 
'82). 

Description of five new species of fossil foot
prhlts from (E. Hitchcock, '43a). 

Description of footprints from (E. Hitchcock, 
'58). 

Description of footprints found at Turners 
falls (Deane, '45b). 
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Massachusetts-Continued. 
Description of footprints of TarModactyltts ex

panstts from (C. H. Hitchcock, '{i6). 
Description of fossil fishes from (W. C. Red

field, '41). 
Description of fossil footprints from Turnertl 

falls in (Deane, '45. Deane, '47). 
Description of a fossil shell from ncar mount 

Tom (E. Hitchcock,jr., '56). 
Deserirltion of Gigandipus from Turners fallH 

(E. Hitchcock, '56a). 
Description of Mormoltteoides articttllau:; from 

(Scudder, '84). 
Descr.ipt,ion of sections across the COJHJect.i

cutvalley in (E. Hitchcock, '55). 
Description of tracks of a quadruped from 

Turners falls (Deane, '48). 
Description of trap ridges in (E. Hitchcock, 

'35, pp. 408-410). 
Description of trap tuJf on the east side of 

mount Tom (E. Hitchcock, '24, pp. 245-
247). 

Description of two new species of footprint,; 
from South Hadley (E. Hitchcock, '47). 

Detailed account of fossil insect larva from 
(Scudder, '68, pp. 218-220). 

Discussion ancl dcscri1>tion of foot}lrints from
(E. Hitchcock, '36). 

Discussion of the origin of so-called tadpole 
nests from (Shepard, '67). 

Distribution of sandstone and trap in (Perci
val, '42, p. 303). 

Final report on the geology of (E. Hitchcock, 
'41). 

:Fossil footprints from (Mantell, '46). 
General account of the Newark in (E. -Hitch

cock, '32). 
General description of fossil footprints found 

at Turners :falls (Deane, '44. Deane, '50). 
General dips of Newark rocks in (J.D. Dana, 

'75, p. 419). 
Geological map of (E. Hitchcock, '44c). 
Geological map of part of (E. Hitchcock, '18, 

map). 
Geology of the Connecticut valley (E. Hitch

cock, '23). 
Geology of Hampshire com1ty (Emerson, 'HI, 

pp.18-20). 
List of fossil fishes from (De Kay, '42). 
List of railroad stations on the Newark in 

(Macfarlane, '79, pp. 61-64). 
List of specimens from the Newark system ill 

the State cabinet (E. Hitchcock, '59). 
Note ou footprints found in (Silliman a11tl 

Dana, '4.7). 
Note on sandstone beneath trap at mount Hol

yoke (E. Hitchcock, '28, p. 18). 
Observations on the trap ridges of (W. J\L 

Davis, '82). 
OcctuTenco of native copper at ~hately (E. 

Hitchcock, 44b). 
Organic remains from the Newark rocks of 

(E. Hitchcock, '35, p. 234-243). 
Origin of conglomerate in. (Emerson, '91). 
Ori~in of t)ll? trap sh~Btl) of (Rice, '86). 

lU:tss:tcltttsett~-Continued. 

Remarks on fossil fh;h from (Emmons, '57, p. 
142). 

Remarks on fossil fiBhes from (Harlan, '34, p. 
92-94). 

Report on footprints from (Uogers, Vanuxem, 
Taylor, Emmons, and Conrad, '41). 

Report on geology of (E. Hitchcock, '35). 
Study of stratigraphy near mount Toby 

(Walling, '78). 
lU:u;sa.dtusetts sections, across tho Conuecticnt 

valley (E. Hitchcock, '18, map. E. Hitch
cock, '24a. E. IIitchcock, '35, }Jl.17hl ailas. 
E. Hitchcock, '35, pl. 18, in atlas. E. Hitch
cock, '41, pl. 54. E. Ilitchcock, '41, pl. 55. 
E. Hitchcock, '58, pp. 9, 10, pls. 2, 3). 

Catskill mountains to the Atlantic, }Jassing 
through mount Rolyoke (Eaton, '18, pl. op. 
p. 7). 

Deerfieltl mountains. In illustration of 1\Sti
mate of thickness of the Ne~ark system 
(E. Hitchcock, '35, p. 224). 

GreenfieM and Tnruers falls, near (Emmons 
'57, PIL 5, 6). 

Mettawampe (E. Hitchcock, '58, pl. 3). 
Mettawampe through (Walling, '78, pl. op. p. 

192). 
Montague aml Gill, between (E. Hitchcock, 

'41, p. 654). 
Montague and Gill, uetween, figure showing 

(E. Hitchcock, '35, p. 416). 
Mount Toby, across, from east to west (E. 

Hitchcock, '41, pl. 54. Walling, '78,Jll. op. 
p. 192). 

Mount Toby aud Deerfield, to illustrate :m 
estimate of thickness (E. Hitchcock, '35, 
p. 224). 

Mount Tom (E. Hitchcock, '47a, p. 200. E. 
IIitchcock, '58, pl. 3). 

After E. Hitchcock (W. M. Davis, '83, p. 
281, pl. 9). 

Showing junction of trap and sandstone 
(E. Hitchcock, '35, p. 421, E. Hitchcock, 
'41, p. 656). 

Showingtrapandsamlstone (W. M. Davis, 
'83, pp. 305-307, pl. 10). 

Through (Walling, '78, })1. op. p. 192). 
To Wallingford, Conn. (W. M. Davis, '83, 

305-307, pl. 10). 
North Sugar Loaf mountain (Walling, '78, pl. 

op. p. 192). 
Norwottuck, across the Connecticut vnlley 

(E. Hitchcock, '58, pl. 3). 
Norwottock, through (Walling, '78, pl. op. p. 

1!J2). 
Sumlcrland, by E. Hitchcock (Brongniart and 

Silliman, '22). 
Seo also Connecticut valley. 
Turners Falls, across the Connecticut valley 

at (E. Hitchcock, 58, pl. 3). 
Across the Connecticut valley at. After 

E. Hitchcock (W. M. Davis, '83, p. 
280, pl.!J). 

Near, brief reference to (E. Hitchcock, 
- 35, p. 221). 



256 THE NEW ARK SYSTEM. [BULL.85. 

lU1tssaehu setts sections-Continued. 
Showing junction of trap antl sandstone 

(W. M. Davis, '83, pp. 305-307, pl. 10). 
Through (Walling-, '78, pl. op. p. 192). 

West Springfield, showing trap and sa.ndstone 
(W. M. Da.vis, '83, pp. 305-307, pl. 10). 

lilA TilER, W. W. 1834-. 
[New locality for fossil :fish in the Connecticut 

va.lley.] 
In Nenrs Jahrlmch, 183-1, pp. 531-532. 
Describes a new h;cality for fossil fish 20 

milrs from New Ha.-en , Conn., where the 
geologica,l relations arc the same m; at 
Sumlerl:md and )Ui<lcllesex. 

liiA'l'liER, W. W. 1838. 
Report of W. \Y . . Mather, g-colog·ist of tlJe first 

geological district of the state of N[ew) 
Y[ork]. 

In second ammalreport of the geolo~ieal Hllr

vey of New York. 
A.Jimny, pp. 121-183. 
Contains a brief reference to tho trap rod•s 

near Tompkinsville, Staten isbml, N.Y., 
p. 140. 

liiATHlm, W. W. 1839. 
Third annual report of W. W. Mather, geolo

gist of the first geological district of the 
stai e of New York. 

Iu thinl annual report of the geolog-ical s ur
vey of New York. 

Albany, pp. 69- 134. 
Conbins an account of the sandstone allll 

associated trap ofRichmoml and Tioeklantl 
counties, N. Y .• I)p. 1Hl-117, 122- 127, 132. 

liiA'l'IIER, WILLIAlil W. 184:3. 
Natural History of New York, Part IV. Geol

ogy, Part 1. Containing the gt·ology of 
the first geological district. 

Albany, 4to, pp. i-xxxvii, 1-655, pb. 1--46. 

Page. 
Succession of rock1:1 in the first diH-

trict .... -- ---------.-- ........... . 
Trap rocks of Richmond and Rock-

lantl conn ties __ . _. _. _. _____ . . . 278-283 

Extent of tlJe trap rocks of Rich-
mon<l an<l Rocklaml co11nties. 278-282 

Origin of trap rocks of Richmoncl 
and Rocklaml conn ties ____ .. _ 278-282 

Sanclst.one eonglomorate and shales of 
Richmond and Rockland coun-
ties ........ -.. - ......... -_ _ _ _ 285-294 

Red and gray conglomerate ... _. __ 286-287 
Red sandstone or freestone. __ .___ 287 

RedmarL .... ----·· ····-· __ . ----· 288 
Compact gray limestone ..... ____ . 288 
Red comglomerate limestoue. __ .. 288-289 
Considemtions on the origin of 

this formation .. ______ . _ . . . . . . 289-2!!3 

Condition under which the rocks 
were dcposite<L .......... ____ 289-293 

Geological age of the Reel saml-
stone ....... _. _ .. _. ___ .. __ . ___ 293-294 

Table of dips and strikes in Rockland 
county ....... ______ ... -. _ ...... __ 616-617 

:fable of joints and veins (Richmoml 
county) . - .....•.•.••. , •• , ..... , 625 

lliATHER, WILLIAlll W.-Continued. Page. 
Summary in reference to the age of 

the rocks of Richmond aml Rock-

laud counties.·-·········--·------ 627 
lliA'fHER, WILLIAJU W. 18io. 

On the physical geology of tho 1Tuitc<l Stat<•s 
east of the Rocky mountaim; and on some 
of tho causes aftecting the sNlimentary 
formations of the earth. 

In Am. Jour. Sci., vol. 49, JJp. 1- 20, 284-301. 
Brief statement of hypothesis couccnwng the 

modo of formation of the Newark Raml
l:ltonc along the H11dson rivrr, 11· 14. 

;tlATHER, W. W. Citefl on t.lJC age of the New-
ark s,ystem (H. D. Rogers, '4-4, p. 250. 

Cited on the cause of the tilting of tho New
ark (W. M. DaYis, '83, p. 303). 

Citctl on the conglomerate of Rocldan<l ('Otmty, 
N.Y. (Lea, '53, p. 190). 

Citetl on the mode of formation of tho New
ark system (Lea, '53, pp. 191- 192). 

Cited on thEI Newark rocks on Staten islaml 
(Hollick, '89). 

Cited on trap dikes under tho Palisa<lPs, N. 
Y. (W. M. Davis, '83, p. 2!!2). 

Not.ice of work by (Miller, '79-'8 1, yoJ. 2, p. 

148). 
liiA'f'fHEW, G. F. 181i3. 

Observations on tlw geology of St.. John 
county, New Brnnswick. 

In Canadian Nat., vol. 8, ])p. 241-259. 
Contains a small map showing Newark ro!'kS 

at Qnaco lleacl, p. 248. 
Notices ln·iofly tlJe unconformity of the New

ark near Gardner's creek with ihe llp

turnefl Cnrboniferons rocks ben(latb, pp. 
256, 258. Appended is a 11oto by J. W. 
Dawson on fossil pla.nts. 

liiA'l'THEW, GEO. }'. 1866. 
[Report on tl1e) New Red saml:-toue or Trias 

[of New Brunswick]. 
In observations on the geology of southern 

New Brunswick, ma<lo principally during 
t.be summer of 1864 by Prof. L. W. Bailey, 
Messrs. Geo. F. Matthew, and C. F. HnrU., 
prepared and arranged, with a, geological 
map, by L. W. Bailey, pp. 123-125, 129, 
:mel map. 

Some errors in reference to the age of certain 
rocks made by Abraham Gesner, in re
ports on the geological suney of New 
Brunswick, from 1839- 1841, are pointeLl 
out. The localities of Newark rocl's aro 
described in detail, together with tlo
script.ions of lithological character~, tlip, 
trap intrusions, etc., pp. 123- 125. Ou p. 
129 is a table giYing a "dassif'teat.iuu of 

the sediments of southern New llrHllS· 

wi~ on physical gronmls." 
~IATTIJE'\, G. F. 186oa. 

On the Azoic and Paleozoic rocks of south
ern New Bruuswick. 

In London, Geol. Soc., Quart. Jour., vol. 21, 
pp. 422--433, and map. 

The map accompanying this paper shows the 
loca.tion of se7eral Newark areas along th~ 
southeast shore of N" ew :j3runswic](, 
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Report ou the slate formation of the northern 
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wick, with a summary of geological obser
vations in the southeastern part of the 
same county. 

In geological Slin-ey of Camttla. ltt·port, of 
progress for 1876-'77. 

Montreal, 1878, pp. 321-350. 
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lation of the Upper Silurian aml Newark 
rocks of Grand 1\fan:m island, N. B. 

MATTHEW, G. F. 1880. 
Report on the geology of southern New 

Brunswick, embracing the counties of 
Charlotte, Sunbury, Queens, Kings, St. 
.John, and Albert. 

See Bailey, Matihew, aml Ells, 1880. 

MATTHEW, S. F. Cited on overflow trap sheets 
on Grand Manan island (W. :;vr. Davi,;, '8.l, 
p. 297). 

Cited on trap dikes on Grand Manan islaud, 
N. B. (W. M. Davis, '83, p. 291). 
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(Miller, '79-'81, vol. ~. p. 156). 
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MEADE, WILMA!U. 1827. 
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America. 
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Refers to the supposed absence of coal in the 
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Mentis bnsin, N. J. Course of t-rap ridge near 
(Cook, '82, pp. 54-55). 

Description of trap bill near (Cook, '68, pp. 
185, 186). 

Meclutnic copper mine, N.J. Description of (H. 
D. Rogers, '40, pp. 163-164). 

Mechanics grove, Pa. Description of trap dike 
near (Frazer, '80, }). 30). 

Mechnnicsville, Pa. Description of trap dikes 
near (C. E. Han, '81, pp. 19-20, 8J). 

Dolerite from (C. E. Hall, '78, p. 45). 
Reference to trap dikes ncar (C. E. Hall, '81, 

p. 84. Lewis, '85, pp. 439-441). 
Section frolll near, to ncar mount Holly (Fra

zer, '77, pp. 274-277, pl. op. p. 274). 
Trap dikes near (C. E. Hall, '81, p. 19-20. 

Lewis, '85, p. 443). 
Medford, Mass. Character of trap rock quarried 

at (G. P. Merrill, '84, p. 2J). 
Melick hill, N. J. Dllscription of (Cook, '82, }J. 

65). 
Melaphyre trap in New Jersey. l~rief account of 

(Credner, '70). 
Mentlham, N.J. Boundary of tho Newark near 

(H. D. Rogers, '40, p. 118). 
Merhlen, Conn. Ash bod ncar, 110pular account 

of (W. M. Davis, '91). 
Brief account of trap near (E. Hitchcock, '23, 

vol. 6, p. 49). 
Chemical COlllpositions of kap rock from near 

(Hawes, '75). 
City quarry of, view of (Davis and Whittle, 

'89, pl. 5). 

Bull. 85-17 

Jlleritlen, Conu.-Continued. 
Description of an ash !Jed near (W. M. Davis, 

'89b). 
Description of geology near (W. M. Davis, 

'83, pp. 265-266). 
Description of quarry near (Davis and \Vhit

tle, '8!), pp. 112-113). 
Description of trap ridgeB near (Percival, '42, 

p. 371). 
Diagram showing geological structure near 

(W. M. DaYis, '89, pl. 2). 
Discussion of the origin of topographic fea· 

ttn·es near (W. M. Davis, '89c). 
Excmsion to the Hanging hills of (.J. D. 

Dana, '70). 
Extrusive character of the Hanging bills near 

(W. M. Davis, '82a, pp. 122-123) . 
:Faults near (W. M. Davis, '89b, p. 29). 
Filling of fissures in trap (W. M. Davis, '90). 
MarJ of trap ridges and faults near (W. M. 

Davis, 89c, p. 424). 
Mines ncar (C. H. S. Davis, '70). 
Not-ice of <t bed of volcanic ash near (Chapin, 

'89). 
Overflow trap sheetB near (W. M. Davi~:~, '88 

p. 464). 
Reference to exposure in quany near (Davis 

and Whittle, '89, p. 121). 
Reference to the origin of the trap sheets near 

(Nason, '89a, p. 66). 
Scenery near (Chapin, '87). 
Section in (W. M. Davi~:~, '83, pp. 305-307, pl. 

10). 
Section in quarry near (W. M. Davis, '89, pl. 

5). 
Sketch map of Hanging bills in (W. M. Davis, 

'83, pp. 305-307, pl. 10). 
Sketch of the geology of (C. H. S. Davis, '70). 
Special account of quarries at (Davis and 

Whittle, '89, pp. 127-133). 
Topographic form of_ trap ridge near (Pcrci· 

>al, '42, p. 304). 
Trap ridges near (Davis and Whittle, '89, pp. 

107-110. Percival, '42, pp. 318, 349, 364). 
llleriden, New Britain district, Conn. Map of, 

with cross·section and distant Yicw (W. 
M. Davis, '89, pl. 5). 

llleritli:m Hill, Conn. Amygdaloid at (K S. Dana, 
'75). 

llleriwethcr, Ga. Brief account of h.·ap dikes in 
(Henderson, '85, p. 88). 

Meriwether county, Gn. Trap dikes in (T. P. 
.James, '76, p. 38 and map. Loughridge, 
'84, p. 279). 

lliERRICK [S. V.]. 1851. 
[Remarks on recent aml fossil rail,1drop iru

pressions.l 
In Am. Assoc. Adv. Sci., Proc., vol. 5, pp. 

74-75. 
Compares recent raindrop impressions with 

fossil impressions which are believed to 
have had a similar origin. 

:mmRILL, J<'UEDEBICK J. H. 1890. 
Some ancient shore lines and their history. 
Abstract inN ew York A cad. Sci., Trans., vol, 

9, Pr· 78-82, 
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MERRILL, FREDERICK J. H.-Continued. 
Discusses the origin of the structure of the 

Newark rocks of New Jersey. 

MEURILL, G. P. 1884. 
Microscopical structure [of buildiJJg stone]. 
In report on the building stones of the United 

States, and statistics of the quarry indus
try for 1880. In 'l'<inth Census of the 
United States, ,:ol. 10 [part 2], 11p. 15-29, 
pls. 1-18. 

Describes the microscopic characteristics of 
tbe trap rock and sandstone of the New
ark system, pp. 24, 26, pls. 8, 13. 

MEURILJ,, GEORGE P. 1889. 
The collection of building and ornamental 

stones in the U.S. National Museum: a 
handbook and catalogue. 

In Smithsonian Inst . .Ann. Rep. for 1885-'86, 
pp. 277-648, pl. 1-9. 

Describes tbe microscopical character of sand
stone and trap, pp. 403-404, pl. 9, and g-ives 
brief accounts of the trap and sandstone 
quarries, pp. 433-436, 445-460, pl. 9; cata
logue of samples of sandstone trap in U. 
S. National Museum. 

Merteusides. Descri11tion of genus (Fontaine, 
'83, p. 35). 

Metamorpl1ism. .Absence of, in connection with 
the trap dikes of the Richmond coal field, 
Virginia (Stevens, '73). 

In Newark rocks of New Brunswick (Mat. 
thew, '65, p. 129). 

.Adjacent to the trap rocks of New Jersey 
(Cook, '87). 

Below trap sheet in the Richmond area (W. 
B. Rogers, '54b). 

Contact. .A.s a means of distinguishing be
tween extrusive an<l intrusive trap sheets 
(Davis and Whittle, '89, pp.100- 104). 

Discussed (E. Hitchcock, '35, pp. 433-434. H. 
D. Rogers, '36, pp. 162, 165-166). 

Contact, in Connecticut (Davis aml Wl1ittle, 
'89. Hovey, '89, pp. 369-375. Perch·al, 
'42, pp. 436-438, 441). 
.A. bout N cw HaYen described (J. D. Dana, 

'7l,pp. 46-47). 
.At Enfield. .A. reference to coal altered 

by trap (E. Hitchcock, '41, pp. 13!l-
140). 

.A.t Gaylonls mount. Description of (W. 
M. Davis, '89b, p. 25). 

.A.t Rocky hill (Sihiman, '30, p. 123-130). 
In Connecticut valley (Emerson, '87, pp. 

19-20. E. Hitchcock, '41, pp. 657-659) 
In connect.iou with trap dikes in the Pri: 

mary rocks of (Percival, '42, p. 317). 
In connection with the trap rocks, detailed 

description aud discussion of (W. M. 
Davis, '83). 

In connection with trap rocks, various an-· 
thors cited (W. M. Davis, '83, pp. 300-
302). 

In southern part of, description and dis
cussion of (Hovey, '89, pp. 373, 374, 
378). 

lUetamorpltism, contact, in Vonnecticut-Cont'd. 
Mention of Meriden areas (0. H. S. Davis, 

'70). 
Near the trap rocks of (Jackson, '45). 
Observations on, in connection with the 

trap sheets of (Davis and Whittle, '89). 
In Massachusetts, an account of (E. Hitchcock, 

'35, pp. 421-425). 
At t.ho Simsbury copper mines (E. Hitch

cock, '35, p. 229). 
h1 llrecciated conglomerate near Turners 

Falls (E. Hitchcock. '35, p. 216). 
Iu New Jersey (Cook, '68, pp. 212-214, 679. 

Cook, '74, pp. 56-57). Cook, '82, pp. 60, 
61, 62. Cook, '83, pp. 23-24. Cook, '83, pp. 
23-26, 164- 165, and plate). 

.Adjacent to trap sheets (Darton, '90). 

.At :Belle mountain (H. D. Rogers, '40, pp. 
151-152). 

.At Blackwell's mills (Cook, '68, p. 204). 

.At Goat hill (Rogers, '3u, p. 156). 

.A.t Kings point (Darton, '83a). 

.A.t Paterson (J. H. Hunt, '90). 

.At Paterson beneath trap (H. D. Rogers, '36, 
pp. 160-161. 

.A.t Point Pleasant (Cook, '68, p.192). 
At Rocky bill (J.D. Dana, '43, ]lp. 113-114). 
.At Round mountain (Cook, '68, p. 194) . 
.A.t Sourland mountain (Cook, '68, p. 191. H. 

D. Rogers, '40, pp. 152- 158). 
.A.t Smith's l1ill (H. D. Rogers, '40, pp. 151-152). 
.At Summerville, in Bridgewater copper mine 

(H. D. Rogers, '40, pp. 147-148). 
.At Wilburtba, mention of (Nason, '89, p. 32) • 
Discussion of (H. D. Rogers, '40, pp. 156-158). 
In connection with copper mines of (H. D. 

Rogers, '40, pp. 158-165). 
In connection with the trap rocks of (H. D. 

Rogers, '40, pp.145-158). 
In shales and sandstones beneath the trap of 

the Palisades (Russell, '80, pp. 35-45). 
Mention of (Cook, '7t, pp. 55-56). 
Near ~Jptistown (II. D. Rogers, '40, p. 131). 
Near Chatham (H. D. Rogers, '40, p.l33). 
Near Flemington, Clinton, etc. (H. D. Rogers, 

'40, pp. 123-124). 
Near Fort Lee (Cook, '68, p. 208) . 
Near Lambertsville (H. D. Rogers, '36, 11p. 

161-162). 
Near New Vernon (H. D. Rogers, '40, p. 133) . 
Near Plainfield, mention of (Russell, '80, p. 

41) . 

Near Princeton (H. D. Rogers, '40, pp. 151-
152). 

Near Rocky hill (H. D. Rogers, '40, pp. 149, 
151). 

In New York, beneath the Palisades (Mather, 
'43, p. 285). 

In Rockland county (Mather, '43, pp. 288-289). 
Near Closter (Darton, '90, p. 51). 

In North Carolina, brief reference to (Tuomey, 
'46, pp. 48, 68). 

In the Deep river coal field (Wilkes, '58, p. 7). 
In Nova Scotia (Chapman, '78, p. 112. Jack

son and .Alger, '33, pp. 266-267, 278, 280, 
286). 
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llletamorphism,contact,ini'llas~achusetts-Cont'tl. 

Absence of (Dawson, '47, p. 58). 
At Blomidon (Ells, '85, p. 7E. Jackson and 

Alger, '33, p. 257). 
At Sandy cove (Gesner, '36, pp.l81-182). 
At Swans creek (Gesner, '36, p. 254). 
Near Two islands (Gesner, '36, p. 254). 
Observations on (EmmonR, '36, p. 336). 

In Pennsylvania (H. D. Rogers, '29, p. 22). 
At Fairfield (H. D. Rogers, '58, vol. 2, p. 684). 
At New Hope (H. D. Rogers, '48). 
At New ·Hope, brief account of (H. D. Rogers, 

'36, p. 162). 
At Point Pleasant, brief account, of (Lewif', 

'85, p. 452). 
Detailed account of (H. D. Rogers, '58, vol. 2, 

pp. 684-G92). 
In Adams county (H. D. Rogers, '58, vol. 2, p. 

691). 
In Berks county (d'Invilliers, '83, pp. 199-200, 

203-204). 
Iu Chester and Montgomery counties (H. D. 

Rogers, '58, vol. 2, pp. 676-679). 
Near Fairfield (H. D. Rogers, '58, vol. 2, p. 691). 
Near Gettysburg (H. D. Rogers. '58, vol. 2, p. 

692). 
Near Greshville (d'Invilliers, '83, Jl. 211). 
Near Harleysville, brief descri}ltion of (Lewis, 

'82). 
Near Littlestown (H. D. n .ogers, '58, vol. 2, p. 

680). 
Near New Hope (H. D. Rog-ers, '58, vol. 2, pp. 

673, 674). 
Near St. Mary's (H. D. Rog-ers, '58, vol. 2, p. 

708). 
Near York Haven (H. D. ltogens, '58, Yo!. 2, 

pp. 677, 678). 
In South Carolina, brief account of (Tuomey, 

'48, pp. 68, 103-104, 113). 
In Virginia, at Clover hill, mention of (De La 

Beche, '48, Jl.lxvi). 
Detailed account of (W. B. Rogers, '39, Jlp. 

82-83. W. B. Rogers, '40, pp. 64-69). 
In Prince William county (W. B. ltogers, '55c). 
In Richmond coal .field (Lyell, '47, pJl. 270-

274. W. B. Rogers, '54a). 
Remarks on the occurrence of natural coke in 

(Heinrich, '75). 
Of coal near trap dikes in the Richmond coal 

field (Clifford, '87, pp, 11, 13-14). 
On Prince EO.ward island (Dawson an1l Har

rington, '71, p. 22). 
Reference to (Russell, '78). 
Sandstone changecl t{) syenite (Frazer, '76b). 

In Connecticut, at junction of trap and sand· 
stone (Chapin, '35). 

By trap, observations of Lyell (De La Beche, 
'48, p. lxvi). 

Detailed description of (Percival, '42, pp. 319-
321). 

Of Connecticut valley sandstone (J. D. Dana, . 
'73, vol. 5, p. 4a1). 

Of rocks forming the Palisades of the Hndf!on 
(Wurtz, '70). 

Of shales and sandstones in New Jersey (Cook, 
'82, I>P· 33, 37). 

Metamorphism, contact-Continued. 
Of the trap rock of the Palisades, N.J. (B. N. 

Martin, '70). 

Mettawampe, Mass. Section across (E. Hitchcock, 
'58, ])}). 9, 10, pl. 3). 

Section across Connecticut valley at (E. Hitch 
cock, '58, pl. 3). 

Section through (W allinp;, '78, pl. op. p. 192). 
Study of stratigraphy near (Walling, '78). 

Meyerville, N. J. Trap ridge near (Cook, '82, p. 
56). 

Microscopical ex;tmination of sandstone from 
Connecticut Tltlley (Hawes, '78). 

MidtUebrook, N. J. Brief account of sandstone 
;md trap at (H. D. Rogers, '40, p. 127). 

Dip in shale along (Cook, '82, p. 25). 
Dip ncar (Cook, '68, p. 196. Cook, '68, p.198). 
Strata exposed near (H. D. Rogers, '40, p.l28). 

Jtliddle creek, Pa. Boundary of theN ewark along 
(H. D. RogerR, '58, vol. 2, p. 668). 

lUhhllellehl, Conn. Bituminous shale near (Perci
val, '42, p. 446). 

Brief account of trap at (Shepard, '32). 
Description of fossil-fish locality at (Anony

mous, '38). 
Description of fossil fishes from (W. C. Red

field, '41). 
Description of trap ridges near (Davis and 

Whittle, '89, p. 114. Percival, '42, pp. 355-
361). 

4111 

List of fossil fishllS from (De Kay, 42). 
Mention of Gatopterws g·racilis from (J. D. 

Dana, '75, p. 417). 
Milldle Haddam, Conn. Description of trap dikes 

in Primary rocks ncar (Percival, '42, pp. 
423, 424). 

Trap ridges near (Percival, '42, pp. 361, 449). 
Middlesex, Conn. Relation of trap aml sandstone 

near (Welpley, '45, pp. 62, 63). 
Mhldletown, Conn. Bitnmiuous shale, with fossil 

fishes, at (E. Hitchcock, '41, I>· 443). 
Brief account of fossil fishes from (E. Hitch· 

cock, '37, p. 267). 
Brief account of sandstone near (E. Hitch

eock, '35, pp. 220-221). 
ll~ief reference to finding of fossil footprints 

at (Anonymous, '38a). 
Brief reference to footprints, fossil bones, and 

fossil plants found at (Silliman, '37). 
Briefremarks on shrinkagecracksat(J.John 

SOil, '43). 
Descriptions aml figures of fossil fishes from 

(Newberry, '88). 
Description of fossil-fish locality at (Anony· 

mous, '38). 
Description of fossil footprints from (E. Hitch

cock, 41, ])p. 477,478, pls. 30-48; pp. 478-
501. E. Hitchcock, '58) . 

Description of scenery near (E. Hitcllcock, 
'23, vol. 7, p. 4). 

Description of trap ridges near (Percival, '42, 
pp. 356-360). 

Early discoYery of fos~'<il footprints at (E. 
Hitchcock, '36, p. 309). 

First discovery of fossil footprints at (Bar· 
ratt, '37). 



I. 

260 THE NEW ARK SYSTEM. [BULL, 85. 

Mhhlletown, Conn.-Continned. 
:E'os::~il fishes fouml near (Brougniart antl Silli

man, '22. E. Rit.chcock, '35, Jll. 14 in 
atlas, p. 238). 

Fossil foot-prints from (E. Hitchcock, '58, pp. 
50 et seq.). 

Fossil plants from (E. Hitchcock, '41, p. 45:l). 
List of fossil fishes from (De Kay, '42). 
Localities of fossil footprints in (E. Hitch-

cock, '41, p. 467). 
Locality for fossil footrJrints (E. Hitchcock, 

'48, p.132). 
Mention of the finding of fossil fish at (Perci

val, '42, p. 442). 
Mention of ihe discovery of footrJrints at 

(W. C. Redfield, '38). 
Overflow trap sheets near (W. ~f. Davis, 'H8, 

p.465). 
Reference to a localit.y for fossil fish (J. H. 

Redfield, '36). 
Reference to fetid limestone in (E. Hitchcock, 

'41, p. 444). 
Reference to limestone in (E. Hit-chcock, '35, 

p. 218). 
Remarks on fossil fishes from (Harlan, '34, Pll. 

92-94). 
Remarks on fossil footprints at (Barratt, '45). 
Report of tbe finding of coal at (E. Hitch

cock, '23, vol. 6, Jl. 63). 
Sandstone hms near (Percival, '42, pJl. 448-

449). 
See Wl1it.estown. 

Middletown, Pa. Boundary of the Newark area 
of Pennsylvania near (Lea, '58, p. 92). 

Boundary of the Newark near (C. E. Hall, '81, 
p. 53. H. D. Rogers, '58. vol. 2, p. 669). 

Description of the Conewago hills near (Gib
son, '20). 

Middletown mountain, Conn. Description of 
(Percival, '42, p. 351). 

Detailed study of the geological structure 
near (W. M. Davis, '89). 

:Fault near (W. M. Davis, '88, p. 474). 
Trap ridges near (PcrciYal, '42, p. 348). 

Mi(ldletmvn Rtation, N. S. Iron ore nea~ (Rar
ringtou, '74, p. 207). 

Mid1Hetown township, Pa. Report ou the geology 
of (C. E. Hall, '81, p. 53). 

Midhtml, N.J. Course of trap ridge near (Nason, 
'89, p. 34). 

Midlot1tian, Va. An account of coal mining at 
(Daddow and Bannau , '66, p. 398). 

.Analysis of coal from (Clifl"ord, '87, p. 10. W. 
R. Johnson, '51, p.12. Silliman and Hub
bard, '42). 

Analysis of natural coke from near (Clarke, 
'87, p.146. Raymond, '83). 

Boundary of Newark area near (Rt'iurich, '78, 
p. 230). 

Character and efficiency of coals from (IV. R. 
Johnson, '50, pp. 133, 134, and table, op. p. 
134). 

Coal mines at (Lyell, '47, p. 266). 
Condition of coal mines at (Clifford, '87, pp. 2, 

16). 
Depth of coal mine at (Marcou, '49, p. 573). 

Jlilllothinn, V:t.-Cont.iuued. 
Exploration with diamond drill at (Heinrich, 

'74). 
Diamond drill explorations at (Hejnricb, '75a). 
l;;olatecl coal basin;; near (Heinrich, '78, p. 232). 
Natural coke at (Clifford, '87, pp. 11, 13-14). 
New shaft at, depth of (W. B. Rogers, '43b, 

pp. 535-537). 
Observations on the geology near (Clifford, 

'88). 
l'lau of coal-bearing rocks at (Clifford, '87, 

pl.3). 
Reference to faults at (Fontaine, '79, p. 36). 
Section of coal-bearing rocks at (Clifford, '87, 

l'· 23, pl. 3). 
Section of coal seams at, after Heinrich 

(Chance, 85, }l. 22). 
Stlction of natural-coke seams near (Raymond, 

'83). 
Test of coal from (Emmons, '56, p. 249). 
Trial of the coal of, for beating purposes (W. 

R. J obnson, '44, pp. 420- 448). 

l\li1llothian coal mine, Va.. Analysis of coal from 
(Williams, '83, p. 82). 

Brief account of (Daddow and Bannan, '66,p. 
401. Macfarlane, '77, p. 507). 

Depth of (Taylor, '48, p. 50). 
Depth of shaft at (Lyell, '47, p. 264). 
Description of (W. B. Rogers, '36, pp. 54-60. 

Woodridge, '42, pp. G-8. H einrich, '73). 
Detailed section in (Heinrich, '78, }lp. 256-260, 

Ill. 6). 
In1876 (Heinrich, '76a). 
Map and section of (Heinrich, '76, pl. 3). 
Notes on (Taylor, '35, pp. 284, 28G). 
Recent mining at (Hotchkiss, '83a). 
~cction at (Lyell, '47. p. 265). 
Thiclme~s of coal in (Taylor, '35, p. 282). 

!\lilburn, N •• J. Boundary of:Fir;;t motmtnin trap 
ncar (Cook, '68, pp. 1811, 181. Cook, '68, p. 
182). 

Boundary of Secollll 111ountaiu tr<~p at, (Cook, 
'68, p. 183). 

Course of trap ritlge ncar (Cook, '82. p. 49). 
Gap in First mountain at (Cook, '82, p. 50). 
Thickness of 1rap sl1eet u ear (Darton, "90, p. 

20). 

Jtlilfonl, Conn. Description of trap dil<cs in Pri
mary roeks 11f'ar (PereiYal, '42, pp. 413, 414). 

Milfonl, X. J. .A ualy.;is flf tlagstoue from (Cook, 
'68, p. 516). 

Ikariug- of joints at (Cook, '68, p. 201). 

Brief description of fossil footprints found 
near (Eyerman, '86). 

Conglomerate near (Cook, '68, p. 209. Cook, 
'82, pp. 21-22. Cook. '82, p. 39. Nason , '89, 
p.l!i). 

Descriptiom; and figures of fossil plants from 
(Newberry, '88). 

Description of conglomerate at (Nason, '89a, 
p. 67). 

Description of fossil fucoi!l from (Lewis, 'SOb). 
Descriptiou of snn<lstoite and conglomerate 

near (H. D. Rogers, '40, p.124) . 
Descriptim1 of variegated c011glomerate near 

(H. D. Rogers, '36, p.147). 
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Milford, N. J.-Continued. 

Detailed description of calcareous conglom
erate near (H. D. Rogers, '40, pp.140-141). 

Detailed description of sandstone and shale 
near (H. D. Rogers, '36, pp.151-152). 

Dip in conglomerate at (Cook, '68, p. 209). 
Dip in flagstone at (Cook, '68, p. 521). 
Dip in sandstone, shale and conglomerate at 

(Cook, '82, p. 27). 
Dip in shale near (Cook, '82, p. 27). 
Dip near (Cook, '68, p. 198). 
Dip of red shale and flagstone near (Cook, '79, 

P• 29). 

Dip of variegated conglomerate near (H. D. 
Rogers, '36, p. 147). 

Faults near (Cook, '79, p. 33. Cook, '82, p. lfl). 

·Flagstone at (Cook, '68, p. 521). 
Flags ton'" qnarries near (Cook, '79,p. 20. Cook, 

'79, p. 25. Cook, '81, p. 64. Shaler, '84, p. 
1-14). 

Flagstone quarry near, description of (Cook 
'81, p. 64). 

Footprints at (Cook, '79, p. 28). 
Footprints on flagstone near (Nason, '89, 11. 28). 
Joints at (Cook, '68, p. 521). 
List of fossil footprints and plants from, see 

(Eyerman, '89). 
List of fossil footprints from (C. H. Hitchcock, 

'88, pp. 122, 123). 
Mention of fossilJ)laiJts found at (Newberry, 

'88, p. 12). 
Mention of the occurrence of ripple-marks, 

sun cracks, raindrop impressions and foot
prints at (Russell, '78, p. 225). 

Plant remains in flagstone near (Nason, '89, p. 
27). 

Red shales near (Nason, '89, l'· 22). 
Reference to, a footp1int locality (C. H. Hitch

cock, '88, p. 122). 
Reference to fossil foot11rints ft•om (C. H. 

Hitchcock, '89). 
Thickness of strata at (Cook, '68, p. 201). 
Unconformity of variegated conglomerate ancl 

older rocks near (H. D. Rogers, '36, p.147). 
Vegetable impressions at (Cook, '79, p. 27). 

Milford, Pa. Mention of reptilian remains from 
theN ewark rocks near (Dewey, '57). 

Milford to Trenton, N.J. Section fi·om (Cook, 
'79, Jl. 28). 

Milton, N •• J. Synclinal axis near (H. D. Rogers, 
'40, p. 128). 

Milton grove, Pa. Boundary of the Newark near 
(Frazer, '80, p. 13). 

Description of geology near (Frazer, '80, p. 37). 

Millbaugh llill, Pa. Boundary of tho Newark 
near (H. D. Rogers, '58, vol. 2, p. 668). 

Millbrook, N. J. Boundary of Newark along 
(Cook, '68, p. 175). 

MILLER, S. A. 1879-1881. 
North .American Mesozoic and Cenozoic geol. 

ogy and paleontology. 
In Cincinnati Soc. Nat. Hist., Jour., vol. 2. 

pp. 140-161, 223-244; YOl. 3, ll!). 9-32, 79-
118, 165-202, 245- 288; vol. 4, pp. 3-46, 93-
144, 183-234. 

MIJ,LER, S. A.-Continued. 
Published also as: North American Mesozoic 

and Cenozoic geology aml paleontology; 
or an abridged history of our knowledge 
of the Triassic, Jurassic, Cretaceous and 
Tertiary formations of this country. Cin
cinnati, 1881, pp. 1-338. 

Presents a brief abstract of a large number of 
reports and papers. Contains a hypoth
esis relating to the mode of formation 
of the Newark system, and al'[o a brief 
summary concerning its fauna an(l flora, 
vol. 2, pp. 146-161, 223-244. 

lUillers falls, Mass. Brief account of copper ores 
at (E. Hitchcock, '35, p. 72). 

ltlillet·s river, !\lass. Conglomerate at the mouth 
of (E. Hitchcock, '35, p. 214). 

Millington, N.J. Ahandonedqnarries near(Cook, 
'81, p. 55). 

Boundary of Long hill trap near (Cook, '68, 
p. 187). 

Character of trap rock near (Darton, '90, p. 
34). 

Course of trap ridge near (Cook, '82, p. 56). 
Dip at (Cook, '68, p. 198). 
Dip in sandstone near (Cook, '79, p. 30). 
Dip in shale and sandstone at (Cook, '82, pp. 

29-30). . 

Lower contact of trap sheet near (Darton, 
'90, p. 34). 

Sandstone above trap at (Cook, '68, p. 201). 
Sanustone q narry near (Cook, '79, p. 23). 

1\Iillport, Pa. Boundary of the Newark near 
(Frazer, '80, pp. 38-39). 

Bonnuary of the Newark at (H. D. Rogers, 
'58, vol. 2, p. 668). 

illill rock, Conn. Brief account of (Whelpley, 
'45, p. 62). 

Contact metamorphism at (Percival, '42, Jlp. 
436- 438). 

Contact plwnomena at (PerCJval, '42, pp. 429-
430). 

Critical study of origin of (J.D. Dana, '91). 
Description of trap ridges neat· (Percival, '42, 

pp. 39<i-397). 
Example of a dike chan~ing to an intruded 

sl1eet (Percival, '42, p. 300). 
Garnets in the trap rock of (E. S. Dana, '77). 
Origin of form of (Whelpley, '45, p. 64). 
Structure eounected with (Percival, '42, p. 

438). 
Mills's colliery, Va. Analysis of coal from (Clif-

fonl, '87, p. 10. Williams, '83, p. 82). 
Description of (\V. B. Rogers, '36, p. 54). 
Notes on (Taylor, '35, pp. 284,285). 
Thickness of coal in (Taylor, '35, p. 282). 

l\lills's (pit). Analyshwfcoalfrom (Williams, '83
1 

}1. 82). 
illills, Reitl & Co. shaft, Va. Analysis of coal 

from (Clifford, '87, p. 10. Williams, '83, 
p. 82). 

Jlill station, Pa. Mud rock from (C. E. Hall, '78, 
p. 41). 

illillstone in North Carolina (Kerr, '75, p. 305). 
lUillstone, N.J. Dip in shale at (Cook, '82, p. 25). 

Dip near (Cook, '68, p. 197). 
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Milltown, Pa. Sandstone from (C. E. Hall, '78, 
p. 52). 

Milltown, N. J. ..Alteretl shale near (Cook, '68, p. 
214). 

.Analysil:l of indurated shale from (Cook, 'li8, 

pp. 384-385). 
Boundary of Newark at (Cook, '68, p. 176). 
Dip at (Cook, '68, p. 196). 
Dip in shale at (Cook, '82, p. 25). 
Dip in indurated shale near (Cook, '82, p. 27). 
Dip rtear (Cook, 68, p. 197). 
Sandstone quarry at (Cook, '79, p. 23). 

Mill way, PI&. Boundary of the Newark near (Fra
zer, '80, p. 15). 

Miminegash, P. E. I. .Analysis of limestone from 
(Dawson and Harrington, '71, p. 41). 

Fossil plants from (Bain and Dawson, '85, pp. 
156-158). 

Minas basin, N. S. Description of Newark rocks 
on shores of (Dawson, '47, pp. 51-55. Ells, 
'85, pp. 6-7E). 

Description of north side of (Dawson, '78, p. 
99). 

Description of rocks at (Gesner, '43). 
Discussion of the geology near (Dawson, '78, 

p. 110). 
Minerals of (Willimott, '84, pp. 24L-28l:;). 
Newark outcrops on the shore of (Chapman, 

'78, p. 112). 
Scenery of (Dawson, '78, p. 101). 

Minas bay, N. S. Section on north shore of. .After 
J. "\V. Dawson (W. M. Davis, '83, p. 281, 
pl. 9). 

Mhte brook, N.J. Dip at (Cook, '68, p. 198). 
Dip near (Cook, '68, p. 199). 

Mine mountain, N •• J. Boundary of Newark near 
(Cook, '68, p.175). 

Mineralogy. On datholite from l3ergeu hill, N.J. 
(E. S. Dana, '72). 

On the minerals of trap (J.D. Dana, '45). 

Minerals in amygdaloid (JackRon, '59a). 
In Newark of Mass:whusetts, brief a~com1t 

of (E. Hitchcock, '35, pp. 228-234). 
In New Bmnswick, Nova Scotia, and New 

Foundland, locaJities of (Marsh, '63). 
In New Jersey (Cook, '68, pp. 218-225). 
Of Bergen hill, N.J. (Chamberliu, '83). 
Description of (Beck, '43). 
List of, from the Weehawken tunnel (Darton, 

'82). 
!.ist of (Seymour, '68). 
New Brunswick and Somerville, N.J., obser

-vations on (Beck, '39). 
Paterson, N.J. (J. H. Hunt, '90). 
Paterson, N. J., description of (J. H. Hunt, 

'90). 
Somerville copper mine, N.J. (Torry, '22). 
Of the trap of Massachuaetts, an account of 

(E. Hitchcock, '35, pp. 425-431). 
Of the trap rocks of Massachusetts (E. Hitch

cock, '41, pp. 660-663). 
In Nova Scotia (Gesner, '36, p. 177-184,188, 

191-193. (Jackson ancl .Alger, '33, p. 
284. Willimott, '84). 

Account of the collecting of (Emmons, '36, 
pp. 345--351). 

llinerals-Continued. 
In Nova Scotia at cape Blomidon, mention of 

(Marsters, '90, p. 4). 
Mode of formation (Dawson, '78, p. 93). 
.At shore of Minas basin (Dawson, '47, pp. 54.-

55). 
Catalogue oflocalities (How, '69, pp. 202-208). 
In Nova Scotia with localities (J. W. Daw· 

son, '78, pp. 113-115). 
Of Staten island, N.Y. (Chamberlin, '87). 

:tfine rillge, Pa. Old copper mine near (H. 
D. Rogers, '58, vol. 2, p. 709). 

Trap rock near (H D. Rogers, '58, vol. 2, p. 
709). -

Minisltecougo creek, N.Y. Dip and strike near 
(Mather, '43, p. 617). 

Red marl near (Mather, '43, p. 288). 
ltlink cove, N. S. Trap of (Jackson aml .Alger, 

'33, pp. 225-226), 

}linzi 1nountaiu, Pa. Conglomerate at (d'Invil
liers, '83, p. 203). 

.lUITCHEJ,L, ELISHA. 1827. 
Report on the geology of North Carolina. 
[Raleigh], pp. 1-27. 
Refers briefly to the finding of gold in the 

Newark rocks of North Carolina, p. 20. 

MITCHEI,L, ELISHA. 1829. 
On the geology of tl1e golll region of North 

Carolina. 
In .Am. Jour. Sci., vol. 16, pp. 1-19, and map 

op. p. 1. 
Mentions the disappearance of the eastern 

border of the Wadesboro area, beneath 
sands, and the occurrence of an outlying 
area on Drowning creek, which, with a 
portion of the principal area, is shown on 
the map op. p. 1; see also pp. 10, 16, 17. 

MITCHELL, ELISHA. 1842. 
Elements of geology, with an outline of the 

geology of North Carolina. 
[--], pp. 1-141, and map. 
Contains a short account of the Newark rocks 

of North Carolina, pp. 36, 39, 59-60, 130-
134. 

ltfiTCHEI,L, E. Citeil on tl1e early discovery of 
fossil . fishes in the Newark system (New
berry, '88, Jl. 19). 

Cited on the mode of accumulation of the 
Newark sandstones and shales (Russell, 
'78, p. 228). 

Cited on trap dikes in North Carolina (W. M. 
Davis, '83, p. 293. Lyell, '47, p. 273). 

MITCHILL, S!.MUEL 1~. 1818. 
Observations on the geology of North 

America [etc.]. 
In essay on the theory of the earth, by M. 

Cuvier. New York, pp. 219-431, pls. 6-8. 
Mentions a fossil ·fish from Glastonbury, 

Conn., }1. 365. 

MITCHIJ,L, SAMUEL r,. 1826. 
Catalogue of the orga11ic remains and other 

geological and mineralogical articles con· 
tained in the collection presented to the 
New York Lyceum of Natural History, by 
Samuel L. Mitchill.. 
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M.ITCHILL, SAMUEL L.--Continued. 
New York, pp. 1-40. 
Mentions a fossil fern from Belleville, N. J ., 

p.6 
MITCHILJ.,, SAJUUEL L. 1828. 

.A lecture on some parts of the natural history 
of New Jersey, delivererl before the New
ark Mechanic .Association [etc.]. 

New York, pp. 1-34. 
Contains a brief popular sketch of the geol

ogy of the Palisades of the Hudson, with 
mention of the character of thA rocks at a 
few neighboring localities. 

Mittineague falls, 1\lass. An account of obscure 
fossils found at (E. Hitchcock, '41, p. 462). 

Localities of fossil footprints near (E. Hitch
cock, '41, p. 466). 

Reference to fetid limestone in (E. Hitchcock, 
'41, p. 444). 

!IIXTER, W. G. .Analysis of the trap of West 
Rock, Conn., by (J.D. Dana, '73, vol. 6, 
p. 106). 

M.ogeetown, Pa. Boundary of the Newark 11ear 
(C. E. Hall, '81, p. 73). 

Mollusks, fossil, absence of, from the Newark 
rocks (Lesley, '83, p. 213). 

From Massachusetts, brief account of (E. 
Hitchcock, '35, p. 239). 

]'rom North Carolina (Emmons, '57. pp. 40- 42, 
134). 

Brief account of (Emmons, '5G, pp. 322- 323). 
List of (Kerr, '75, p. 147) . 
From Phrenixville, Pa., description of (Con-

rad, '58), 
Mention of (Wheatley, 'G1, p. 43). 
R emark on tlw finding of (Briton, '85). 
Of the Newark system, brief sketch of (H. 

D. Rogers, '58, vol. 2, pp. 760- 7G1). 
Summary concerning (Miller, '79- '81, vol. 2, 

Pll. 242-243). 

~Ion mouth Junctiou, N. J. Black !!bales near 
(Nason, '89, p. 31). 

Boundary of the N ewark near (Cook, '89, p. 
11. Cook, '68, p. 176). 

Trap boundary n ear (Cook, G8, p. 189). 
Trap rock n ear (Cook, '68, p. 189). 

Monocacy llill, Pa. Trap dike (d 'Invilliers, '83, 
pp. 200, 201). 

Trap dikes near, description of (H. D. Hogers, 
'58, vol. 2, p. 686). 

Monroe, Pa. Tionmlary of the Newark near (H. 
D. Rogers, '41, pp. 1G, 38). 

Conglomerate at (H. D. Rogers, '5il, vol. 2, p. 
G81). 

Contact of Newark and Paleozoic rocks at (H. 
D. Rogers, '58, vol. 2, p. 681). 

Dip at (H. D. Rogers, '58, vol. 2, p. 681). 
Dip of brecciate!l conglomerate near (C. E. 

Hall, '83, p. 247). 

Monson, Conn. Description of trap dikes in Pri
mary rocks near (Percival, '42, p. 426). 

!lontague, !lass. Building stone quarried in (E. 

Hitchcock, '41, p.181). 
Character of rocks exposed at (J.D. Dana, '83, 

p. 385). 

Jlont:tgue, l'lass.-Continued. 
Conglomerate in (E. Hitchcock, '35, p. 214. E. 

Hitchcock, '41, p. 442). 
]'ossil fern from, reference to (E. Hitchr,ock, 

jr., '55, p. 25). 
Tossil footprints from (E. Hitchcock, '58, pp • 

49 ct seq. D. Marsh, '48, p. 272). 
Description of (E. Hitchcock, '36, pp. 320-

325. E. Hitchcock, '41, pp. 478-501. 
E. Hitchcock, '58). 

Discovery of (E. Hitchcock, '36, pp. 307-
308. E. Hitchcock, '58, p. 4). 

Discussion concerning (E. Hitchcock, '36, 
p. 334). 

Locality for, in (E. Hitchcock, '48, p. 132). 
Fossil plants from (E. Hitchcock, '41. p. 452). 

Reference to (E. Hitchcock, '43b, p. 296, 
1Jl. 12). 

Mormol-uco·ides articulatus from, description of 
(Scudder, '84). 

Relation of the trap rock in, to a<~sociated rock 
(E. Hitchcock, '41, p. 65J). 

lUontague and Gill, !l:1ss. Section between (E. 
llitchcock, '3:>, p. 416. E. Hitchcock, '41, 
p. 654). 

::tlontague falls, 1\lass. Dip of strata at (.A.. Smith, 
'32, p. 221). 

Mention of the finding of fossil plants at (A. 
Smith, '32, pp. 219-220). 

::llontclair, N.J. Bored well at (Cook, '85, p.122). 
Boundary of First mountain trap near (Cook, 

'68, pp. 180, 181). 
Elevtttion of First mountain at (Cook, '82, p. 

49). 
Vesicular trap near (Darton, '90, p. 28). 

llontevideo, Conn. Description of SCf'nery near 
(E. Hitchcock, '23, vol. 7, p. 5). 

Description of trap ridges near (Percival, '42, 
p. 393). 

1\lontgomery county, N. C. .Au account of the 
Newark in (Mitchell, '42, pp. 130-134). 

llontgomery county, Pa. Description of a part 
of the Newark in (C. E. Hall, '81). 

Gcologiealmap of a portion of (C. E. Hall, '81). 
Map of mining district of (H. D. Rogers~ '58, 

vol. 2, op. p. G74). · 
Mention of learl and copper ores of (Lyell, '54, 

p. 13). 
Report on the geology of (C. E. Hall, '81. 

Lesley, '85, pp. lxxx- lxxxi, pl. 43). 

1Uouti(~eno, S. c_; , Description of trap dikes nea£ 
(Tuomey, '44, p.12). 

::tlontpelier, Va. Boundaries of Newark near 
(Heinrich, '78, p. 237). 

}loutville, N.J. Boundary of Newark at (Cook, 
'68, p.175). 

Boundary of trap hill near (Cook, '68, p.186). 
Boundaries of Newark system near (Cook, '89, 

p. 11. H. D. Rogers, '40, p. 118). 
Character and dip of strata near (H.D. Rogers, 

'40, p. 135). 
Conglomerate at (Cook, '68, pp. 210-211 . Cook, 

'82, p. 21. Nason, '89, p. 40). 
Description of variegated conglomerate at (H. 

D. Rogers, '36, p. 148). 
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Montville, N. J.-Continued. 
Detailell description of calcareous conglomer-

ate near (H. D. llogers. '40, p. 137). 
Dip in conglomerate at (Cook, '82, p. 30). 
Diverse di}JS ncar (Nason, '89, p. 19). 
TJ:ap conglomerate near (Nason, '89a, p. 67. 

Nason, '90). 
Trap outcrops near (Cook, '82, p. 55). 

MOODY, P. Cited on the discovery of fossil foo:;. 
prints iu the Connecticut valley (E. Hitch
cock, '48, p. 215). 

Tieference to fossil footprints found hy (Mac
farlane, '7!l, p. 63). 

Moore county, N.C. Account of the Newarl< in 
(Mitchell, '42, pp. 130-134). 

Moore river, N. S. Dip of Newark rocks near the 
mouth of (Dawson, '47, pp. 52-53). 

Dip of sandstone near (Dawson, '78, p. 103). 
ExposnrPs of Newark rocks near (Dawson, 

'47, p. 53). 
Fault near the mouth of (Dawson, '47, p. 53). 
Junction of Trias au!l CarboniferonH ncar 

(Dawson, '78, p. !03). 
Unconformity at base of Trias near (Dawson, 

'78, p. 103). 
Moore's llill, Conn. Concerning tmp)·idges near 

(Percival, '42, p. 382). 
Moore's hill, N. J. Dip iu shale at (Cook, '82, 

p.26). 
Dip near (Cook, '68, p. 19D). 

Moore's quarry, near Greenburg, N •• J. (Cook, 
'Hl, p. 57). 

Moore's station, N.J. Dip 11ear (Cook, '68, p.197). 
Dip in shale at (Cook, '82, p. 26). 

Morden, N. S. Brief account of amyg(laloi(lnear 
(Honeyma11, '88). 

Minerals near (Willimott, '8-!, p. 26L). 
Morehouse bill, N •• J. Description of (Cook, '68, 

pp. 185, 186. Cook, '82, p. 56). 
Morellmd, Pa. Boundary of the Newark in (C. 

K Hall, '81, pp. 61-6:!). 
Morelluul townshi)1, P:t. Report on the geology 

of (C. E. Hall, '81, pp. 61-64). 
Morgan's mills, Pa. Boundary of the Newark 

• near (C. E. Hall, '81, pp. 21, 61). 
Composition of conglomerate near (C. E. Hall, 

'81, p. 24). 
Conglomerate at (C. E. Hall, '81, p. 24. H: D. 

Rogers, '58, vol.1, p. 160). 
Morg11ntown, Pa. Boundary of the Newark near 

(Frazer, '80, p.15. H. D. Rogers, '58, vol. 
2, p. 668). 

Description of trap (]ikes near (H. D. Rogers, 
'58, yo}, 2, p. 687). 

Iron mine 11ear (H. D. RogerR, '39, p. 22). 
Morganville, Pa. Boundary of the Newark near 

(Lesley, '85, p.lxxxi). 
Morris county, N. J. Note on the discovery of 

fossil fishes in (Silliman, '39). 

Morris's cove, Conn. South end of Newark area 
at (Percival, '42, p. 426). 

Morris htll, Paterson, N. J. Columnar trap at 
(Cook, '68, pp. 202-203). 

Junction of trap and sandstone at (Cook, '82, 
pp. 50-51), 

Trap rock quarried in (Cook, '81, p. 62). 

~rorris Plains, N. J. Boundary of Newark in 
(Cook, '68, p. 175). 

f'ection from, to Jersey City, N.J. (Cook, '68, 
p.199, and map in portfolio). 

Section from, to New York city, N.Y. (Cook 
aucl Smock, '74). 

lUorristown, N. J. Black shale with coal near 
(Nason, '89, p. 28). 

Boundary of Newark near (Cook, '68, p. 175, 
Cook, '89, p.ll). 

Surface deposits on Newark rocks ncar (Cook, 
'89, p.12). 

Trap hill near (Cook, '68, p. 188. Nilson, '89, 
p. 37). 

Trap ridges near (Cook, 82, pp. 57-58). 
Jlorrisville, N. C. Marl near (Kerr, '75, p. 187). 
Morrisville, P:t. A11alysis of conglomerate from 

(C. E. Hall, '81, pp. 24, 111). 
Analysis of sandstone from (Genth, '81, p. 

111). 

~lorrisville, Pn. Boundary of the Newark near 
(C. E. Hall, '81, }). 20. Lea, '58, p. 92). 

Section near (C. E. Hall, '81, p. 41). 
Sin all seams of coal at (C. E. Hall, '81, p. 24). 

MORTON, [-]. Cited on fossil plants from Mas· 
sachusetts (E. Hitchcock, '35, p. 235). 

Mortonsmill,Va. Coal mines near(W.B.Rogers, 
'39, p. 81). 

lUountain View, N. ,J. Cellnlar trap at (Cook, '82, 
p.55). 

~lount Airy, N. J. Description of trap, contact 
metamorpllism, etc., near (H. D. Rogers, 
'40, pp. 154-155). 

Dip in shale near (Cook, '82, p. 26). 
Dip near (Cook, 'G8, p. 197). 
Trap outcrop at (Cook, '68, p.192). 

~lount Airy, Pa. Description of trap dike near 
(Frazer, '80, p. 29). 

Trap dikes at (Lesley, '85, p. lxiv). 
~lount Airy, Va. Dip at (W. B. Rogers, '39, p. 80), 

Mount enrmel, Conn. Brief account of (Whelp· 
ley. '45, pp. 62-64). 

l3rief account of trap near (E. Hitchcock, '23, 
vol. 6, 11. 45). 

Character of trap of (Percival, '42, p. 312). 
Contact metamorphism near (Percival, '42, p. 

437). 
Copper associated with (Percival, '42, pp. 320-

321). 
Description of trap ridges near (Percival, '42, 

pp, 395, 400-404, 406). 
Elevation of (J.D. Dana, '75a, p. 498). 
Origin of form of (Whelpley, '45, p. 64). 
Reference to trap dike at (Davis and Whittle, 

'89, p. 127). 
Structure connected with (Percival, '42, p. 438). 
Topographic form of trap ridge near (Perci· 

val, '42, p. 306). 

ltlount Holly, Pn. Section from near, to near Me· 
chanicsville (Frazer, '77, pp. 274-277, pl. 
op.p. 274). 

~lount Holyoke, Mass. Account of the trap rocks 
of (E. Hitchcock, '41, pp. 641-643). 

Brief account of (E. Hitchcock, 18, pp. 105, 108. 
E. Hitchcock, '35, p. 414. E. Hitchcock, 
'43, p.187). 
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Mount Holyoke, Mass.-Continued. 

Brief account of columnar trap at (Hitchcoek 
and Hitchcock, '67, p. 87). 

Brief account of geology of (Eaton, '18, p. 34). 
Brief account of trap of (E. Hitchcock, '23, vol. 

6, pp. 45-46). 
Brief reference to sandstone at (E. Hitchcock, 

'35, p. 215). 
Chemical analysis of trap from (Hawes, '75). 
Columnar trap on (E. Hitchcock, '35, p. 400). 
Contact metamorphism ou the uorth side of 

(E. Hitchcock, '41, p. 657). 
Description of (E. Hitchcock, '41, pp. 241-2-!6). 
Description of contact metamorphism on the 

south side of (E. Hitchcock, '35, 11p. 423-
429). 

Description of fossil plant from (E. Hitch
cock, '43b, p. 295, pl.13). 

Description of scenery near (E. Hitchcock, '23, 
vol. 7, pp. 5-9). 

Description of trap ridge connected with 
(Percival, '42, 368-370). 

Dip and strike of rocks at CK Hitchcock, '41, 
p.448). 

Dip of sandstone ueneath trap at (E. Hitch
cock, '41, p. 654). 

Dips near (E. Hitchcock, '35, p. 417). 
Discussiou of the geological structure of (W. 

M. Davis, '86). 
Early discovery of fossil footprints at (E. 

Hitchcock, '36, p. 309). 
Fossil footprints at (E. Hitchcock, '58, pp. 50 et 

seq.). 
Fossil footprints, localHy fo1· (K Hitehcock, 

'48, p.132). 
Mention of (A. Smith, '32, pp. 224-227). 
Note on sandstone ueneath trap at (E. Hitch

cock, '28, p. 18). 
Notice of conglomerate on (Nash, '27, p. 2•J6). 
Origin and character of (Emerson, '87, pp. 

19-20). 
Origin of (J. D. Dana, '75a, p. 502. W. M. 

Davis, '82). 
Origin of tufaceous conglomerate near (E. 

Hitchcock, '41, p. 527). 
Reference to a fine conglomerate at (E. Hitch. 

cock, '35, p. 215). 
Reference to scl1istose saudstone beneath trap 

iu (E. Hitchcock, '35, p. 35). 
Reference to trap dikes of (Dauben-y, '39, p. 23). 
Reference to volcauic origin of the tup rocks 

of (Cooper, '22, p. 239). 
Trap conglomerate at (E. Hitchcock, '35, p. 

215). 
Sect.ion of (E. Hitchcock, 47a, p. 201). 
Section showing junction of trap anll santl

stone at (E. Hitchcock, '41, p. 659). 

Structure and lithological character of (Emer
son, '86). 

Topographic form of (Percival, '42, p. 304). 

Tufaeeous conglomerate on the east sirl<l of 
(E. Hitchcock, '41, p. 442). 

Unusual dip of sandstone at (E. Hit<-hcock, 
'35, p. 223). 

View from (E. Hitchcock, '41, pls. 2, 6). 

~louut Horeb, N. J. Elevation of Second moun
taiu at (Cook, '82, p. 52). 

~lount Joy, Pa. Boundary of the Newark near 
(Frazer, '80, p. 37). 

Mount .Joy tolvnsbip, Pa. Report on the geology 
of (Frazer, '80, pp. 36-37). 

Mount ~lettawampe, lUass. Character of saud
stone in (E. Hitchcock, '55, p. 226). 

llouut Paul,-rv • • J. Conglomerate of (Cook, '79, p. 
19). 

Dip iu shale at (Cook, '82, p. 29). 
llount Pleasant, N.J. Character of tl>e forma

tion uear (H. D. Rogers, '40, p.131). 
Dip in shale near (Cook, '82, p. 27). 
Quarries of trap rock at, meution of (S. P. 

Merrill, '89, p. 435). 
}lount Pleasant, Pa. Aualysis of trap from 

(Genth, '81, p. 97). 
llount Pleasant iron mine, Pa. Boundary of the 

Newark near (H. D. Rogers, '41, p. 16, 39. 
H. D. Rogers, '58, vol. 2, p. 668). 

Mount Prospect institute, N •• J. Boundary of first 
mountain trap ncar (Cook, '68, p.181). 

lUount Rose, N •• J. Copper ores near (Cook, '68, 
p.679). 

Dip iu sbale near (Cook, '82, p. 25, 26). 
Dip near (Cook, '68, p.197). 
Elevation of (Cook, '68, p.l90). 
Elevation of trap ridge at (Cook, '82, p. 60). 
Trap boundary near (Cook, '68, p.190). 

Mount Sorrow, Pa. Boundary of the Newark 
near (H. D. Rogers, '58, vol. 2, p. 675). 

Mount Toby, lllass. Brief accotmt of sandstone 
and conglomerate near (E. Hitchcock, '35, 
p.221). 

Character of rocks at (E. Hitchcock, '41, p. 447). 
Concerniug the origin of the couglomorate of 

(E. Hitchcock, '35, p. 244). 
Couglomerate iu (E. Hitchcock, '35, pp. 214, 

215. E. Hitchcock, '41, p. 442). 
Description of (ElJlersOIJ, '82. E. Hitchcock, 

'41, pp. 248-249. Percival, '42, p. 409). 
Description of scenery near (E. Hitchcock, 

'23, vol. 7, p. 10). 
Descriptiou of trap ridges near (E. Hitchcock, 

41, p. 648. Percival, '42, pp. 409-410). 
Dip of rocks on (E. Hitchcock, '35, p. 224). 
Discussion coucerniug footprints found at (E. 

Hitchcock, '36, p. 334). 
Est,imated thickl1ess of Newark system at (E. 

Hitchcock, '35, p. 224). 
Mention of roek composing (Percival, '42, p. 

450). 
Note on eonglomerate uear (Nash, '27, p. 247). 
Section of (Walliug, '78, pl. op. p. 192). 
Stratigraphy near (Walling, '78). 
Trap between sandstone at (E. Hitchcock, '35, 

p. 416). 
Trap dikes at (l£. Hitchcock, '35, p. 224). 
Trap interstratified with sandstone at (E. 

Hitchcock, '41, 1). 654). 
Trap ridges near (E. Hitchcock, '35, p. 409). 

iUount Tom, ~lass. .Abnormal dip near (E. Hitch
cock, '35, pp. 419-421). 

..Accouut of the trap rock of (E. Hitchcock, '41, 
pp. 641-643). 
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Mount Tom, Mass.-Continued. 
Additional facts concerning a fossil form from 

(E. Hitchcock, '60). 
.An overflow trap sheet (W. M. Davis, '88, Jlp. 

464-467). 
Brief account of (E. Hitchcock, '18, pp. 105, 

108. E. Hitchcock, '35, p. 414. E. Hiteh
cock, '43, p. 187). 

Brief account of trap of (E. Hitchcock, '2il, 
vol. 6, pp. 45- 46). 

Brief reference to sam~stone at (E. Hitchcock, 
'35, p. 215). 

Columnar trnp on (E. Hitchcock, '35, p. 400). 
Contact metamorphism on the east side of (E. 

Hitchcock, '41, p. 657). 
Contact metamorphism on the east side of, 

description of (E. Hitchcock, '35, pp. 423-
429). 

Description of (E. Hitchcock, '41, pp. 246-247). 
Description of geology near (W. M. Davis, 

'83, pp. 261-263). 
Description of scenery ncar (E. Hitchcock, 

'23, vol. 7, p. 9). 
Descri11tion of a section across the Conneeti

cut valley at (E. Hitchcock, '55). 
Description of trap ridge connected with 

(Percinll, '42, pp. 368-370). 
Description of trap ridges near (Percival, '42, 

pp. 389-393). 
Description of trap tuff on the east side of (E. 

Hitchcock, '24, pp. 245- 24 7). 
Dip and strike of rocks at (E. Hitchcock, '41, 

Jl. 448). 
Dip at (E. Hitchcock, jr., '5(;, p. 23). 
Dip near (E. Hitchcock, '36, p. 308). 
Dip of rocks beneath trap at (E. Hitchcock, 

'35, p. 223). 
Dip of sandstone beneath trap a.t (E. Hitch-

cock, '41. p. 654). 
Dips near (E. Hitchcock, '35, p. 417). 
Elevation of (J.D. Dana, '7f>a, p. 498). 
Fossil fern from (E. Hitchcock, '58, p. 6). 
Fossil fern from, flescription of (E. Hitch-

cock, jr., '55). 
Fossil footprints at (E. Hitchcock, '58, Jlp. 50 

et seq.). 
Fossil footprints found near (D. Marsh, '48, 

p. 272). 
Description of (E. Hitchcock, '36, pp. 317-

325). 
Early discovery of (E. Hitchcock, '36, pp. 

30S-309). 
Localities of (E. Hitchcock, 41, p. 465). 
Locality for (E. Hitchcock, '48, p. 132). 
Reference to (Macfarlane, '7fl, p. '63). 

Fossil shell from (E. Hitchcock, '58, p. 6). 
Description of a (E. Hitchcock, jr., '56). 

Mention of (.A. Smith, '32, Jl. 224). 
Origin and character of (Emerson, '87, pp. 19-

20). 
Origin of, mentioned (J.D. Dana, '75a, p. 502). 
Overflow, origin of (W. M. Davis, '82). 

Section across Connecticut valley at (E. 
Hitchcock, '58, pl. 3). 

Section from, to ·wallingford, Conn. (W. M. 
Davis, '83, pp. 305-307, 111. 10). 

Mount Tom, Mass.-Continued. 
Section of (E. Hitchcock, '47a, p. 200. E. 

Hitchcock, jr., '55, p. 23). 
Section of, after E. Hitchcock (W. M. Davis, 

'83, Jl· 281, pl. 9). 
Section showing junction of trap and sand· 

stone at (E. Hitchcock, '41, p. 656). 
Section through (Walling, '78, pl. op. p. 192). 
Thickness of sandstone east and west of (E. 

Hitchcock, jr., '55). 
Topographic form of (Percival, '42, p. 304). 
Trap conglomerate at (E. Hitchcock, '35, p. 

215). 
Trifaceous conglomerate on the east side of 

(E. Hitchcock, '41, p. 442). 
Mount Top, Pa. Trap and iron ore from (C. E. 

Hall, '78, p. 31). 
llount Vernon, N. J. Boundary of Long hill trap 

near (Cook, '68, p. 187). 
Boundary of the Newark near (Frazer, '80, p. 

13). 
)fount Wauner, Mas~. Description of (E. Bitch· 

cock, '41, p. 249). 
Dips nea,r (Walling, '78, p. 192). 

)fount Wasl1ington, N.J. Trap hill near (Cook, 
'liS, }1. 188). 

MU!l cracks at Pompton, N.J. (Cook, '68, p. 201). 
Condition of deposition shown by (J.D. Dana, 

'75, -p. 420). 
In sandstone of Connecticut valley (E. Bitch· 

cock, '58, pp. l6fl- 170, pls. 39, 60). 
(See also Sun cracks.) 

)Julhockaway creek, N. J. Boundary of Newark 
along (Cook, '68, p. 175). 

Murclaison, N. C. Sketch showing outcrop of 
coal near (Chance, '85, p. 48). 

Murchison coal urine, N. C. Quality of coal found 
at (Emmons, '52, p. 131). 

1 

MURCHISON, RODERICK IMPEY. 1843. 
Address delivered at tlw anniversary meeting 

of the Geological Society of London, on 
the 17th of February, 1843. 

London, pp. 1- 118. 
Discusses the footprints of the Connecticut 

vallPy and the probable age of tl1e rocks 
in which they occur, pp. 104--108. 

l'IIURCHISOX [UODERICK Il'IIPEY]. 18!3a. 
[On the footprintB of the Connecticut valley 

sandstone.] 
In .Am. Jour. Sci., vol. 45, pp. 187-188. 
General remarks concerning the fossils in 

question. 
MURPHY, H. S. Trap rock quarried by (Cook, 

'81, p. 63). 
Murray harbor, P. E. I. Dip near (Dawson 

and Harrington, '71, p. 15). 
Sternbergia from (Dawson and Harrington, 

'71, p. 46). 
Musconetcong mountain, N.J. Boundary of New

ark near (Cook, '68, p. 175). 
Jlnsselmau's lower mine, Pa. Detailecl account 

of (Frazer, '80, pp. 302-304). 

Myersville, N.J. Bored well near (Ward, '79, p. 
139). 

Myriapocls, fossil, description in Connecticut val· 
ley (E. Hitchcock, '58, pp. 147-166). 
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Myriapods, fossil-Continued. 
Description of tracks of (E. llitclwock, '65, pp. 

17, 18). 
Position of, in scheme of cla~~itication (E. 

Hitchcock, '58, p. 48). 
NASII, ALANSON. 1827. 

Notice of the leall mines and veins of Hamp
shire county, Mass., and of the geology 
and mineralogy of the r egion. 

In Am. Jour. Sci., vol. 12, pp. 238--270, and 
map. 

Contains a brief and very general description 
of the sedimentary rocks of the Connec
ticut valley, with !t discussion of their 
origin, pp. 246-247, 'and map. 

[NASON, FRU'X L.J. 1S89. 
The Triassic rocks, or the Red sallllstone of 

New Jersey. 
In geological survey of New Jersey, annual 

report of the state geologist for the year 
1888, pp. ~6-48, pl. op. p. 42. 

Records detailetl observations on the New
ark system in New Jersey. Discusses 
the presence of faults antl the relation of 
the trap ridges to drainage lines. 

[NASON, FRANKL.]. 1889a. 
Geological studies of the Triassic or Red 

sandstone and trap rock. 
Iu New Jersey Geol. Surv. Rep. for 1889, pp. 

66-72. 
Discusses the source of 1.1-ap pebble fouml in 

the Newark rocks of New Jersey. 
[NASON, F. L.]. 1889b. 

Arte~ian wl)lls [in New Jersey]. 
I11 N.J. Geol. Surv., Ann. Rep. for· 188!1, pp. 

82-89. 
Contains the records of a nmube'~ of wells 

bored in tbe Newark rocks of New Jer
sey. 

NASON, I<'RANK L. 1890. 
On the intrusive origin ol' the vVatchung traps 

of New Jersey. 
In Geol. Soc. Am., Bull., vol. 1, pp. 562-563. 
Describes a trap conglomerate near Montville, 

N.J., and cliscusses _its origin. 
NASON, 1<'. L. 

Cited on the intrusive nature of the trap 
sheets of New Jerl:ley (Cook, '89, p. 14). 

Cite«l on ''pipe stem" amygtlaloifls in the trap 
of Watchung mountain, N.J. (Davis and 
w -hittle, '89, p. 134). 

National Museum, Wasl1ington, D. C. Fossil foot
prints in((). H. Hitclwock, '88, p. 123). 

Neiman's mill, Pal. Contact metamorphism at 
(tl'Invilliers, '83, p. 199). 

Strike mHl clip of strata 11eat· (•l'lnvilliers, '83, 
ll- 211). 

Nell's cop(ler mine, Pa. Detailed account of 
(Frazer, '80, pp. 301-302). 

Nelson t~otmty, Va. Boundary of the Newark in 
(W. B. Rogers, ':.19, p. 74). 

Brief account of sandstone in (W. B. Rogers, 
'3G, pp. 81-82). 

Neshanic, N. J. Com·l:le of trap ridge near (Na
son, '89, p. 35). 

Dip in red shale at (Cook, '82, p. 26). 

Neshanic, N. J.-Continued. 
Dip near (Cooli, '68, p. 197). 
Origin of trap i·ock near (Darton, '89, p. 138). 
Section und description of tra11 sheet near 

(Darton, '90, p. 67). 
Tra11 outcrops near (Darton , '90, p. 70). 

NEmiAYER, }l. 1885. 
Die geographische Verureitnng der Jura-For

mation. 
In Denkschriften der kaiserlichen Akademie 

der Wissenschaften, mathematisch-natur
wil:lsenschaftliche Klasse, vol. 50, pp. 57-
142, two maps antl one plate. 

Contains a brief review of the Jurassic forma
tion in North America, based principally 
on tho writings of J. :Marcou, W. M. 
Gabb, C. King, and C. A. White, pp. 123-
125. The maps gh-e a general idea of the 
distribution of land and of climatic zones 
in the Jurassic period. 

Nenrsink hills, Pa. Conglomerate from ((l'In
villiers, '83, p. 380). 

Neversink mountains, Pa. Conglomerate near 
(H. D. Rogers, '58, vol. 2, p. G81). 

Section near (H. D. Roger>;, '58, vol. 2, PP-
681- 682). 

Neversink station, Pa. Dip of sl1ale near (d'In
villiers, '83, p. 2~1). 

Unconformity near (d'Invilliers, '83, pp. 221-
222). 

New Amster<lam, N. J. Conglomerate at (Cook, 
'68, p. 210). 

Newark. Objections to, as a group name (C. H. 
Hitchcock, '90). 

Newark group. Name proposed (W. C. Retlfield, 
'56, p. 181). 

Newark system. Name proposed by W. C. Red
field (Russell, 89a). 

Sections, pictorial review of the (W. M. Da
vis, '83, pp. 280-281, pls. 9- 11). 

Newark, N. J. Artesian well at (Cook, '79, pp. 
126-127. Cook, '82, p. 142. Cook, '84, pp. 
135-137). 

Bored wells at (Cook, '85, pp. 114-115. Ward, 
'79, p. 150). 

At, with analysis of water; recortl of 
strata passed throngh (Cook, '80, pp. 
162-166). 

Brief account of tile geology near (Lyell, '45, 
vol. 1, p. 15). 

Brief description of the brownstone quarries 
at (Russell, '78, p. 224). 

Building stone at (Cook, 68, pp. 507-508). 
Character of the rocks in quarries near (Na· 

son, '89, p. 22)-
Coal in thin seams at (Cook, '78, p. 110). 
Dip at (Cook, '68, p.196). 
Dip in sandstone at (Cook, '79, p. ilO. Cook, 

'82, p. 24. Lyell, '42). 
Finding of the cast of a tree trunk at, men

tion of (Edwards, '71). 
Fossil plants found at, mention of (New berry, 

'88, p. 13). 
From, descriptions and figures of (New

berry, '88). 
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Newark, N. J.-Continued. 
Plant remains at (Cook, '79, p. 27). 

In sandstone near (Nason, '89, p. 28). 
Quarries at (Cook, '79, Jl. 19. Cool{, '81, pp. 

47-49. Lyell, '42. Shaler, '84, pp.14l-144). 
Raindrop impression from (Lyell, '51, pp. 238, 

242-244). 
Mention of (Lyell, '43, pp. 39-40. Lyell, 

'51. W. C. Redfiel$1, '5la, pp. 73-74). 
Notice of (W. C. Redfield, '42). 

Sandstone exposed near, descri11tion of (H. D. 
Rogers, '40, p. 130). 

Sandstone near, £1escription of (Cook, '68, p. 
209)~ 

Sandstone quarries at (Cook, '79, 11. 22. Sha· 
lor, '84, p. 141). 

Section from, to Brooklyn heights, N. Y. 
(Cook, '68, p. 230). 

Section near (Cook, '68, pp. 230, 231, 232, 324. 
Shaler, '84, p. 142). 

Section of rocks exposed in quarr·y at (Finch, 
'26, pp. 209-211) 0 

'l'rap rock in driven well at (Ward, '79, p.150). 
Wells bored in, records of (Nason, '89b). 

Newark bay shore, N. J. Boundary of trap out
crop along (Cook, 'GS, p. 177). 

Exposure of Newark sandstone and shale in 
(Britton, '81, p. 168). 

Trap rock in (Cook, '68, p. 177). 
Newark mountain, N. J. Description of (H. D. 

Rogers, '40, p. 146). 
Section across, after H. D. Rogers (W. M. 

Davis, '83, p. 281, pl. 9). 
Section across, after vV. ltV. Mather (W. M. 

Davis, '83, Jl. 281, pl. 9). 
New Baltimore, Va. Boundary of tho Newark 

near (W. B. Rogers, '40, p. 63). 
New Berlin, Pa. Trap dikes and dip of strata 

near (d'Invilliers, '83, p. 206). 
NEWBERRY, J. S. 1866. 

Description of fossil plants from the Chinese 
coal-bearing llods. In geological re· 
searches in China, Mongolia, and Japan 
during the years 1862-1865, by Raphael 
Pumpelly. .Appendix, pp. 119-123, pl. 9. 

In Smith. lust., Contrib. Knowl., vol. 15, pp. 
1-143, pls. 1-9. 

The fossils described in this paper are stated 
to be of Jnrassic or Triassic age, and are 
compared wit.h similar fossils from .Abi
quiu, N.Mex., Sonora, Mexico, and North 
Carolina. 

NEWBERRY, J. S. 1870. 
[Remarks on the genesis of the Newark sand

stones contiguous to the Palisades, N.J.] 
In New York Lye. Nat. Hist., Proc., vol. 1, 

1870-1871, pp. 131, 133-134, l37. 
Dissents from the hypothesis proposed by H. 

Wurtz, to the effect that the sandstones 
adjacent to the Palisades of the Hudson 
were derived from the disintegration of 
trap rock. Gives analysis of sandstone 
and trap. 

NEWBERRY, .J. S. 1873. 
[Remarks on copper ores in the Triassic sand· 

stones of the United States.] 

NEWBERRY, J. S.-Continued. 
In New York Lye. Nat.. Hist., Proc., 2<1 ser., 

vol.21, 1874, piJ.16-17. 
Describes the freq uont occurrence of the ort>,s 

of copper in the Triassic sandstones of 
New Mexico and Texas, and mentions 
that a similar im11regnation of sandstone 
with copper is common in the Newark 
system. 

NEWBERRY, J. S. 1876, 
Descriptions of the Carboniferous and Trias

sic fossils collected on the San Juan ex· 
ploring expedition, under the commamlof 
Capt. J. N. Macomb, U.S. Engineers. 

In report of the exploring expedition from 
Santa :Fe, N. Mex., to the junction of 
the Grand and Green rivers of the great 
Colorado of the West, in 1859, under the 
command of Capt. J. N. Macomb, with 
geological rt;port by Prof. J. S. Newberry, 
Washington (Engineer's Department, U. 
S . .Army), 4to, pp. 135-148, pls.1-8). 

Some of the plants described are found also in 
the Newark. 

NEWBERRY, J. S. 1878. 
Description of new fossil fishes from the 

Trias. 
In New York .Acacl. Sci., .Ann., vol. 1, 1879, 

pp.127-128 . 
.Abstract in Am. Jour. Sci., 3d ser., vol. 16, p. 

149; and in N eues J ahrbuch, 18i9, p. 110. 
Describes the negus Diplurus, represented by 

D. long·icaudattts, from Boonton, N. J., 
and Ptycholepis marshi, from Durham, 
Conn. Concludes with brief remarks on 
the age of the system. 

NEWBERRY, J. S. 1888. 
[Remark on the intrusive character of the 

trap of Bergen hill, N. J.] 
In New York .Acad. Sci., Trans., vol. 2, 1882-

1883, p. 120. 
Refers to an investigation by P. Schweitzer, 

demonstrating the difference between the 
trap of Bergen hill and the associated 
sandstone. 

NEWBERRY, J. S. 1885. 
[Uemarks on the geological position of the 

Triassic and .Jurassic rocks of .America.] 
In New York .Acad. Sci., Trans., vol. 5, 1885-

1886. 
States the geological position of the Newark 

system, as shown by the fossil plants and 
fol!sil fishes, pp. 17-20. 

NEWBERRY, J. S. 1887. 
lUemark on the former extent of the Newark 

system.] 
In New York .Acad. Sci., Trans., vol. 7, p. 39. • 
States that the occurrence of Cretaceous strata 

resting on the crystalline rocks of Staten 
island, indicates the exiiltence there dur
ing secondary times, of a region of separa· 
tion between the Newark areas of Con
necticut and New Jersey. 
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NEWBERRY, JOHNS. 1888. 
Fossil fishf's and fossil plants of the Triassic 

rocks of New .r ersey and the Connecticut 
valley. 

U.S. Geol. Surv., Monogravh vol. 14, 4to, pp. 
i -xiv, 1- 152, pls . 1- 26, reviewed by .r. Mar
cou, in Am. Geol., vol. 5, pp. 160-174. 

Abstract inN ew York A cad. Sci., Trans., vol. 
6, 1866--1887, pp. 124- 128. 

Notice in Am . .Tour. Sci. , 3d ser., vol. 37, pp. 
77-78; all(l in Am. Geol., vol. 4, 187-188. 

Gives a short account of the dio;tribut.ion and 
of the principal features of the Newark 
system; present>! the views of }lrevious 
authors as to 1 ts age; dhlCusses its rela
tions with similar terranes in the Rocky 
mountain region and in Europe, pp. 1- 17. 

Fishes: Reviews previous studies of the fossil 
fishes, aml a list of those now known, VP· 
19- 23. Description of genera and species, 
principally from New .Jersey and the Con
necticut valley, pp. 24--76, illustrated by 
Ills.1- 20. 

Plants: Sketch of the flora with special refer
ence to the foso;il plantl-! of the Connecti
cut valley and N ew York-Virg-inia (Pali
sade) areas, pp. 79- 81. Description of 
genera and species, pp. 82-95, illustrate(! 
by ph;. 21- 26. 

NEWBERRY, J. S. 1888a. 
Triassic plants from Honduras. 
In New York Acad. Sci., Trans. , vol. 7, 1887-

1888, pp. 113- 115. 
Preliminary publication of a paper subse

quently printe(l under the· title Rhretic 
plants from Honduras, in Am . .Tour. Sci., 
3d ser., vol. 36, pp. 342--351, pl. 8. 

NEWBI-:RRY, J. S. 1888b. 
Rhretic plants from Honduras. 
In Am . .Tour. Sci., 3d ser., vol. 36, Pl'· 342-351, 

pls. 8. 
Compares some of the fossils describe(! with 

similar plants from the Newark. 
NEWBERRY, J. S. 1890. 

On Dendrophycus t'l'iassicus. 
In Am. Nat., vol. 24, pp. 1068-1069. 
A reply to .r . . F . .Tames, in reference to the 

fossil mentioned, being of organic and not 
of inorganic origin. 

NEWBERRY, J. S. Cited in the cause of the red 
color of the Newark sandstones (Russell, 
'82, p. 52) . 

Cited on fossil plant from Connecticut (Cha
pin, '91a). 

Review of report on fossil fishes and fossil 
plants by (Marcou, '90). 

Newberry, Pa. Contact metamorphism n ear (H. 
D. Rogers, '58, Yol. 2, p. 688). 

Trap dikes near (H. D. Rogers, '58, vol. 2, p. 
638). 

New bridge JlOint,Pa. Dip of Newark rocks near 
(Lewis, '85, p. 452). 

New Britain, Corm. Detailed st.ndy of tlw geo
logical structure near (W. M. Davis, '89). 

Mention of the occurrence of bitumen in (Per
cival, '42, p . 443), 

New Britain, Conn.-Continued. 
Trap ridges and faults near, map of (W. M. 

Davis, '89c, p. 424). 
Trap ridges near, description of (Davis aD.d 

Whittle, '89, p. 115. Percival, '42, pp. 373, 
375, 376, 379, 381, 384--386). 

Nen• Bruns1vick. Brief account of the Newark 
system in (Bailey, Matthew and Ells, '80, 
pp. 2-23D and maps. Matthew, '63). 

Brief note on contact of Newark and Carbon
iferous in (Bailey, '85). 

Brief :note on fossil wood from Gardner's cretJk 
(.T. W. Dawson, '63). 

Brief reference to the geology of (Russell, '78, 
p. 220). 

Catalogue of mineral localities in (Marsh, '63). 
Copper ore on Grand Manan, occurrence of 

(Chapman, '35). 
Deseription and discussion of Newark rocks 

of (Dawson, '78). 
· Description of Grand Manan island (Verril, 

'78). 
Geological map of (Bailey, '65. Dawson, '78, 

map. Logan, '65, map No. 1. Matthew, 
'65, map). 

Geological sketch of (Crellner, '65). 
Newark on Grand Manan island (Matthew, 

'78, p. 339). 
Newark rocks of, reference to (Dawson, '78, pp. 

86- 87). 
Report on (Matthew, '65). 
Summary concerning (Chapman, '78, p. 

106). 
Newark system in, former extent of (Dawson, 

'78, p. 108). 
General remarks on (Dawson, '78, pp.109-

113). 
Observations on the geology of (Bailey, '65). 
Report ou the geological survey of (Gesner, 

'39. Gesner, '40. Gesner, '41. Gesner, 
'42. Gesner, '43a). 

Sections, Gardner's creek (Gesner, '41, p. 14). 
Grand Manan island (Chapman, '72, op. p. 

193). 
Quaco head, near (Gesner, '40, p.17) . . 

New Brunswick, N.J. Abandoned quarries near 
(Cook, '81, p. 55). 

Altered shale near (Cook, '83, p. 23). 
Analysis of sandstone from (Cook, '68, p. 516). 
Analysis of shale from (Cook, '68, pp. 384-385_1. 
Artesian wells at (Cook, '85, pp.112-113). 
Baryta near (Cook, '68, p. 709). 
Bearing of joints at (Cook, '68, p. 201). 
Bored wells at (Cook, '82, p. 147. Ward, '79, 

pp. 132-133). 
Brief aeconnt of the Newark system of (Daw

son, '78, pp. 108-10!J). 
Coppet• mine near, description of (H. D. 

Rogers, '40, p. 161). 
Copper ore at (Cook, '71, pp. 55--56). 
Copper ores near (Cook, '68, p. 678). 
Dip at (Cook, '68, p. 196). 
Dip in sandstone ncar (Cook, '82, p. 25). 
Dip in slwle at (Cook, '79, p. 30). 
Dip near (H. D. Rogers, '40. p. 1f!8). 
Minerals obtained near (Beck, '39). 
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Ne'v Brunswick, N. J.-Continned. 
Native iron near (Cook, '83, p. 62). 
Sandstone aml shale exposed near, description 

of (H. D. Rogers, '40, p.128). 
Sandstone and shale ne:1r, exposure of (Rus· 

sell, '78, p. 224). 
Sandstone near, (leseriptiou of (Cook, '68, P· 

208). 
Sawbtoue quarry near (Cook, '79, p. 23). 
Shale at, deserivtiou of (Cool,, '68, p. 212). 
Soils at (Cook, '78, pp. 24-25). 
Trap an(l santlstone ncar, sect.iou of (\V. M. 

Davis, '83, p. 309, pl. 11). 
Trap bet,veen saJHlstmlll 11e:1x (Cook, 68, PP· 

20, 202-205). 
Trap dike near (Cook, '68, p. 204-). 

Notice of (Cook, '87, p. 126). 
Trap found near, in boring (H. D. l{ogers, '40, 

l)P· 148-149). 
Trap near (Darton, '90, 11. 39). 

Description of (Darton, '90, ll· 66). 
Origin of (Darton, '89, p. 139). 
Outcrops of (Cook, '82, p. 59). 
Small outcrop of (Nason, '89, p. 36). 

Trap ridge near, course of (Nason, '89, p. 35). 
Reference to (Russell, '78, p. 2!1). 
Trap rock of, brief reference to the n'ature of 

(Cooper, '22, p. 240). 

New Chester, Pa. Trap (likes ncar (H. D. Rogers, 
'56, vol. 2, p. 688). 

Trap from (C. E. Hall, '78, p. 41). 

New City, N. Y. Columnar traps at (Mather, '43, 
p. 282). 

Conglomerate quarries near (Mather, '39, pp. 
123-124). 

Quanies near (Mather, '43, pp. 286-287). 

New Durham, N.J. Bonnclary of trap outcrop at 
(Cook, '68, p. 177). 

Building stone near, mention of (Cook, '81, p. 

43). 
Dip of sandstone at (Darton, '83). 
Disintegrated sandstone at, clescription of an 

exposure of (Darton, '83). · 
Trap rock quarries at (Cook '79, p. 25). 
West contact of trap sheet ncar (Darton, '90, 

p. 52). 

NEWELL, F. H. 1889. 
Richmond coal field, Virginia. 
In Geol. Mag., dec. 3, vol, 6, pp. 138-140. 
A. review of a paper by W. Clifford on the 

Richmond coal field. States that the strata 
do not thin out near the outcrops, and that 
the coal was not deposited in a restrictecl 
basin with steep side>!, as supposed by 
Lyell and others. Shows tbatmuch fault
ing and crushing of the coal-bearing rocks 
has taken place. 

Reviewed by \V. Clifford in :Manchester 
Geol. Soc., Trans., vol. 20, pp. 247-256. 

NEWELL, F. H. Citecl on tho Richmond coal 
field (Clifford, '88). 

New Fairfield, Pa. Trap from (C. E. Hall, '78 
p. 69). 

New Garden, Pa. Mention of a trap dike in (Far
zer, '84, p. 693). 

Newgate,. Conn. Brief account of trap near (E. 
Hitchcock, '23, vol. 6, }). 49). 

Sanustone associated with trap near (Percival, 
'42, p. 440). 

Newgate mine, Conn. Rocks near (Percival, '42, 
pp. 316, 391). 

Newgato motmtain, Conn. Building stones near 
(Percival, '42, p. 439). 

Mention of (Percival, '42, p. 445). 
Trap ridges near, de:o.cription of (Percival, '42, 

pp. 38U-391). . 
Topographic form of (PerciYal, '42, p. 308). 

New Germantown, N.J. Analysis of conglomer·. 
ate from (Cook, '68, p. 393). 

Boumlary of Newark near (Cook, '68, p. 175. 
H. D. Rogers, '40, pp. 16, 118). 

Calcareous conglomerate near, detailed de· 
scription of (H. D. Rogers, '40, pp.137-138). 

Conglomerate near (Cook, '65, p. 7. Cook, '68, 
p.210). 

Mention of (Nason, '90). 
Conglomerate quarries near (Nason, '89, p. 39). 
Dip in shale and conglomerate near (Cook, '82, 

p. 29). 
Dip near (Cook, '68, p.197. Cook, '68, p.l9~). 

Change of (H. D. Rogers, '40, p.132). 
Dip of variegated conglomerate near (H. D. 

Rogers, '36, p. 148). 
Diverse dips near (.Nason, '89, p. 18). 
Section of trap and sandstone near (Darton, 

'!JO, p. 35). 

New Germ:mtown, N.J. Trap hill near, descrip· 
tion of (Cook, '68, p. 194). 

Relation of (Nason, '89,.p. 36). 
Trap of, description (Darton, '90, pp. 36-37). 
Variegated conglomerate near, description of 

(H. D. Rogers, '36, p. 148). 

New Germantomt hill, N. J. Description of 
(Cook, '82, p. 65). 

New Germantown mountain, N.J. Probable faults 
near (Nason, '89, p. 25). 

New Jlaven, Conn. Artesian well bored at, record 
of (J.D. Dana, '83, p. 386). 
Depth of (Hubbard, '89). 

Dikes ncar, description of (W. M. Davis, '83, 
p. 268). 

Dip of sandstone near (\Vbelpley, '45, pp. 61-
62). 

Faults near, evidence of (W. M. Davis, '88, 
pp. 469-470). 

Garnets in trap near (E. S. Dana, '77). 
Geology near, brief account of (Lyell, '45, vol. 

1, p. 13). 
Description of the (W. M. Davis, '83, pp. 

267-269). 
Geology of the vicinity of (Silliman, '14). 
Map of trap ridges north of (J.D. Dana, '75, 

p. 418). 
Native copper found ncar, mass of (Silliman, 

'18). 
Sandstone quarries near (Slwler, '84, p. 127). 
Sandstone range beginning 11car (Pcrci>al. 

'42, Jl. 433). 
Scoraceous rocks ncar, mention of (J. D. 

Dana, '7la). 
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-,v Haven, Conn.-Continued. 
Section of trap clikes near (W. M. Davis, '83, 

pp. 305-307, pl. 10). 
South end of Newark a~·ea at (Percival, '42, 

p. 426). 
Topographic and geologic features near, de

scription of the (.J.D. Dana, '71, pp. 46-47). 
Topographic feature of the regi011 about, brief 

account of (.J.D. Dana, '75a, p. 170). 
Trap and sandstone ncar, relation of (Whelp

ley, '45, pp. 62-63)_. 
Trap dikes near (E. Hitchcock, '23, vol. 6, pp. 

56, 57). 
Reference to (Danben·y, '39, p. 22). 

Trap hills near, general account of the (Silli
man, '10, pp. 87-95). 

Trap outcrops near, critical study of (.J.D. 
Dana, '91). 

Trap ridges near, account of the (Davis and 
Whittle, '89, pp. 105-106). 

Trap, character of (W. M. Davis, '89b, p. 25). 
Trap rock near (E. S. Dana, '75). 

Brief account of (E. Hitchcock, '23, Yol. 6, 
p. 50). 

Mention of (S. P. Merrill, '84, p. 24). 
Quarries of (Shaler, '84, p. 127). 
Reference to the volcanic origin of (Coop

er, '22, p. 239). 
West rock near, description of (Silliman, '20a, 

pp. 202-203). 

New Haven, Pa. B01mdary of tlJe Newark near 
(Frazer, '80, pp. 15, 39). 

New Holland, Pa. Boumlary of the Newark near 
(H. D. Rogers, ';:)8, vol. 2, p. 668). 

Conglomerate near (H. D. RogerH, '58, vol. 2, 
pp. 67!l-680). 

Trap dikes near (H. D. Rogers, '58, vol. 2, p. 
687). 

New Hope, Pa. Altered sl1ales aJHl sandstone>~ at 
(H. D. Rogers, '48). 

Analysis of tra}J from (Genth, '81, pp. 94, 95, 
96). 

Character of strata near (H. D. Rogen;, '58, 
vol. 2, p. 673). 

Contact metamorphism at, brief account of 
(H. D. Rogers, '30, p. 102). 

Dikes near (H. D. Rogers, '58, vol. 2,JJ. 673). 
Dip in shale and sandstone at (Cook, '82, p. 26). 
Limestone at (Cook, '79, }1. 32). 
Metamorphism near (H. D. Rogers, '58, vol. 2, 

pp. 673, 674). 
Strike near (H. D. Rogers, '58, vol. 2, p. 673). 
Section of clikes at., after H. D. Rogers ( W. M. 

Davis, '83, p. 281, 1)1. 9). 
Silurian limestone in Triassic rocks at (Cook, 

'83, ll- 26). 
Thickness of the Newark near (Frazer, '77a, 

p. 4!l9). 
Trap, contact metamorphism, etc ., ncar, de

scription of (H. D. Rogers, '40, pp. 153-154). 
Trap dikes near, description of (H. D. Rogers, 

'58, vol. 2, p. 685). 
Trap hills near (Lesley, '85, p. :xxix). 

Newington, Conn. Sandstone quarries nt>ar (Sha
ler, '84, p. 127). 

New Jersey. Age of the Newark rocks of (Mar
cou, '58, pp. 11, 13-16, 65. W. C. Redfield, 
'51). 
Indicated by fossil fishes (W. C. Redfield, 

'43a. Redfield, '56, pp. 180-181). 
Note in reference to (Dawson, '58). 
Remarks on, (Newberry, '85. H. D. 

Rogers, '43b). 
Albite in sandstone from (.J.D. Dana, '71b). 
Analysis of sandstone from (Schweitzer, '71). 

Note on the (Wmtz, '72). 
Ana.lpds of trap from (Hawes, '75). 
Arkose near Hoboken, possible origin of the 

(D. S. Martin, '83). 
Artesian wells in (Cook, '80. Ward, '79). 
noundaries of Newark system in (Cook, '65. 

Cook, '73. Cook, 'S!l, }). 11). 

Briefly described (Nason, '89, p. 16). 
Building stone from, •alue of (Alger, '51). 

Reference to (Russell, '80, Jl. 35). 
Calcite from J~ergen bill (vom Rath, '77). 
Catalogue of specimens for the Centennial Ex· 

hibition (Cook, '76). 
Character of lbe Newark system in (Cook, 

'88). 
Columnar trap at Orange (Cook, '84, pp. 23-28). 

.A popular description of (Heilprin, '84). 
Description of (Iddings, '86). 

Contact metamorphism at Rocky l1ill (.J. D. 
Dana, '43, pp. 113-114). 

Copper mines of (Cook, '74, pp. 56-57). 
Copper mine at Flemington, N . .J., report on 

a (E. and C. H. Hitchcock, '59). 
Copper ore in (Cook, '71, pp. 55-57. Cook, '73. 

Cook, '81, pp. 39-40). 
Brief account of (Cook, '71, pp. 55, 57). 
Detailed account of (H. D. Rogers, '40, 

pp.158-165). 
Mention of (Cook, '73, Jlp. 98-99). 

• Datholite from Bergen hill (E. S. Dana, '72). 
Ditl"erence between tho trap of Bergen bill 

and the associated sandstone (Newberry, 
'83). 

Dips in, general (.J.D. Dana, '75, p. 419). 
Hypothesis accountiug for (Bradley, '70). 
Reference to (D. S. Martin, '76, p.120). 

Disintegrated sandstone at New Durham, de
scription of an exposure of (Darton, '83). 

Former connection of the Newark sandstone 
in with the similar formation in the Con
JJecticut Yalley (Bradley, '76, p. 289). 

Fossil fish, footprints, raindrop impression!!, 
etc., at Pompton (W. C. Redfield, '43) . 

Fossil fishes and footprints at WeehawkeB 
(Gratacap, '86). 

Fossil fishes and fossil plant.s from, descrip
tion of (Newberry, '88). 

Fossil fishes from, description of (Egerton, '49. 
W. C. Redfield, '41). 

Description of new, from noonton (New-
berry, '78). 

List of (Do Kay, '42). 
Note on (W. C. Redfield, '39). 
Note on the discovery of (Silliman, '39). 
Record of the finding of, at Weehawken 

(Britton, '85). 
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New Jersey-Continued. 
Fossil fishes from, remarks on (Emmons, '&7, 

p. 142. W. C. Redfield, '42). 
Fossil footprini, localities in, list of (C. H. 

Hitchcock, '88, pp.122--123). 
:Fossil footprint near Boonton, brief record of 

the finding of a (Russell, '79). 
Fossil footprints and plants from Milford, list 

of (see Eyerman, '89). 
Fossil footprints and raindrop impressions in, 

brief reference to (W. C. Redfield, '43a). 
Fossil footprin1 s at Pompton, referen~;e to 

the discovery of (E. Hitchcock, '43a, p. 
255). 

:Fosl5il footprints at Pompton andl'rincetOII, 
brief statement concen1ing the occur
rence of (Lea, '53, p. 185). 

:Fossil footprints from, remarks on (CO})e, '69, 
Jl. 242). 

:Fossil footprints foniHl near Milford, brief 
description of (Eyerman, '86). 

Fossil fucoicl from Milford, description of a 
(Lewis, '80/J). 

Fo&sil localities, artesian wells, etc. (Cook, 
'85) . 

Fossil plants from, remarks on (Newberry, '85). 
Fossil raindrop impressions at Newark (W. 

C. Redfield, '42. Lyell, '51, pp. 2.38, 242--
24·t}. 
From Pompton, description of (W. C. Red · 

field, '51a). 
Fossil reptile from (Cope, '68, p. 733). 
.Fossil ripple-marks and raindrop impressions, 

brief account of, at Newark (Lyell, '43, pp. 
39- 40). 

]fossils from, description aml illuf;tration of 
(Newberry, '88). 

Geological map of (Cook, '86). 
Geological map of New York City :Hul Yicin

ity (D. S. Martin, '88). 
Geological maps of, small (Putnam, '86b, pp. 

146, 150). 
Geology of Hudson count;y (Russell, '80). 
Geology of the Newark region in, general ac

count of the (Pierce, '20). 
Hayesine from Bergen hill, description of 

(Darton, '82a). 
Hunterdon Copper Company's property, re-

port on the (Dickeson, '59). · 
Hydrocarbon in the trap of the first Newark 

mountain (Russell, '78b). 
Ichthyolites from Red sandstone of, mention 

of (W. C. Uedfield, '42). 
Limestone outcrops along the northward bor

der of the Newark rocks of, remark on a 
line of (Britton, '85a). 

List of railroad stations on the Newark in 
(Macfarlane, '79, pp. 89-92). 

Microscopical character of building stones 
from (G. P. Merrill, '84, pp. 24, 26, pl. 8). 

Minerals obtained near New Brunswick (Beck, 
'39). 

Minerals of SruJJmerville copper mine (Torrey, 
'22). 

Minerals of the Weehawken tum~cl (Cham
berlin, '83. Partoy, '82), 

New Jersey-Continued. 
Monoclinal dip of t.be Newark rocks of, a 

reference to the cause of the (W. :M. Da
vis, '86). 

Native iron in trap from (Cook, '74, pp. 56-57). 
Native silver in, on the occurrence of (Dar

ton, '85). 
Newark belt in defined (Fontaine, '79, pp. 26, 

31-33). 
Newark, a brief study of the stratigraphy of 

nvalling, '78, pp. 195-197). 
Newark in, description of the northwest boun

dary of (Kitchell, '56, pp. 144, 145). 
Newark, an extended account of the (Cook, 

'82). 
Newark rocks of, on the former extent of (J. 

D. Dana, '79. D. S. Martin, '83. D. S. 
Martin, '85). 
Former extent of the (Russell, '80a). 
General description of (Cook, '79, pp. 18-

35). 
Separate origin of the (H. D. Hogers, '42) . 
In Hunterdon county (Cook, '64, pp. 6-7). 

Newark system in, brief description of (Con
rad, '39. Emmons, '57, pp. 3, 7-9. E. 
Hitchcock, '56. Lyell, '54. Macfarlane, 
'79, p. 68. H. D. Rogers, '58, vol. 2-, pp. 
759-765. Russell, '78, p. 223. Russell, '80, 
p. 47). 

Newark system in, detailed account of the 
(Cook, '68). 

Discussion of the origin all!l former ex
tent (J.D. Dana, '83). 

Newark system in, former exteu t of the (Brit
ton, '81, p. 169). · 

N orthen1 geological map of, scale, 2 miles 
to 1 inch (Cook and Smock, '74) . 

Oolite at Franklin, Bergen county (Eaton, '30). 
Origin of the matedal forming the Newark 

rocks of (Cook, '87, p. 127). 
Origin of the prevailing (lip of the Newark 

sandstones and shales (Russell, '78, p. 229). 
Origin of the Ue£1 sandstones of (Newberry, 

'70). . 

Palisade region of, general account of (.Akerly, 
'20). 

Palisades trap, origin of (Wurtz, '70). 
Relations of the traps of (Darton, '90). 
Report on the geological survey of the State 

(H. D. Uogers, '36). 
Report on geology of (Cook, '83). 
Report on the Newark syf;tem in (Nason, '89). 
Report of progress in the study of theN ewark 

rocks of (Cook, '87). 
Rogers, H. D., cite!l on the "variegate(l cal

careous conglomerate" of (Lea, '53, p. 190). 
Sandstone quarries in (Cook, '81, pp. 42-64. 

Shaler, '84, pp. 141-144). 
Soils from shale and trap in (Cook, '78). 
Trap and sandstone along the Hudson, general 

description of (Cozzen, '43). 

Trap at Bergen hill (Credner, '65, pp. 392--394). 

Trap dikes and associated rocks of (Credner, 
70). 

Trap from Paterson to Pompton, brief aG
cou~~ l)f (Nqttalll '22, pp. ?39-241), 
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New Jersey-Continu<'d. 
Trap of the Palisades, on the composition of 

(J.D. Dana, '72). 
Trap ridp;es of, brief account of (Russell, '78, 

pp. 241-242). 
Observations on ('V. M. Davis, '82). 
Observation on the origin of (Darton, '89). 
Remark on the crescent. form of certain 

(H. D. Rogers, '43c). 
Crescent-shaped, of (Sillimau, '44). 
Topographic form of, remarks on the (Perci

val, '42, p. 311). 
Trap rocks in, brief account of (Emmons, '57, 

1>- 151). 
Brief remark on the origin of the (T. S. Hunt• 

'74). 

Detailed study of (Darton, '90). 
Origin of, reference to the Yolcanic (Cooper 

'22, pp. 239, 243). 
Trap rock quarries (G. P. Merrill, '89, pp. 435-

436. Shaler, '84, pp. 145-146). 
Trap sheets of, on the intrusive nature of the 

Triassic (Russell, '78a). 
Origin of the (W. M. Davis, '82a). 

Unconformity between the Newark and the 
Potomac in (McGee, '88, p. 135). 

Unconformity of the Newark system and the 
Cretaceous in (Cook and S~ock, '78). 

'Vell bored for New Jersey Oil Co. near New
ark (Nason, '89b). 

New Jersey, sections. (Cook, '65, p.21. Cook, '68, 
in portfolio. Cook, '68, p. 40. Cook, '80, 
frontispiece. Cook and Smock, '78, p. 25. 
Nason, '89, pp. 20, 22-24. H. D. Rogers, 
'36, pl. H. D. Rogers. '40, pl. 1). 

.After \Y. W. Mather (W.M.Davis, '83, p. 281, 
I>L !J). 

.Arlington (Darton, '90, pp. 57, 58). 
Bergen hill, through (Credner, '65, pl. 13). 
Bernardsville station (Darton, '90, p. 24). 
Black wells Mills (Cook, '68, I>· 204). 
Bloomsburg to Dean's pon(l (Cook, '68, p.199, 

and in portfolio). 
Boonton to Passaic (Cook, '68, 1>- 199, aml in 

portfolio). 
Da.y's point, showing junction of trap, with 

sedimentary rocks beneath (Russell, '80, 
p. 47). 

East Millstone, near (Darton, '90, Jl. 69). 
Egg Harbor to lake Ontario (J. Hall, '43). 
Feltville (Darton, '90, p. 26). 
Garret rock, showing fault (Darton, '90, p. 23). 
Granton trap mass (Darton, '90, p. 54) . 
Great swamp to Plainfield (Cook, '68, p. 1!J9, 

and in portfolio). 
Greensburg, near (Cook, '81, p. 56). 
Guttenburg (Darton, '90, p. 47). 
Ideal of the Newark system in (Davis and 

Wood, '89, pp. 388, 394). 
Jersey City to Boonton (Cook, '85, pl. op. p. 

109). 
Lambertville, near. .After G. H. Cook (W. 

· M. Davis, '83, p. 281, pl. 9). 
Lamington (Darton, '90, p. 35). 

Little Falls, showing lower contact of trap 
sheet (Darton, '90, p. 31) . 
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~ew Jersey, sections-Continued. 
Long Hill to Boundbrook (Cook, '68, p. 199, 

amlin portfolio). 
Martin's dock (Cook, '68, p. 202. Darton, '90, 

p. 65. W. M. Davis, '83, p. 309, pl. 11). 
Morri:; bill (Cook, '68, p. 203). 
Morris Plains to Jersey City"(Cook, '68, p.199, 

and in portfolio). 
Neshanic Station, near (Darton, '90, p. 67). 
Newark (Cook, '81, pp. 48-49). 

In quarry near (Shaler, '84, p. 142). 
Rocks exposed in quarries at (Finch, '26, 

pp. 209-211). 
Newark all(l New York bays, across (Cook, '68' 

p. 231). 
Newark meadows (Cook, '68, p. 232). 
Newark mountains, across. .After H. D. 

Roger:-; (W. M. Davis, '83, p. 281, pl. 9). 
To Br-ooklyn heights, N.Y. (Co.ok, '68, pp. 

230, 324). 
Palisades (Cook, '68, p. 200. Darton, '90. Em

mons, '46, p. 200. Gray aml .Adams, '60, 
p. 242. Mather, '43, pl. 34). 

.After Cook (W. M. Davis, '83, p. 281, pl. 9). 

.After Mather (W.M. Davis, '83, p. 281, pl. 9). 
From Jersey City to Fort Lee (Cozzens, '43, 

pl. 2). 
Opposite New York (Cozzens, '43, pl. 3). 
Slaughter's landing. .After Emmons (W. 

llf. Davis, '83, p. 281, pl. 9). 
Paterson (Dart011, '90, p. 18. W. M. Davis, 

'83, 1). 309, pl. 11. Shaler, 84, p. 143). 
Point Pleasant (W. M. Davis, '83, p.309,pl.11). 
Pompton lake, n ear (Darton, '90, p. 25). 
Rahway to Deal (Cook, '68, 1). 242). 
Riegelsville to Trenton (Cook, '68, p. I!J9, and 

in })Ortfolio). 
Rocky Hill (Darton, '90, p. 59) . 
Samly Hook to near Newburg, N.Y. (.Akerly, 

'20). 
Sergeantsville, faulted heds near (Cook, '89, p. 

14). 
Showing unconformity between the Newark 

system anrl the Cretaceous (Cook and 
Smock, '78, p. 171). 

Snake bill trap (Darton, 'UO, p. 55a). 
Somerville, brecciated below trap near (Dar-

ton, '90, p. 29). 
Sourland mountain (Darton, '90, pp. 91, 92). 
Titusville to Stockton (Darton, '90, p. 61). 
Union hill trap (Darton, '90, p. 53). 
Watchung mountains, across (Cook, '83, p. 

166, anrl plate). 
Trap sheets (Darton; '90). 

·weehawken. Palisade trap at. .After I. C. 
Russell (W. M. Davis, '83, p. 281, pl. 9). 

Showing junction of trap and sandstone at 
(W. JtL Davis, '83, p. 309, pl. 11). 

Trap and sandstone beneath (Dartou, '90, 
p. 116, J>l. 5. Russell, '80, p. 39). 

Westville, trap sheet near <I!arton, '90, p. 66). 

Westwood antl Hohokus, faulted bedB be. 
tween (Cook, '89, p.14). 

New Jersey and Connecticut v:tlley. Sections, 
hypothetical, of, after I. C. Rus~ell (W, 
]d, P~v}!'l, '831 P· ~§~1 pl. 9), 
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New Jersey aml Connecticut valley-Continued. 
Sections, ideal, sl10wing the opposite dips of 

the Newark of (Russell, '78, p. 230). 

New Jersey to Connecticut valley. Section show
ing former connection of Newark areas 
(Le Conte, '82, 11. 600). ' 

New J~omlon, P. E. I. Analysis of limestone 
from (Daw;;on and Harrb1gton, '71, p. 41). 

Discovery and geolog-ical age of Bathygnathus 
bo1·ealis from (Dawson, '54a). 

Discovery of Bathygnatlms borealis at (Daw
son, '53. Dawson and Harrington, '71, p. 
16. Ells, '84, p. 19E. Owen, ' 'i"G, p. 361). 

Fossil reptile from (Dawson, '78, p. 119). 
Triassic beds, so called, near (l3ain and Daw

son, '85, p. 155). 

Newmarket, N.J. Dip at (Cook, '68, p. 197). 

Newmarket, Va. BoundaryofNewarknear(Hein
rich, '78, p. 236. W. B. Rogers, '40, p.62). 

New Prospect, Pa. Trap dike near (Lewis, '85, p. 
448). 

New Providence, N.J. Abamlonedquarries near 
(Cook, '81, p. 55). 

Black shale, with plant remains near (Nason, 
'89, p. 28). 

Boundary of Second mountain trap near 
(Cook, '68, p. 184). 

Sandstone quarry near (Cook, '79, p. 23). 
New Richmond bay, P. E. I. Trap (Ells, '84, p. 

18E). 
New Salem, Pa. Calcareous conglomerate from 

(C. E. Hall, '78, p. 68). 
Trap dikes ncar (Frazer, '76, p. 05). 

Ne,vton, N.J • .Analysisoflimestonefrom (Cook, 
'68, p. 516). 

Newton, Pa. Sandstone quarries at (Shaler, '84, 
p. 157). 

New Vernon, N. J. .Altered shale near (H. D. 
Rogers, '40, 11. 133). 

Dip in shale at (Cook, '82, 11. 30. H. D. Rogers, 
'40, p. 133). 

Dip near (Cook, '68, p. 106. Cook, '68, p. 108. 
Cook, '68, p.199). 

Diverse dips near (Nason, '89, 11. 19). 
Fossil footprints from (Cook, '85, p. 95). 
Origin of trap near (Darton, '80, p. 137). 
Trap hill near (Cook, '68, p. 188). 
Trap outcrop at (Cook, '82, p. 10). 

New Vernon trap ridge, N. J. Description of 
(Cook, '82, pp. 57-fi8). 

New Vernon tra11 sheet, N. J. Description of 
(Darton, '90, pp. 34-35). 

New York. Building stone of the Newark BJ'S · 

tern in, l1rief report on the (J. Hall, '86, p. 
198). 

Geological map of (Pntnam, '86a). 
Geology of Rockland county, brief account of 

(Lincklaen, '61). 
Newark rocks in, brief description of (Con

rad, '39. Emmons, '46. Macfarlane, '79, 
p. 68) .. 

Near Stony Point, brief note on (J. D. Dana, 
'80-'81, vol. 22, p. 113). 

Brief note on the presence of (De Kay, '42, 
p. 385). 

Briefreferenc~ to (J. Hall, '43). 

New York-Continued. 
Newark sandstones in, brief theoretical con

sideration relating to mode of forma
tion of (Mather, '45, p. 14). 

Newark region in, general account of tl1e geol• 
ogy of (Pierce, '20). 

Newark rocks of Staten island, description 
of the (Britton, '81). 

PaliAade ·r egion, general account of (.Akerly, 
'20). 

Railroad stations on theN ewark formation in 
list of (Macfarlane, '79, pp. 67-88). ' 

Refl sandstone and conglomerate of, an ac
count of (Mather, '43, pp. 285-294). 

Report on the geology of (Cook, '79). 
Sandstone and trap of Richmond and Rock

land counties, an acco.nt of the (Mather, 
'39). 

Sections of, after W. W. Mather (W. M. Davis, 
'83, p. 281, pl. 9). 

Haverstraw, near (Mather, 43, pl. 5). 
Rockland county (Matl1er, '43, pl. 45). 
Staten islaml \Cozzens, '43, pl. 4. Brit-

ton, '81, pl. 16). 
Venlrieije hook, near, sandstone with dike 

beneath tra11 (Mather, '43, pl. 5). 
Trap dikes of Staten island, brief r eference to 

the (Chamberlin, '87). 
Trap ridges of, the topographic form of, re

marks on (Percival, '42, p. 311). 
Trap rocks of, detailed study of, the (Darton, 

'90). 
An account of the (Mather, '43, pp. 278-

283). 
Trap sandstone, etc ., of Rockland and Rich

mom] counties, report on (Mather, '43). 

New York, southern, and New Jersey, northern. 
Sections across. After IV. Vt. Mather 
(W. M. Davis, '83, p . 281, pl. !J). 

Nictnnre, N. S. Iron ores at (Alger, '27, pp. 229, 
330). 

1\"ock:unixon cliffs, Pa. Brief account of (E:. D. 
Rogers, '40, p. 124). 

Character of strata near (H. D. Rogers, '58, 
vol. 2, p. 674). 

Conglomerate of (Cook, '68. p. 209). 
Description of (H. D. Rogers, '36, p.152). 
Dip in sandstone at (Cook, '82, p. 27). 

Nock:tmixon swamJl, Pn. Metamorphism near 
(H. D. Rogers, '58, vol. 2, p. 686). 

Nolan's ferry, Va. Boundary of Newark near 
(Heinrich, '78, p. 235. W. B. Rogers, '40, 
p. 61). 

Nonisto"n, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. 668). 

Cha.racter of strata at (H. D. Rogers, '58, vol. 
2, p. 672). 

Dip of the Newark system at, remarks on 
(Frazer, '75c). 

Sandston quarries at (Shaler, '84, p. 157). 
Unconformity at the base of the Newark near 

(Lesley, '83, p. 132). 
North BelleYille, N. J. Building stone near 

(Cook, '68, pp. 506- 507). 
Dip in sandstone at (Cook, '82, p. 24). 
Fault at (Cook, '82, p. 16 and pl. 3). 
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North Belleville, N. J.-Continued. 

Quarries at (Shaler, '84, p. 141). 
Sandstone quarries at (Cook, '79, p. 22). 

North Branch, N.J. Dip in shale near (Cook, 
'79, p. 30). 

North Branford, Conn. Description of trap ridges 
near (Hovey, 'Sf!, p. 365. Percival, '42, p. 
336). 

Topographic form of trap ridge near (Perci
val, '42, p. 303) . 

North Carolina. (Kerr, '75). 
.Age of the coal-bearing rocks of (Stevens, 

'61). 
.As shown by specimens of lignite (W. B. 

Rogers, '55a). 
Dif~eussion of (Emmons, '57b, pp. 79-80. 

Lesquereux, '76, p. 283). 
Indicated by fossil fishes (W. C. Redfield, 

'56, pp. 180-181) . 
Note in reference to (Dawson, '58). 
Remarks on Newberry, '85). 

.Analysis of coal from (Battle, '86). 

.Analysis of water from bored well at Durham 
(Venable, '87). 

Brief account of Chat bam series in (Emmons, 
'57, pp. 19-20). 

Coal fields of (Macfarlane, '77). 
Brief account of (Daddow and Bannan, '66, 

pp. 403-406. LeConte, '82, pp. 457-459). 
Brief description of (McLenahan, '52. Pat

ton , '88, Jlp. 23-25. H. D. Rogers, '58, vol. 
2, p. 764. Williams, '85, p. 59). 

Detailed report on (Chance, '85). 
Comparison of rocks of, with those of the 

Connecticut valley, New Jersey, etc. 
(Emmons, '57, pp. 14-16) . 

Conglomerate at the base of the Newark, 
brief account of (Emmons, '57, pp. 19-21). 

Conglomerate in (Kerr, '75a). 
Dan river area, accoqnt of (Olmsted, '27). 
Deep river coal field, brief account of (Chance, 

'84. W. R. Johnson, '51a. Jackson, '56a. 
Lyell, '54, p. 12. Lyell, '66, p. 457). 

Description of (W. R . Johnson, '50, pp.161-
166). 

General account of in (Macfarlane, '77, pp. 
516, 528). 

Report on (Wilkes, '58). 
Deep river valley, special report on (Emmons, 

'57 a). 

Depth of artesian well at Durham (Venable, 
'87). 

Dip of sandstone in the Chatham series (Em
mons, '57, p. 22). 

Dip opposite, in Deep and Dan river, Newark 
areas of (Bradley, '76. Kerr, '75). 

Dip, prevailing, of the Newark in (W. B. 
Rogers, '42). 

Dips, general, in (J.D. Dana, '75, p. 419). 
Emmons, E., cited on fossil bird bone from 

(Mackie, '64). 
Former connection of the two Newark areas 

• in (Bradley, '76, p. 289). 
Fossil fish from, remarks on (E. Emmons, '~7, 

p.l42). 

North CarolinA-Continued. 
Fossil}llants from, compared with the older 

Mesozoic of Virginia (Fontaine, '83, pp. 
122-123). 

Compared with others from China, Mexico, 
and New Mexico (Newberry, '66). 

List of (Fontaine, '83, p. 101). 
Fossil reptiles from (Emmons, '57, pp. 145-147, 

pl. 8) . 
Description of (Cope, '69, pp. 10-11, 56--59). 
Observations on (Cope, '70. Cope, '73). 

Fossil vertebrates from, synopsis of (Cope, 
'75). 

Fossils, associated with coal in (H. D. Rogers, 
'58, vol. 2, p. 764). 

Fossils, mammalian, from, description of 
(Osborn, '86. Osborn, '86a. Osborn, '87) 

Geological maps of (Willis, '86, pls. op. pp. 
301, 302). 

Gold in Newark rocks, mention of the occur-
rence of (Mitchell, '27). 

Handbook of (McGehee, '83) . 
Iron ores of (Willis, '86, Jlp. 305-306) . 
List of railroad stations on theN ewark (Kerr, 

'79a). 
Mitchell cited on the trap rocks of (Lyell, '47, 

p. 273). 
Newark system in, condensed account of the 

(J.D. Dana, '75, pp. 405, 406). 
Newark areas of, brief account of (Emmons, 

'57, pp. 4, 7, 9, 11, 14, 16. Henderson, '85, 
p. 88. Olmstea.d, '20). 

.A discussion of its structure and former ex
tent (Kerr, '74). 

Brief a~count of the classification of the, in 
(Emmons, '58). 

Newark rock!<, brief U.iscussion of, in con
nection with other localities (W .. B. Rog
ers, '54). 

Newark system in, divisions of (Emmons, '57, 
pp. 13-14. Emmons, '57c). 

Generalized section of, together with a 
summary of results respecting their fauna 
and flora, etc. (Emmons, '57). 

Observations on (Kerr, '7Sa). 
Older Mesozoic flora of, general remarks and 

conclusions on (Fontaine, '83, pp. 121-128). 
Older Mesozoic flora of (Fontaine, '83, pp. 97-

128, Jlls. 4il- 57). 
OOlitic basin in, briefly described (H. D. Rog-

ers, '56, p. 32). 
Outlines of the geology of (Mitchell, '42). 
Physiographical description of (Kerr, '79). 
Quarries of Newark sandstone in (Shaler, '84, 

pp. 181-182). 
Reference to the opposite dips and former 

connection of the two main Newark areas 
of (Russell, 78, pp. 252-253). 

Remarks on an outlying area of Newark on 
Drowning creek (Mitchell, '29, p. 17). 

R~port on the coal lands of Deep river (W. R. 
Johnson, '51). 

Report on the geology of (Emmons, '5:?. Kerr, 
'75. Olmstead, '24). 

Report on the Midlanu counties of (Emmons, 
'56). 
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North Carolina-Continued. 
Report on the mineralogy of (Gentb antl Kerr, 

'81, pp. 82-83). 
Report of progress on geology of (Kerr, '66). 
Review of E. Emmons's geological report 011 

the Midland counties of (Dewey, '57). 
Sandstone in the gulf, thickness of (Emmons, 

'57, p. 22). 
Sandstone quan-ies of (G. P. Merrill, '89, pp. 

455-456). 

North Carolina, sections. (Emmons, '56, pp. 338-
342. Emmons, '57, p. 152, and plate. Em
mons , '57b, p. 76. Fontaine, '83, p. 100. 
Kerr, '79). 

Cape Fear and Deep rivers (W. R. Johnson, 
'51, map No.2). 

Coal-bearing rocks (Emmons, '52, pp.115-116). 
Dan river coal fieltl (Emmons, '52, p.144. Em

mons, '56, pp. 255, 260. Emmons, '57, p. 
12. Jones, '62, p. 89. Kerr, '75, map). 

Deep river coal field (Emmons, '52, pp. 120-
125. Emmons, '56, pp. 238-239. Jones, '62, 
pp. 89-90. Kerr, '75, map. Wilkes, '58, 
p. 4). 

Dennis bridge near (W. R. Jolmson, '51. p. 5). 
Dikes . .After Emmons (W. M. Davis, '83, p. 

281, pl. 9). 
Eagle bridge (Emmons, '52, p. 150). 
Egypt shaft (Chance, '85, p. 21. Emmons) '56, 

pp. 233-23!. Emmons, '57, pp. 31-32. Jack
son, '56a. Kerr, '75, p. 142. Wilkes, '58, 
pl.op.p.6). 

Evans' mills (Emmons, '56, p. 231). 
FarmYillo (Chance, '85, pp. 22,,.28-35). 
Gulf (Chance, '85, p. 41. Emmons, '57, p.152, 

and plate) . 
LeaksYille (Emmons, ':JG, pp. 257-258). 
Madison, near (Emmons, '56, p. 259). 
Sewell's millstone quarries (W. R. Johnson, 

'51, map No.5). 
Sliowing relation of Newark system in (Em-

mons, '57, p. 9). ... 
Taylor's, coal seams at (Cbance, '85, p. 40). 
"\Vade's coal mine 11ear Leaksville, coal-bear

ing shales at (Emmons, '52, p. 149). 
Statistical and descriptive account of (.Anony

mous, '69). 
Trap dikes in, decomposition of (Burbank, 

'73). 
Mention of, in (Brad~ey, '76). • 
Brief account of, in (Emmons, '57, p. 150). 

Various reports cited on the geology ot' (Hale, 
'83). 

NORTH CAUOLIXA LAND CO]IPANY. 1889. 
.A statistical and descriptive account of the 

several counties of the state of North 
Carolina. 

Raleigh, pp. 1-136. 
Contains a brief account of the coal lands of 

North Carolina, pp. 103-10f. • 

North Coventry, Pa. Newark ro~ks of (Frazer, '83, 
p. 220). 

Northfield, Conn. Trap dikes in (Frazer, '83. p. 
220.) 

Trap ridges near (Percival, ''!2, p. 346). 
Descriptio11 of (Percival, '42, p. 337). 

N orthfieJd, ltlass. Boundary of Newark near (E. 
Hitchcock, '58, p. 9). 

Coarse conglomerate in, reference to (C. H. 
Hitchcock, '77a, p. 446). 

Columnar trap 11ear (E. Hitchcock, '23, vol. 6, 
})p. 53, 55). 

Limestone in, reference to (E. Hitchcock, '35, 
p. 218). 

Newark area at, north end of (Percival, '42, 
p. 426). 

Newark at, north terminus of (.A. Smith, '32, 
}). 219). 

Newark rocks of, character and mode of for· 
mation of (Jackson, '41). 

Trap in, brief acconnt of (E. Hitchcock, '23, 
vol. 6, p. 44). 

Trap near, brief account of (E. Hitchcock, 
'23, vol. 6, pp. 46, 49). 

Unconformity at base of Newark (Jackson, 
'56b, p. 184). 

Northfield, N. J. Trap hill near (Cook, '68, pp. 
185, 186). 

Northford, Conn. Fethl limestone in, reference 
to (E. Hitchcock, '41, p. 444). 

Limestone near, description of (Percival, '42, 
p. 316). 

Trap ridges near, description of (Percival, '42, 
pp. 336, 342-343). 

Trap ridge near, topographic form of (Perci
val, '42, p. 304). 

North Guilford, Conn. Conglomerate in (Perci
val, '42, p. 427). 

Trap ridges near, description of (Percival, '42, 
pp. 336, 338). 

North Hamden, Conn. Contact metamorphism in 
(Percival, '42, J). 436). 

Contact phenomena near (Percival, '42, pp. 
429-430). 

Northampton, lllass. .Artesian well at (Emerson, 
'87, p. 19). 

J3rief account of a visit to (Lyell, '45, vol.1, p. 
252). 

Fossil footprints at (E. Hitchcock, '58, pp. 50 
et seq.) . 

Fossil footprints found at, remarks on (E. 
Hitchcock, '45c, pp. 62-65). 

Fossil footprints from, description of (E. 
Hitchcock, '36, pp. 317-325. E. Hitchcock, 
'41, pp. 478-501. E. Hitchcock, '48). 

Special cbaracterof(E. Hitchcock, '41, p.469). 
FosRil footprints in, localities of (E. Hitchcock, 

'41, p. 465). 
Plant impressions observed in (E. Hitchcock, 

'41, p. 450) . 
Remarks on trap-tuff or tnfaceous conglomer· 

ate at (E. ·Hitchcock, '44e, p. 7). 
North Haven, Conn. Description of trap ridges 

near (Percival, '42, pp. 401-403). 
North mountains, N. S. Contact of trap with 

sandstone beneath (Ells, '85, p. 7E). 
Description of (Dawson, '47, p. 55. Dawson, 

'78, p. 90. Gesner. '36, llp. 226-229. Jack
son aml Alger, '33, p. 220). 

Iron ore at (Harrington, '74, p. 207). 
Iron ores in, brief account (Alger, '27, p. 330). 
Rocks of (Gesner, '36, pp.170, 224). · 
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North JllOuntains, N. S.-Continuecl. 
Sandstone beneath trap at (Gesner, '36, p. 72). 
Trap of (Chapman, '78, p. 110, 111-112). 
I'rappean overflow (Chapman, '78, pp.llO, 111-

113). 
(See Blomiclon.) 

North Ormtge, Conn. Description of trap dikes 
in Primary rocks neal· (Percival, '42, p. 
414). 

North Plainfield, N.J. Shale between l!'irst and 
Second mountains near (H. D. Rogers, '40, 
ll· 134). 

North river, N. S. Description of Newark rocks 
near (Ells, '85, p. 7E). 

North Rockaway, N.J. Dip in shale near (Cook, 
'82, p. 28). 

North sugar loaf mountain, M:1ss. Section of 
(Walling, '78, pl. op. p. 192). 

Not·th valley hill, Pa. Newark rocks in contact 
with limestone area ncar (Lewis, 'BOa). 

Trap dike near, description of (l<'razer, '80, p. 
30). 

North Wilbraham, lllass. Dip and strike of rocks 
in (E. Hitchcock, '41, p. 448). 

Norwood colll ~nine, Va. No1es on (Taylor, '35, 
p. 284). 

Norwottock, lllass. Section across Connecticut 
valley at (E. Hitchcock, '58, pl. 3). 

Section through (Walling, '78, pl. op. p. 192). 
Study of clips near (Walling, '78, p. 192). 

Notch mountain, Conn. Anterior trap ridges of 
(Davis and Whittle, '89, p. 109). 

Small map of 11ortion of (Davis :uul Whittle, 
'89, pl. 2). . 

Nott'R coal mine, Va. Analysis of coal from 
(M:acfarlane, '77, p. 515). 

Nottingham, Pa. Trap dike near (Lewis, '85, p. 
4.48). 

Nowlan's, Va. Boundary of the Newark near (W. 
B. Rogers, '3!l, p. 75). 

Nova Scotia. .Age of the Newark rock in, remark 
on the (H. D. Roger8, '58, vol. 2, p. 693). 

Age of the Newark system in, note in refer
ence to the (Dawson, '58). 

Amygdaloid minerals of (.Jackson, '59a). 
Amygdaloid on the east shore of the bay 

Fundy, brief account of (Honeyman, '88). 
Catalogue of mineral localities in (Marsh, '63). 
Copper ore in (Howe, '69). 
Dip of the Reel sandstone in, brief account 

(H. D. Rogers, '58, vol. 2, p. 761). 
Geological map of, scale 3 miles to 1 inch 

(Dawson, '78, 1st eel., map). 
Geological map of, scale 40 miles to 1 inch, 

(Gesner, '36). 
Geological map of, with accompanying mem

oirs (Gesner, '43). 
Geological map of (.Jackson and Alger, '33 . 

Logan, '65, map No.1). 
Geology and mineralogy of (.Jackson anrl 

.Alger, '33). • 
Remarks on the (Ges_ner, '36). 

Geology of, notes on (Alger, '27). 
Gmelinite f1·om , description of (Howe, '76). 
Ideal section through the basin of Minas 

(See Hartt, '67, p. 2.!3). 

Nova Scotia-Continued. 
Iron ore of (Harrington, '74, pp. 207, 219). 
.Joints in trap of, remark on (Jackson, '41a). 
Manganese in (Gilpin, '85). • 
Mineralogical paper relating to (Marsh, '67). 
Mineralogy of (Howe, '69). 
Mineralogy of the trap rocks of (Howe, '75). 
Minerals found in, account of (Emmons, '36, 

p. 345-351). 
Minerals of (Willimott, '84). 
Native copper from the bay of Fundy, refer

ence to (Gilpin, '77, p. 749). 
Newark rocks in, brief account of (Chapman, 

'76, 11p. 82--83. Dawson, '56, pp. 20-21. 
Hull, '87, p. 86. M'Kay, '66. H. D. Rog
ers, '58, vol. 2, p. 759-765). 

Antigonish county (Honeyman, '67, pp. 108, 
118). 

Brief reference to (Macfarlane, '85, p. 56). 
Description of (Ells, '84, p. 12E. ·Ells, '85, 

pp. 6-7E. Dawson, '78). 
Former extent of (Dawson, '78, pp. 86-87). 
Kings county, general account of (Honey-

man, '79, pp. 27-28). 
Mode of deposition of (Dawson, '78, p. 111). 
Mode of formation of (Dawson, '78, p. 93). 
-Near Truro (Honeyman, 'H, pp. 345-346). 
On Five islands, Great village, etc. (Honey-

man, '78). 
Summary concerning (Chapman, '78, pp. 22, 

106, 110-112). 
PetrogTaphic comparison of certain rocks in 

(Honeyman, 83). 
Petrography of trap frflm (general acc.aunt of 

(Honeyman, '85, pp. 122-124). 
Section, basin of Minas, through (Hartt, '67, 

.P· 243). 
Blomidon, Lyell, '45, vol. 2, p. 172). 
Blomidon and HOiton, between (Dawson, 

'47, p. 56). 
Cobequid bay to Cobeqliicl mountains (Daw· 

son, '78, pl. op. p. 125). 
De Bert river, near (Dawson, '47, pl. 5). 
Great village river, near (Dawson, '78, pl. 

op. p. 125). 
Horton to cape Blomidon (Dawson, '78, pp. 

90-94). 
Minas basin, north shore of, after J. D. 

Dawson (W. M. Davis, '83, p. 281, }ll. 9). 
Partridge island (Dawson, '78, pl. op. p. 125). 
Petite river, east of (Dawson, '52, P• 298). 
Petite Tiver, mouth of, showing unconform· 

ity at base of Newark (Dawson, '52, p. 399. 
Dawson, '78, p. 89). 

Rocks of (Dawson, '78, pl. op. p. 20. .Jack
son and Alger, '33, map). 

Showing unconformities in (.J. \V. Dawson, 
'52). 

Swan creek, east of (Dawson, '78, p. 103). 
Two islands, opposite fDawson, '47, pl. 5). 

Snl>merged ledge along bay of Fundy, shore of 
(Perley, '52,}). 159). 

Trap iu, brief account of (Reaumont, '34, pp. 
247-2-t8). 

Trap of, brief account of (Chapman, '78, pp. 
110, 111-112. J~mmons, ';{6, p. 335). 

Brief reference>! to (Honeyman, '74a). 
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Nova Scotia-Continued. 
Topographic form of, remarks on the (Perci

val, '~2, pp. 311-312). 

NILES, W. H. - 1870. 
Some interesting phenomena observed in 

quarrying. 
In Boston Soc. Nat·. Hist., Proc., vol. 14, llp. 

80-87. 
Refers to Prof. John Johnson's observations 

on movements in the rocks at POJ·tlanll, 
Conn., ancl describes the condition of the 
quarries at that locality as seen during a 
subsequent visit. ~ .. 

NILES, W. H. 1873. 
On some expansions, movements, alHl ft·ac 

tures of rocks obsen·ed at Monson, :Mas
s[achnsetts]. 

In Am. Assoc. Allv. Sci., Proc., vol. 22, pp. 
156-103. 

Quotes observation" by ,J. Johnson on spon
taneous movements in rocks at Pot•tlantl, 
Conn. 

Nishisakawick creek, N •• J. Dip at (Cook, '68, p. 
198). 

Dip in shale at (Cook, '82, p. 27). 

Nissely't~ ntlll, Pa. Boundary of the Newark 
near (Frazer, '80, p. 35). 

NUTTALL, THOMAS. 1821. 
Observations on the geological structure of 

the valley of the Mississippi. 
In Philadelphia Acad. Nat. Sci. Jour., vol. 2, 

pt. 1, pp. 14-52~ 
Contains a brief account of the Richmond coal 

field, Va., pp. 35-37. 

NUTTALL, THO~IAS. 1822. 
Observations aml geological remarks on the 

minerals of Paterson ancl the valley of 
Sparta, in New Jersey. 

In Am. Jour. Sci., vol. 5, p. 239-248. 
Describes l1riefly the sandstone ancl trap be

tween Paterson and Pompton, N .• T., pp. 
219-241. 

NU'fT ALL, T. Cited as to the age of the coal fields 
of North Carolina (Emmons, '56, p. 271). 

Cited on fossil fishes from the Richmond coal 
fieltl, Va. (W. B. Rogers, '43, p. 300). 

Cited on fossil plants from the Richmond coal 
field, Va. (Taylor, '48, p. 46). 

Cited on the Richmond coal field, Ya. (Tay
lor, '35, p . 289). 

Nya(·k, N. Y. Dip and strike uear (Mather, '43, 
p. 617). 

Earth, charcoal, bones, etc., beneath Red sand
stone (Akerly, '20, pp. 36, 59-60). 

Quarries near (Mather, '43, p. 287). 
Sandstone quarries near (Mather, '39, llp. 125-

126). 
Suppose<l fossil bone found near, mention of 

(Mitchill, '28, p. 9). 
Trap near, outcrops of (Darton, '90, p. 38). 
Trap rock near, brief account of (Mather, '39, 

p. 117). 

Unconformity of trap and sandstone near 
Dar~on, '90, p . 48). 

Oak island, N. S. Dip of sandstone on (Dawson, 
'78, p. 92). 

Exposure of Newark sandstone at (Dawson. 
'47, p. 57). 

O;akland, N.J. Trap hill near (Cook, '82, pp. 48, 
49). 

Trap ridge near, course of (Nason, '89, p. 34). 

Oak mountain, Ga. Trap <likes in (Loughridge, 
'84, Jl. 279). 

Oil in North {:aroliua. Brief account of (Kerr, 
'li6, p. 46. N.C. Land Co., '69, p. 104). 

OJ,DHUI. Cit.ed on the age of the ldchmond 
coal 11eld, Va. (Hull, '81, p. 460). 

Oldham creek, N.J. BoundaryofFirstmountain 
trap near (Cook, '68, p. 181). 

Old Fuller it·on mine, Pa. Description of (d'Iuvil· 
liers, '86, pp. 1513-1514). 

01<1 Provost quarry, N.J. Dip in sandstone at 
(Cook, '82, p. 25). 

OMIS'fE.4.D, D. 1820. 
Red sandstone formation of North Carolina. 
In Am. Jour. Sci., vol. 2, pp.175-176. 
Mentions the character and extent of the 

Newark rocks between Chapel Hill and 
Raleigh, N.C., and also the discovtry of 
coal on Deep river, N.C. 

OJ,~IS1'EAD, DF.NISON. 1824:. 
Report on the geology of North Carolina, con

ducted nuder the direction of the Board 
of Agriculture. 

[Place of publication not given) pp. 1-44. 
Review in Am. Jour. Sci., 2d ser., vol.14, pp. 

226-251. 
Contains a brief, general account of the Deep 

river coal field. 

OUISTEAD, DENISON. 1827. 
Report on the geology of North Carolina, 1825. 
In papers on agricultural subjects, a.nd Pro

fessor Olmstead's report on the geology of 
North Carolina. Raleigh, pp. 85-142. 

Contains a brief account of the Dan river 
area; refers to the occurre11ce of building 
stone and coal, pp. 125-128. 

OLMSTEAD, D. Cite(l on the Deep river coal 
field, N. C. (W. K Johnson, '51, pp. 4-5). 

Cited on the extent of the Newark in North 
Carolina (Wilkes, '58, p. 2). 

Cited on trap dikes in North Carolina (W. M. 
Davis, '83, p. 293). 

Olmste1ul's utili, N. J. Dip of shale at (Cook, '79, 
p. 30). 

O'Neil's quarry, N. J. Boundary of Second 
mountain trap at (Cook, '68, p. 184). 

One·mile t'tm, N.J. Dip at (Cook, '68, p. 196). 
Onslow, N. S. Newar>.. rocks near (Marsters, '90). 
Ot·auge, N.J. Bored well and spring near, with 

analysis of water (Cook, '85, }Jp. 118-122). 
Bored well at (Cook, '84, pp. 132-135). 
Boundary of First mountain trap near (Cook, 

'68, pp. 180, 181). 
Columnar trap at (Cook, '84, pp. 23-28. Dar· 

ton, '90, p. 24). 
Columnar trap near, description of (Iddings, 

'86). 
Popular description of (Heilpriu, '84). 
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Orange, N. J.-Continued. 
Description of quarries at (Cook, 'Hl, pp. 50-

51). 
Dip in sandstone at (Cook, '82, p. 24). 
Samlstone quarries near (Shaler, '84, pp. 142-

143). 
Sanllstone quarry at (Cook, '79, p. 22). 
Tbickuess of ·watchung trap sheet near (Dar

ton, '90, p. 22). 
Trap rock quarries at (Cook, '79, p. 25. Cook, 

'81, p. 62). 
Yesiculru· trap near (Darton, '90, J). 28). 

Orange, Vn. Bound:uies of Newark near (Hein
rich, '78, pp. 23G- 237. W. B. Rogers, '40, 
p. 62). 

Orange county, N. C. An account of the Newark 
i'n (Mitchell, '42, pp. 130- 13-1). 

Orange county, Vn. Boundaries of the Newark 
in (W. B. Rogers, '40, p. 62). 

Brif'f account of samh;tone in (W. B. Rogers, 
'36, pp. 81, 82). 

Charact<>r of conglomerate in (W. B. Rogers, 
'39, p. 72). 

Newark area in (Heinrich, '78, }lp. 236-237). 
Orange mountain, N.J. Quarries of (Cook, '81, 

pp. G2-63). 
Quarries of trap rock at, mention of (G. P. 

Merrill, '89, p. 436). 

Sandstone quarries of (Shaler, '84, p. 142). 
Ore Hill, N. C. Iron ore at (Kerr, '75, pp. 230-

232). 
Orwell bay, P. E. I. Description of fossil wood 

from (Dawson, '54). 
Fucoids from (Daw:;on and Harrington, '71, 

p. 46). 
Section at (Dawson, '78ct, pp. 29, 31). 
Section near (Dawson and Harrington, '71, p. 

14). 
Thickness of the Newark at (Dawson, '78a, 

pp. 29, 31). 
Orwell point, P. E. I. See Gallows point. 

OSBORN, HENRY 1<'. 1886. 
Observations upon the upper Triassic mam

mals, Dromatherium and Microconodon. 
In Philadelphia Acad. Nat. Sci., Proc., Yol. 38, 

1887, pp. 359-363. 
Redescribes certain mammalian jaws, dis

covered by E. Emmans, in North Carolina, 
in 1857, antl n:uned by him Dromatherium. 
A study of these fossils, it is stated by 
the author, shows that they belong to two 
genera. A new genus, Microconodon, is 
proposed for the hitherto undescribed 
form. 

OSBORN, HENRY. 1886a. 
A new mammal from the American Triassic. 
In Science, vol. 8, p. 540. 
From a comparison of certain mammalian fos

sils collected by E. Emmons, a new genus 
termed Microcono<lon, is established in 
addition to Dromatherium, as determined 
by Emmons. 

OSBORN, llENUY F. ' 1887. 
The Triassic mammals, Dromatherium itJI(l 

Microconodon. 
In Am. Phil. Sci , Proc., vol. 2-i, ]Jp. 109-111, 

pl. op. p.llL 

OSBOUN, HENRY F.-Continued. 
Abstract in Am. Jour. Sci., 3d ser., vol. 34, p. 

72. 
Describes and illustrates the characteristics 

of the ger:era mentioned. 

OSBORN, HENRY F. 1887a. 
On the structure ancl classification of Meso· 

zoic mammals. 
In Philadelphia Acad. Nat. Sci., Proc. (vol. 

39], pp. 282-292. 
Heviewcd by E. D. Cope, in Am. Nat., vol. 23, 

1889, pp. 723- 724, pl. 1<1. 
Notice in Am. Jour. Sci.. 3d ser., vol. 36, p.390; 

and in Geol. Mag. (London], n. s., decade 
3, vol. 5, pp. 132-134. 

Abstract of a paper relating to the structure 
of I~ritish Mesozoic mammals, but treats 
of genera, families, etc., found in America. 

OSllOUN, S. Cited on Jurassic reptiles from 
high northern latitudes (Hull, '87, p. 95). 

Outer sandy cove, N. S. Dip at (Jackson and 
Alger, '33, pp. 229-231). 

Trap of (Jackson and Alger, '33, pp. 229-231). 
OWEN, IUCHARD. 1843. 

On the ornithiclmites [of the Connecticut val 
ley] ancl Dinornis [of New Zealand]. 

In Am. Jour. Sci., vol. 45, pp. 185-187. 
Contains general observations relating to the 

nature of the fossils in question. 
OWEN, RICHAUD. . 1859. 

Paleontology or a systematic summary of ex
tinct animals and their geological rela
tions. 

Euinburgh, 2d ed., pp. i-xvi, 1-463. 
Contains a brief account of the fossil foot

prints of the Connecticut valley, pp. 181-
182, 324-327. 

OWEN, [RICHARD]. 1876. 
Evidence of Theriouonts in Permian deposits, 

elsewhere than in South Africa. 
In London Geol. Soc., Quart . .Jour., vol. 32, 

pp. 352-363. 
Reviews Joseph Leidy's paper on Bathygna

th'us b01·eaUs, and states incidentally that 
the rocks in which the fossil occurred are 
probably Permian, pp. 359-362. 

OWEN, RICH.UW. 1883. 
The continental type or normal orography and 

geology of continents. 
In Am. Assoc. AdY. Sci., Proc., vol. 32, pp. 

256-260. 
Contains a brief reference to the ro~ks of the 

Newark system, p. 257. 
OWEN, R. Cited on bones of ]Jfegadactylw; 

polyze1us (E. Hitchcock, '65, p. ::!!) ) • 
Cited on characteristics of the footllrints of 

B1·ontozourn giganteum (E. Hitchcock, '60, 
pp. 149-150. I 

Cited on skin marks in fossil footpdnts 
(Lyell, '71, p. 362). 

Owl's bend, N. B. Newark rocks at (Mat
thew, '65, p. 123). 

Oxford, N. C. I'oundary of the Newark near 
(EIInllon,::, '56, p. 2ll. W. R. Johnson, 
'51, p. 4. Mitehell, '42, 11. 130. Olmstead, 
'24, p. 12. Wilkes, '58, p. 2). 



280 THE NEW ARK SYSTEM. (BULL. 86. 

Oxford, N. C.-Continued. 
Brief account of geology near (McLenahan, 

'52, p.169. Emmons, '57b, p. 77). 
Decomposition of trap dikes near (Burbank, 

'73, p. 151). 
Lignite near (Kerr, '75, p. 295). 

Oxford, Pa. Trap dike near (Lewis, '85, p. 447). 
Packanack mountain, N. J. Description of (Cook, 

'68, p. 185. Cook, '82, pp. 54-55' 
See Third Watchung mountain. 

PACKARD, A. S. 871. 
Remarks on Oatopterus g1·acilis at Sunderland, 

Mass. 
In Essex Inst. Bull., vol. 3, pp. 1-2. 
Brief abstract of remarks on a visit to vari

ous fossil localities in the Connecticut 
valley. 

Remarks on the character of Mormoluc;;ides 
(Palephemera). 

PACKARD, A. S. Cited on Mormolucoide~ ar
tieulatus (Scudder, '84, p. 431). 

Pacot's creek, N.J. Bearing of joints at (Cook, 
'68, p. 201). 

Paine 's hole, Conn. Deseription of trap riuges 
near (Percival, '42, pp. 400-402). 

Palisade mountain, N. J. Altered shale near 
(Cook, '83, p. 24). 

Analysis of soil fi·om (Cook, '78, pp. 37, 39). 
Bored wells on (Conk, '85, pp. 122-123). 
Course of (Cook, :82, p. 19). 
Dcscript.ion of (Cook, '68, pp. 176-178. Cook, 

'82, pp. 44-47). 
Description of rock of (Cook, '68, p.178). 
Dip in indurated shale on west slope of (Cook, 

'82, p. 24). 
Elevation of (Cook, '68, p. 176). 
Intrusive character of (Cook, '68, p. 176). 
QuaiTies on (Cook, '81, pp. 43-44. Cook, '8l,Jlp. 

60- 62). 
Sandstone on west slope of (Cook, '68, p. 208). 

Palisade mountains, New York aJlll New Jersey. 
General account of (Pierce, '20, pp. 181-
189). 

Palisade. Newark area defined (J.D. Dana, '75, 
pp. 404, 405). 

Position an<l brief description of (Fontaine, 
'83, pp. 5- 6). 

Palisatle range. Course of, descril>ed (Nason, '89, 
p.34). 

Palisatle tmp, New Jersey and New York. De
scription of (Darton, '90, pp. 37-53). 

Palisade trap ridge. General description of (Rus
sell, '78, Jl. 241). 

Palisade tr:l}l sl1eet. Origin of (Darton, '89, pp. 
137-138). 

Position of, in the Newark s_..,stem (Darton, 
'89, p. 139). 

Palisades, N.J.\ .Account of (Davis and Whittle, 
'89, Jlp. 106-107), 

Analysis of trap rock from (J.D. Dana, '73, 
vol. 6, p. 106). 

Arkose of (Cook, '82, p. B3). 
Building stone of' (Cook, '79, p. 19. Cook, '81, 

pp. 43-44). 
Columnar trap (Cook, '84, p. 27) . 
Conglomerate l>eneath (Cook, '68, p. 208) 

Palisades, N. J. -Continued. 
Contact metamorphism near, t·eference to 

(Cook, '87). 
Described briefly as a trap outcrop (H. D

Rogers, '36, p. 159). 
Description of, in Hudson county (Russell, 

'80). 
Dip at (Cook, 68, p. 195). 
Dip of sandstone beneath (H. D. Roger;;, '36, 

p.160). 
Exposures of stratifierl rocks l>enea.th (Rus

sell, '80, p. 40). 
IntrushTe origin of (W. M. Davis, '82). 
Junction of trap with sandstone in (Russell, 

'78a). 
Origin of, discussed (Wurtz, '70). 
Origin of the adjacent sandstone (Newberry, 

'70). 
Paving stone quarries at (Cook, 68, pp. 522-

523). 
Quarries of trap rock in (Cook, '81, pp. 60-61). 
Sandstone beneath (Cook, '82, p. 20). 
Sandstone beneath trap at., reference to (Finch 

'26, p. 211. H. D. Rogers, '40, p.145). 
Sandstone quarries of (Shaler, '84, p. 143). 
Section of (Cook, '68, p. 200). 
Section of, after G. H. Cook (W. M. Davis, '83, 

p. 281 , pl. 9). 
Section of at Weehawken, after I. C. Russell 

(W. M. Davis, '83, p. 281, pl. 9). 
Section of, opposite New York (Cozzens, '43, 

pl. 3). 
Slickensides and faults in (Nason, '89, p. 26). 
Trap at; thickness of (Cook '82, p. 46). 
Trap rock of (Cook, '79, ]l. 32). 

Compositionof(J. D. Dana, '72). 
Observations on the stratification of the 

(Martin, B. N., '70). 
Reference to the volcanic origin of the 

(Cooper, '22, Jl. 240). 
Trap rock quarries of (Cook, '79, p. 25). 
View of (Cook, '83, frontispiece). 

Palisatles, N.Y. Brief account of (Emmons, '42, 
pp. 16- 17. Emmons, '46, pp. 200-201. 
l,;incklaen , '61, p. 34). 

Contact metamorphism llcneath (Mather, '43, 
p. 285). 

Sect.ion at Slaughter's landing, after E. Em
mons (W. M. Davis, '83, p. 281, pl. 9). 

Section of dikes in sandstone under, after W. 
W. Mather (W. ·M. Davis, '83, p . 280, 
pl. 9). 

Strike section of (Mather, '43, pl. 34). 
Palisades, New York and New Jersey. Boundary 

oftheNewarkatbaseof (H. D. Rogers,'40, 
p.117). 

Brief account of (Macfarlane, '79, p. tiS. D. S. 
Martin, '88, p. 9. Mitchill, '28, pp. 2-10). 

Description of (Akerly, '20, pp. 27-28, 31-37, 
57, 59-67). 

Description of the geology of (W. M. Davis, 
'83, pp. 269-271). 

Elevations on the (Akerly, '20, p. 28). 
Palisades, New York ami Virginia. Area, extent 

of (Emmons, '57, p. 3). 
Palme.· station, Pa. Boundary of the Newark 

near (C. E. Hall, '81, p. 49). 
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· Pannel's bridge, Va. Boundary of Newark near 

(Heinrich, '78, }l. 238. w·. B. Rogers, '39, 
p. 75). 

Pannil's mill, Va. Dipat(W.B.Rogers, '39,p.80). 

Paoli, Pa. Trap dike near (Lewis, '85, p. 445). 
Papertown, P:l. Structure near (Frazer, '77, p. 

274). 
Parcilmuy, N.J. Characteranddipofstratanear 

(H. D. Rogers, '40, pp.l34-135). 
Parsbm·o, N. S. Rocks near (Jackson and Alger, 

'33. p. 280). 
Partapi11ue river, N. S. Trap near (Dawson, '78, 

p. 100). 
Partridge islan1I, N. S. Amygdaloid and tufa on 

(Dawson, '78, p. 106). 
Amygdaloid beneath trap on (Dawson, '78, p. 

106). 
Contortion of shale at (Emmons, '36, p. 336). 
Description of (Dawson, '78, pp. 105-106. Ges

ner, '36, pp. 242-249. Jackson and Alger, 
'33, pp. 268--272). 

Djp of sandstone at (Dawson, '47, p. 54). 
Exposures of Newark rocks at (Dawson, '47, 

p. 54). 
Mention of (Marsters, '90). 
Sandstone beneath trap at (Dawson, '47, p. 54). 
Sandstone beneath trap on (Dawson, '78, p. 

106). 
Section on (Dawson, '78, pl. op. p. 125). 
Specific gravity of trap rocks from (How, '75, 

vol. 1, Jl. 138). 
Tra}l rock at (Dawson, '47, p. 54). 
Trap above amygdaloid at (Gesner, '36, p. 244). 
View of' (Jackson and Alger, '33, pl. 3). 

·pa~kack, N.J. Dip in sandstone at (Cook, '82, p. 
24). 

Passaic, N.J. Brief account of rocks near (Pierce, 
'20, p. 192). 

Junction of trap aml sandstone at (Darton, 
'90, p. 30). 

Section from, to Boonton, N.J. (Cook, '68, p. 
199, and map in portfolio). 

Trap rock at, brief reference to the nature of 
(Cooper, '22, p. 240). 

Passaic falls, N.J. Columnar trap near (Cook, 
'68, pp. 202-203). 

Conglomerate near (Cook, '79, p. 18). 
Description of sandstone exposed near (H. D. 

Rogers, '40, p. 130). 
Junction of trap and sandst,one at (Rnssell, 

'78a). 
Sketch of trap aml sandstone at (W. M. Davis, 

'83, p. 309, pl. 11). 
Paterson,N.J. Artesian wellat(Cook, '79, p.128). 

Basal conglomerate beneath trap near (Darton, 
'89, p, 139). 

Bored well at (Cook, '82, pp. 143:_145). 
Bored wells at, with analysis of water (Cook, 

'85, pp. 115-117). 
Boundary of :First mountain trap near (Cook 

'us, J)p. 1so, 1s1, 182). · ' 
Boundary of Second mountain trap near (Cook 

'68, ll· 184). ' 
:Brief account of geology near (Nuttall, '22, lip. 

239-241. Pierce, '20, pp. 189-192). 

Paterson, N. J.-Continued. 
Brief account of the rock and minera.l near 

(J. H. Hunt, '90). 
Building stone at (Cook, '68, pp. 505-506). 
Character of the rocks in quarries near tNa

son, '89, p. 23). 
Columnar trap near (Cook, '68, pp. 202-203. 

Cook, '84, p. 27. Darton, '90, 11. 24). 

Conglomerate at (Cook, '79, pp. 18, 31). 
Conglomerate quarries near (Nason, '89, p. 40). 
Contact metamorphism at (H. D. Rogers, '36, 

pp. 1li0-161. H. D. Rogers, '40, p. 146). 
Contact of trap and sandstone near (Cook '82 

}l. 52). ' ' 
Contact of trap with samlstones beneatl1 (H. 

D. Rogers, '36, p. 160). 
Dip at (Cook, '68, p. 196). 
Dip in sandstone at (Cook, '79, p. 30). Cook, 

'82, p. 24. H. D. Rogers, '40, p. 130). 
Dip near (Cook, '68, p. 199). 
De!!cription of copper mines near (H. D. Rog· 

ers, '40, p. 160). 
Description of the geology near (\V. M. Davis, • 

'83, }lp. 272-274). 
Exposure of supposed basal conglomerate 

near (Darton, '90, p. 17). 
Fault near (Cook, '83, Jl. 25). 
Faulted trap near, sketch of (W. M. Davis, 

'83, p. 309, pl. 11). 

Gap in trap ridge at (Cook, '82, p. 49). 
Junction of trap and sanllstone at (Cook '82 

pp. 50-51. Darto11, '90, p. 30). ' ' 
Notch in First mountain near (Nason, '89, p. 

26). 
Plant remains in sn.ndstone near (Nason '89 

p. 28). ' ' 
Quarries at (Cook, '79, p. 20). 

Description of (Cook, '81, pp. 51-52). 
Mention of (G. P. Merrill, '89, p. 436). 

Sandstone beneath trap at, reference to (H. D. 
Rogers, '40, p: 145). 

Sandstone exposed near, description of (H. D. 
Rogers, '40, ]).130). 

Sandstone near, brief account of (H. D. Rogers, 
'40, p. 127). 

Description of (Cook, '68, p. 209). 
Sandstone quarries at (Cook, '79, 11. ~1. Sha· 

ler, '84, p. 143). 
Section at (Shaler, '84, p. 143). 
Section of trap, sandstone, etc., near (Cook, 

'68, pp. 202-203). 
Trap hills near, brief reference to (H. D. Rog

ers, '36, Jl. 159). 
Trap outcrop at, descri11tion of (H. D. Rogers, 

'40, p. 146). 
Trap rock quarries at (Cook, '79, p. 25). 
Trap rock at, me11tion of (Mitchill, '28, p. 10). 
Vesicular trap near (Darton, '90, p. 28). 

Patten burg, N.J. Boundary of Newark at (Coo~ 
'68, p.175. Cook, '89, p.ll. H. D. Rogers: 
'40, p. 118). 

Conglomerate near (Cook, '79, }J. 19. Cook, 
'82, p. 17). 

Dip adjacent to limestone area near (Nason 
'89, p. 19). • ' 
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Patten burg, N. J.-Continued. 
]'old!l near (Cook, '82, p. 17). 
Gneis!l bordering the Newark system near 

(Nason, '89, p. 16). 
Limestone at (Cook, '82, p. 43). 

PATTERSON, W. D. Stone quarry at Newark, 
N . .J., description of (Cook, '81, p. 49). 

PA'l''l'ON, JACOB HARRIS. 1888. 
Natural rmwnrcesoft.heUnited States. New 

York ancl London, pp i-xv, 1-523. 
Contains a bnef general account of the 

Riclpnond, Farmville, Deep ri1·er, and 
Dan river coal fields, pp. 22-25. 

Paug mountn.in, Uonu. Descri})tion of (Percival, 
'42, p. 3-!9). 

Fanlt near (W. M. Davis, '88, p. 473). 
Fossil fish near, mettt.ion of the occurrence of 

(Percival, '42, p. 446). 
Trap ridges near (PerciYal, '42, p. 348). 

Description of (Perchal , '42, })p. 341, 350, 
352, :!70-371). 

J>aving stones. (See trap.) 
Peabody llluseum, Y:tle Uollege. Collection of 

fossil fisltes in (Newberry, '88, p. 21). 
Peach Bottom, Pn • • Description of trap dike near 

(Frazer, '80, p. 31). 
Pend1 Bottom fe1·ry, I•n. Trap dikes at (Lesley, 

'll5, p. lxiv). 
Peapack, N.J. Boumlary of Newark near (Cook, 

'08, p. 175. Cook, '89, p. 11. H. D. Rog· 
ers, '40, p. 118). 

Conglomerate near (Cook, '79, p. 19. Cook, 
'82, p. 21). 

Contact, of Newark rocks and gneiss near (H. 
D. Rogers, '40, p. 16). 

Dip :mel char.'lcter of sandstone near (H. D. 
Rogers, 'JO, p. 128). 

Dip in conglomerate near (Cook, '82, p. 29). 
Dip in shale near (Cook, '82, p. 29) . 
Diverse dips near (~ason, '8!), p. 18). 
Gneiss bordering the Newark system near 

(Nason, '89, p. 16). 
Pe:trl knoll, Conn. Description of (Percival, '42, 

p. 372). 
Pebble bluff, N.J. Dip in conglomerate at (Cook, 

'82, p. 27). 
Dip of conglomerate at (Cook, '79, p. 29). 

PECKITT, L. Analysis of iron ore uy (cl'lnvil
liers, '83, pp. 348-3!B). 

Pelluun, 1\Iass. Description of trap dikes in 
Primary rocl>s in (Percival, '42, p. 426). 

Peneplain. Explanation of the term (W. M. 
Davis, '89c, p. 43G). 

P~n lllau, Pennsylv:utill mul Mnrylau«l. Trap clike 
near (Lewis, '85, p. 448). 

Penn point, P. E. I. Sternbergia from (Dawson 
· and Hanington, '71, p. 46). 

Pennington, N •• J. Dip near (Cook, '68, J). 197). 
Trap hills near, brief reference to (H. D. 

Rogers, '36, p. 159). 
Pennington motmtnin, N. J. Description of 

(Cook, '68, p. 190. Cook, '82, p. 60). 
Detailed description of (Darton, '90, pp. 59-61). 
Origin of trap of (Darton, '89, p. 138). 

Penn's neck, N. J. Boundary of Newark near 
(Cook, '68, p. 176). 

Penm;ylvauial. Age of certain iron ores in ('I'. S. 
Hunt, '76, p. 320). 

Analysis of trap and sandstone from (Geuth, 
'81). 

Annual report on, third (Rogers, '39, pp. 12, 
17, 18-23). 

Annual report on geology of, fifth (H. D. Rog· 
ers, '41). 

Bouudaries of the Newark systPm, briefly 
clescribecl (Lea, '58, p. 92). 

Brief account of having seen basalt in ('1'. P. 
Smith, '99). 

Catalogue of rocks from (C. E. Hall, '78). 
Cave near Port Kennerly, tlPscript.ion of 

(Wlwatley, '71). 
Conewago hills and Stony ridge, description 

of the (Gibson, '20). 
Copper ore at Bonnaughton, occmTClJCe of 

(Frazer, '77b). 
Connty maps, brief explanation of (Lesley, 

'85). 
Dip, etc., in Lehigh county, observations on 

(C. E. Hall, '83). ' 
Dip of the Red sandstone in, brief account of 

the (H. D. Rogers, '58, vol. 2, p. 762). 
Dips in, general (J.D. Dana, '75, 11. 419). 
Fault and trap dike n.ear Yarclleyville (Lewis, 

'82). 
Fossil bones and fossil plants at, finding of 

(Wheatley, ' Olct). 

Fossil fish scales at Yerkes station, record 
of tho finding of (Leifly, '76). 

:Fossil footprints and other fossils near Golds
boro, discoyery of (\Varmer, '89). 

Fossil footprintfl from, remarks on (Cope, '69, 
p. 242). 

Fossil reptiles from, description of (Cope, '69, 
pp. 25-21i, 56, 59-61, 122A, 169-175, 232). 

Observations on (Cope, '73, p. 210. Cope, 
'70) . 

Phcenixville, description of (Cope, '77). 
Fossil reptilian bones at upper Milford, on the 

finding of (Lea, '51, pp.171-172). 
Fossil reptilian remains from, description of 

(()ope, '77). 
Phrenix.ville, a study of {Co11e, '66). 

Fossil saurian from, description of (Lea, '53). 
:Fossil shell from, description of (Conrad, '69). 
Fossils found at Phrenixville, account of 

(Lewis, '84). 
List of (Jones, '62, pp. 93-97). 

Fossils vertebrate from (Cope, '85). 
Description of (Cope, '87). 
Remarks on (Leidy, '57). 

Geological map of (Putnam, '86c, pl. op.JJ.179). 
Adams county (Lesley and Frazer, '76). 
Cumberland county (Lesley, '80). 

Geology near West Clwster, brief account of 
(Finch, '28). 

Geology of York . county (Frazer, '75c. Fra· 
zer, '85). 

Iron ores and sandstonef! in the Newark sys
tem of, report on (d'Invilliers, '86). 

Iron ores near Dillsburg (Frazer, '76d). 
Isolated are~s of older strata in tho Newark 

of (Frazer, '77c). 
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Pennsylvania-Continued. 
Joints in trap dikes of, brief remark on (H. 

D. Rogers, '41a). • 
Lehigh county, notes on (Lesley, '75). 
Lignite from (W. B. Rogers, '55). 
List of railroacl stations on the Newark in 

(Macfarlane, '79, pp. 94- 108). 
Lithographs of saurian bones from Phrenix

ville (Wheatley, '65). 
Manner in which the Newark rocks of, were 

depositecl (Lesley, '64, pp. 438-480). 
Newark area in (Shaler, '84, p. 156). 
Newark area of Chester com1ty (Frazer, '83). 
Newark ores in (Frazer, '77c). 
Newark 1·ocks in, brief aceount of (E. Hitch

cock, '56. Lyell, '54. Prime, '75). 
Newark system in, condensell account of (H. 

D. Rogers, '58, vol. 2, pp. 667-671). 
Newark rocks of, description of the (Frazer 

'82). 
Extended account of (H. D. Rogers, '58). 
In connection with other localities, brief 

discussion of (W. B. Rogers, '54). 
Newark rocks near Philadelphia, description 

of (C. E. Hall, '81). 
Popular account of the (Lewis, '82a). 

Quarries of Newark limestone in (Shaler, '84, 
p. 156). 

Records of a bored well near Easton (Lesley, 
'91). 

Report on geology of Berks county (d'Invil-
liers, '83). 

Chester county (Lesley, '83). 
Lancaster county (Frazer, '80). 
Montgomery and Bucks counties (C. E. 

Hall, '81). 
Penn township (Frazer, 'SQ, p. 38). 
York and Adams counties (Frazer, '76). 
York, Adams, Cumberland, and Franklin 

counties (Frazer, '77). 
Report on laboratory work (McCreath, '81). 
Sandstone quarries in (Shaler, '84, pp.156-157). 
Second laboratory report (McCreath, '79). 
Sections, Adams county (Frazer, '77a). 

Atland shaft, York county (Frazer, '77, pl. 
op. p. 232). 

Beeler's crossroads, through (Frazer, '75, op. 
p . 94). 

Bridgeport, west of, to Bryn Mawr (C. E. 
Hall, '81, in pocket). 

Bridgeport to West Co~sbobocken (C. E. 
Hall, '81, in pocket). 

Bridgetown to Bridgewater (C. E. Hall, '81, 
in pocket). 

Bucks county (C. E. Hall, '81, p. 48). 
Cashtown to Gettysburg (Frazer, '77, pp. 

295-299, pl. op. ll· 298). 
Churchville to the Poquessing creek (C. E. 

Hall, '81, in pocket). 
Cold point to Banen bill (C. E. Hall, '81, in 

pocket). 
Cornwall, near, showing relation of the 

Newark and Primal slates (H. D. Rogers, 
'58, vol. 2, pp. 718-'119). 

Cornwall iron mines (Lesley and d'Invil
liers, '85, pp. 498, 506) . 

Dillsburg, near (Frazer, '76d). 

Pennsylvania-Continued. 
Dillsburg to Beeler's crossroads, Adams 

county (Frazer, '77, pp. 265-273, pl. op. p. 
264). 

Dreshertown to Waverly heights (C. E. 
Hall, '81, in pocket). 

Emigsville, tln·ough (Frazer, '76, op . p. 92). 
Franklintown to near Wellsville (E'razer, 

'77, pp. 271- 273, pl. op. p. 272) . 
Gettysburg, after P . Frazer; after H. D. 

Rogers (W. M . Davis, '83, p. 281, p . 9) . 
Gettysburg and Littlestown (Frazer, '77, 

pp. 299-304, pl. op. p. 304). 
Harrisburg, 11ear (Lesley, '64, p. 476). 
Hockersville, near (d'Iuvilliers, '86, pp. 

1566-1567). 
Hummelstone brownstone quarry (cl'Invil

liers, '86, pp. 1564-1565). 
Ideal of ancient surface on which the New

ark was deposited (Lesley, '64, p. 476). 
Jarrettown to Frankfort (C. E. Hall, '81, in 

pocket). 
Jones's ore bank (H. D. Rogers, '58, v~L 1, 

p. 90). 
Lancasterville to Ritterhousetown (C. E. 

Hall, '81, in pocket) . . 
McCormic mine (Frazer, '77, pp. 215-217). 
Monroe (H. D. Rogers, '58, vol. 2, p. 681). 
Montgomery county, etc., near (Philadel-

phia (C. E. Hall, '81, in pocket). 
Montgomery and Bucks counties (C. E. 

Hall, '81). 
Morgan's mill to Holmes burg (C. E. Hall, 

'81, in pocket). 
Morristown to Fairmount (C. E. Hall, '81, 

in pocket). • 
Morrisville (C. E. Hall, '81, p. 41). 
Mount Holly to near Mechanicsville (Fra

zer, '77, pp. 274-277, pl. op. p. 274). 
Neversink mountains, near (H. D. Rogers, 

'58, vol. 2, p. 681-682). 
Newark rocks of (Frazer, '82, pp. 124-127. 

H. D. Rogers, '58, vol. 2, sheets 1 and 2, 
in portfolio. H. D. Rogers, '58, vol. 1, pp. 
100, 102, 103, 160, 164). 

New Hope, after H. D. Rogers (W. M. Da
vis, '83, p. 281, pl. 9). 

Phrenixville tunnel (Jones, '62, pp. 95-97. 
Wheatley, '61, p. 45). 

South mountain, across (H. D. Rogers, '58, 
vol. 1, pp. 100, 102, 103). 

Steitler ore bank (H. D. Rogers, '58, vol. 1, 
l'· 89). 

Susqnebanna river, along the west side of 
(H. D. Rogers, '58, vol. 2, pp. 677-679). 

Washingt.on to Chestnut bill (C. E. Hall, 
'81, in pocket). 

Will grove to Paul's hook (C. E. Hall, '81, in 
pocket). 

Yardville to Morrjsville (C. E: Hall, '81, in 
pocket). 

Thin sections of rock from, examinations of 
(Frazer, '75). 

Trap and sedimentary rocks of the Newark 
system near, account of the (d'Invilliers, 
'86a, pp. 8;G-8't:l, 890-892). 
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Pennsylvania-Continued. 
Trap ~ikes in southeastern (Frazer, '84, p. 693. 

Lewis, 85). 
Trap from Williamson 's point, study-Qf (Fra

zer, '78). 
'l'rap near Get.tyRburg, comparison of, with 

the trap of Connecticut (Frazer, '75b). 
Trap rocks of York and Adams counties (Fra

zer, '75a). 
PERCIVAL, JAMES G. 1822. 

[Notice of a locality of sulJ)hate of baryt.es 
and other minerals in Berli11, Conn.]. 

In Am. Jour. Sci., vol. 5, 11p. 42-45, with map. 
Brief reference to trap and sanc1stone. 

PERCIVAL, JUlES G. 1842. 
Report on the geolOJ!Y of the state of Con

necticut. 
New Haven. Pp. 1-495 and a map. 
Abstract in Bull. Soc. Ge.ol. de France, vol. 

14, pp. 622-628. 
Portion of geological map reproducetl in Ann. 

Rep. U. S. Geol. Surv., 1885-1886, pl. 52, 
and in Am. Jour. Sci., 3d ser., vol. 25, pl. 
5. Outline indicating the 1nincipal rocks 

, of theN ewark system in Connecticut, pp. 
10-11. Distribution of the trap rockR of 
Connecticut described, pp. 299-322. De
tailed description of the trap rocks of the 
Connecticut valley, pp. 322-410. Detailed 
description of the trap rocks of the Wood
bury-Southbury area, pp. 410-412. De
scription of the t.rap dikes traversing the 
Primary rock& of the state, pp. 412-426. 
Detailed description of the sandstone, 
shales, limestone, etc., of the Newark sys-

• tern in Connecticut, with many references 
to their relation to the trap rocks. 

PERCIVAJ,, J. G. Cited on bituminous lime
stone near Meriden, Conn. (W. M. Davis, 
'89, p. 62). 

Cited on coal in couneetion with trap from 
Berlin, Coup. (E. Hitchcock, '35, p. 231). 

Cited on contact metamorJihism in Connecti
cut (W. M. Davis, '83, pp. 300, 301). 

Cited on crescent-shaped ridges of trap in 
Connecr.icut (Silliman, '44). 

Cited on dip of the Newark in the Connecti
cut valley (W. M. Davis, '83, pp. 305, 306). 

Cited on distribution of conglomerate in the 
Newark of Connecticut (Russell, '78, p. 
238). 

Cite(l on ele¥ation of the sandstone of the 
Connecticut valley (E. Hitchcock, '58, p. 

't 15). 
Cited on geological map of Connecticut (J.D. 

Dana, '91a). 
Cited on geology of the trap rirlges of Con

necticut (Hovey, '89). 
Cited on hydrocarbons in the trap of Con

necticut (Russell, '78b). 
Cited on indurated hi"tumen in the volcanic 

rocks of Connecticut (J.D. Dana, '78). 
Cited on intrusive origin of the trap rocks of 

Connecticut (J.D. Dana, '71a). 
Cite1l on Newark system in the Connecticut 

valley (W. M. Davis, '88, pp. 463, 465, 468, 
471). 

PERCIVAL, J. G.-Continued. 
Cited on occurrence of coal in Connecticut (E. 

Hitchcock, '41, p. 139). 
Cited on occuTrence of zinc, iron, and lead, at 

Berlin, Conn. (E. Hitchcock, '35, p. 232). 
Cited on the origin and deposition of Newark 

strata (W. M. Davis, 'S3, p. 287). 
Cited on origin of the red color of the Newark 

sandstones (Russell, '89, p. 49). 
Cited on origin of the t.rap ridges of Counecti

cnt (Brigham, '69, ]1. 24). 
Cited on overflow trap sl1eets in Connecticut 

(W. M. Davis, '83, p. 297). 
Cited on trap conglomerate near Meriden, 

Conn. (W. M. Davis, '89b). 
Cited on trap in Connecticut (E. Hitcl1cock, 

'23, vol. 6, p. 50). 
Cited on trap near Newgate, Conn. (E. Hitch

cock, ' 23, vol. 6, p. 49). 
Cited on trap ridges near Saltonstall's lake, 

Conn. (W. M. Davis, '83, p. 268). 
Cited on trap ridges of Connecticut (J. D. 

Dana, '75a, ]). 502. Davis an(l Whittle, 
'89. E. I,Iitchcock, '41, pp. 648-649. E. 
Hitchcock , '58, pp. 10, 11). 

Cited on trap ridges of Connecticut valley (J. 
D. Dana, '47, pp. 391-392. J.D. Dana, '73, 
vol. 6, p. 105). 

Notice of work hy (Miller, '79-'81, vol. 2, p. 
148). 

Percivallle:tk, Conn. The name proposed ~Pet

ter, '91, p. :16). 
Percy, l-]. Analyse>J of eoke from Richmond 

coal field, Va. (Lyell, '47, pp. 270, 274). 
Perean river, N. S. Coast section near (Dawson, 

'47, p. 56). 
Dip of sandstone at (Dawson, '78, p. 91). 

Perkiomen mines, Pa. Boundary of Newark near 
(Lesley, '83, p. 196). 

PEULEY, M. H. 1852. 
The south shore of the bay of Fundy. 
In reports on the sea and river fisl1eries of 

New Brunswick. 
Fredericton, [N. B.], 2d ed., pp. 159-160. 
First ed. not seen. 
Describes three submerged ledges near the 

east side of the bay of Fundy, between 
Black rock and Brier island, ]1. 159. 

PERLEY, [M. H.]. Cited on submerged ledges in 
the bay of Fundy (Dawson, '78, pp. 96-97). 

Perth Amboy, N.J. Bonndar_y of Newark near 
(Cook, '68, p. 176. H. D. Rogers, '40, pp. 

. 117- 118). 
Perryville, N.J. Boundary of the Newark near 

(H. D. Rogers, '40, p. 118). 
Dip in sl1ale near (Cook, '82, p. 28). 
Dip near (Cook, '68, p. 199). 
Unconformity at base of the Newark near 

(Darton, 90, p. 15). 
Petersburg, Pa. Boundar.v of the Newark near 

(H. D. Rogers, '58, vol. 2, p. 668). 
Boundary of trap near (H. D. Rogers, '58, vol. 

2, p. 690). 
Character of strata near (H. D. Rogers, '58, 

\' Ol. 2, )). 679). 
Conglomerate near (H. D. Rogers, '58, vol. 2, 

p. 683). 



RUSSELL.] LITERATURE. 285 

Petersburg, Pa.-Continued. 
Iron ore associated with trap near (H. D. 

Rogers, '58, vol. 2, p. 690). 
Outcrops near (Frazer, '77, p. 278). 
Trap from (C. E. Hall, '78, pp. 45, 48, 49). 
Trap <likes near (H. D. Rogers, '58, vol. 2, p. 

689). 
Petersburg, Va. Coal found near (Pierce, '28, p. 

58). 
Peter!'! point, N. S. Copper at (How, '69, p. 66). 

Description of (Gt>sner, '36, pp. 195-196. Jack
son and Alger, '33, pp. 246-248). 

Minerals of (Gesner, '36, pp. 195- 196). 
Specific gravity of trap rocks from (How, '75, 

vol. 1, p. 138). 
Petit p:tssa.ge, N. S. Description of (Dawson, '78, 

p. 97). 
Petite river, N. S. Section at mouth of (Dawson, 

'78, p. 89). 
Section at, showing unconformity at base of 

the Newark (Dawson, '52, p. 399). 
Pettenburg, N.J. Dip in t:~hale near (Cook, '82, 

p. 28). 

PETTER, J. T. 1887. 
West Peak, and what it saith. 
In Meriden Sci. Assoc., Proc. and Trans., 

vol. 2, 1885-1886, pp. 58-64. 
In the preface to this poem tbe views of var

ious geologists are cited with reference to 
the origin of the trap hills of the Connec
ticut valley. 

PETTER, J. T. 1S91. 
James G. Percival, M.D. 
In Meriden Sci. Assoc., Trans ., ·vol. 4, 1889-

1890, pp. 22-38. 
Contains many references and quotations re

lating to Percival's studies of the Newark 
system in Connecticut. ·-

Philip, A. &Son. Stonequarryof, at Belleville, N. 
J". (Cook, '8i, pp. 46, 47). 

Phmnixville, Pa. Belodon oarolinensis from 
(Cope, '75, p. 34). 

Belodon leptu1·us from, desoription of (Cope, 
'70, p. 444). 

Bivalve shell, a remark on the finding of the 
cast of (Unio1) at (Britton, '85). 

Boundary oftheNewarkarea of Pennsylvania 
near (Lea, '58, p. 92). 

Oatopteru1< gracilis from, mention of (J". D. 
Dana, '75, p. 417). 

Fossil bones and fossil plants at, on the find
ing of (Wheatle,v, '61a). 

Fossil bones at, brief account of tl1e discoYery 
of (Wells, '62). 

Fossil crustaceans from the Newark rocks at, 
reference to (J" ones, '62, pp. 85, 86). 

Fossil from, remarks on (Lea, '57). 
Fossil mollusk from, description of (Conrad, 

'58). 
Fossil reptiles from, description of (Cope, '66, 

pp. 249-250. Cope, '69, pp. 25-26, 232. 
()ope, '73, p. 210. Cope, '77). 

Fossil saurian bones from, reference to litho
graphs of (Wheatley, '65). 

:Fossil saurian tooth from (H. D. Ro~ers. '58, 
vol. 2, pp. 692-693). 

Phmnixville, Pa.-Continued. 
Fossil vertebrates from the Newark rocks at 

(Cope, '85). 
Fossils discovered at (Lesley, '83, p. 212). 
Fossils found at (Wheatley, '61). 

Account of (Lewis, '84). 
Mention of (Leidy, '60). . 

Fossils from, description of (Lea, '56, p. 78). 
Identification of (Frazer, '77a). 
List of (;Jones, '62, pp. 93-95). 
Remarks on (Lea, '57a. Leidy, '57). 

Map of region about (H. D. Rogers, '58, vol. 
2, op. p. 674). 

Newark rocks near, mention of (Lesley, '83, p. 
28). 

Popular account of the (Lewis, 8:-Ja). 
'l'unnel at, description of sectio11 in (Wheat

ley, '61). 
Detailed section in (J" ones, '62, pp, 95-97). 

Tunuel11ear, position of (;Jones, '62, p. 93). 
Wheatley cited on fossils from (J"onee, '62, pp. 

93-97). 
Pickering, Pa. Bounuary of Newark near (Les

ley, '83, pp. 185, 191). 
Pickering creek copper and lea<l mine, Pa. Map 

of (Lesley, '83, p. 177). 
Pickles mountain, N.J. Description of (Uook, 

'68, p. 193). 
Diverse dips near (Nason, '89, p. 18). 
Probable faults near (Nason, '89, p. 25). 
Small sandstone area near (Cook, '68, p. 75). 

PICTET, F. J. 1863. 
Traite de Paleontologic. 
Paris, l 2mo., vols. 1-4, aml an. atlas of 110 
- plates. 

Contains a brief account of the discovery of 
footprints in the Connecticut valle~·, vol. 
1, pp. 403- 407, at:as, pl. 20). 

Piedmont coal field, Va. Brief account of (Dad
dow aml Bannan, '66, pp. 402-403). 

See Farmville area (Patton, '88, p. 22). 
Piermont, N.Y. Dip and strike near (Mather, 

'43, Jl. 617). 
;Junction of trap and sandstone beneath (Dar· 

ton, '90, p. 48). 
Outcrops of t.rap near (Darton, '90, p. 38). 
Thickness of tr&p sheet near (Darton, '90, p. 

44). 
PIERCE, J.Un:s. 1820. 

Account of the geology, mineralogy, scenery, 
etc., oftho Secondary region of New York 
and New J" ersey and the adjacent regions. 

In Am. ;Jour. Sci., vol. 2, pp.181-199). 
Uontains a general account of tl1e geology of 

1-he region mentioned, with reference 
cS}Iecially to the Palisades, Now ark moun
tains, and other trap ridges in New ;Jer
sey. 

PIER<;E, JAMES. 1826. 
Practical remarks on the shell marl region of 

the eastern part of Virginia and Mary
land, and upon the bituminous coal for
mation in Virginia and the contiguous 
region. 

In Am. J'our. Sci., vol.ll, pp. 54-59. 
Contains a brief account of coal mining in th6 

Richmoutt cQ~l tield, pp. 57-59, 



286 THE NEW ARK SYSTEM. [BULL.85. 

PIERCE, J. Cited on the geology of :Rockland 
county, N.Y. (Mather, '43, pp. 280-281). 

Pigeon hills, Pa. Boundary of theN ewark near 
(H. D. Rogers, '58, vol. 2, p. 668. Frazer, 
'82, p. 123). 

Conglomerate near (H. D. Rogers, '58, vol. 2, 
p. 680). 

Contact of the Newark and limestone near (H. 
D. Rogers, '58, vol. 2, p. 668). 

Pine lUll, Pa. Boundary of the Newark near 
(Frazer, 'HO, p. 14). 

Pine Mountain, Ga. Trap dikes in (Loughridge, 
'84, p. 279). 

Pine rock, Conn. Brief account of (Whelpley, 
'45, p. 62). 

Contact phenomena at (Percival, '42, pp. 429-
430). 

Critical study of origin of (J.D. Dana, '91). 
General account of (Silliman, '10, p. 92). 
Reference to the origin of (Hovey, '89, p. 376) .. 
Structure connected with (Percival, '42, p. 

438). 
Trap ridges near, description of (Percival, '42, 

pp. 395, 397-398). 
Trap rocks of, reference to the volcanic origin 

of the (Cooper, '22, p. 239). 
Pine tree hill, Conn. Concerning trap ridge1:1 

near (Pereival, '42, p. 381). 

Pineville, Pa. Newark rocks near (l,ewis, '85, p. 
451). 

Trap dikes near, description of (H. D. Rogers, 
'58, vol. 2, p. 6il5). 

Piscataway, N.J. Description of sandstone near 
(Cook, '68, p. 208). 

Native iron near (Cook, '83. p. 62). 

Pittstown, N.J. Arenaceous str:1ta near (H. D. 
Rogers, '40; p.l23). 

Description of sandstone outcrops near (H. D. 
Rogers, '36, p. 153). 

Pittsylvania county, Va. Boundaries of th~ New
ark in (W. B. Rogers, '39, pp. 74- 76). 

Pittsylvania, Newark belt, Va.. Definecl (F'on
taine, '79, pp. 3, 26, 3.3-34). 

Position and brief description of (Fontaine, 
'83, pp. 4-5). 

Plainfield, N.J. Altered shale near (Cook, '83, p. 
24). 

. A.nalysis of sandstone from near (Cook, '68, 
p. 518). 

Bored wells at (Cook, '82, pp. 146-147. Cook, 
'85, p. 114. 'Vard, '79, p. 133). 

Boundary of :First mountain trap near (Cook, 
'68, pp. 180, 181). 

Color of th~ strata near, remark on the origin 
of the (Newberry, '88, p. 8). 

Contact metamorphism near, reference to 
(Cook, '87, p. f25). 

Contact of trap and !!hale near (Cook, '82, p. 
51). 

Copper mines near, reopening of (Cook, '81, 
p. 39). 

Copper ores near (Cook, '68, pp. 676, 677). 
Dip in shale near (Cook, '79, p. 30; '82, p. 25). 
Dip near (Cook, '68, p. 196). 
:Pip of shale near (Cook, '68, p. 677). 

Plainfield, N. J.-Contimred. 
Dip of strata near (H. D. Rogers, '40, p.129). 
Faults near (Cook, '68, p. 677). 
Fossil fishes from, descriptions and figures of 

(Newberry, '88). 
Fossil footprints near, notice of (:Russell, '77, 

p. 415). 
Fossil footprint locality, reference to, as a (C. 

H. Hitchcock, '88, p. 122). 
Gap in First mountain near (Cook, '82, p. 50). 
Lower contact of trap sheet near (Darton, 90, 

p. 29). 
Metamorphosed shale near, exposure of (Rus

sell, '80, p. 41). 
Notch in First mountain near (Nason, '89, p. 

26). 
Ripple-marks, sun-crackt!, raindrop impres

sions, and footprints at, mention of the 
occurrence of (Russell, '78, p. 225). 

Sandstone near, description of (Cook, '68, p. 
209). 

Sandstone quarries near (Cook, '79, p. 23). 
Section from, to Great swamp, N.J. (Cook, '68. 

p.199, and map in portfolio). 
Solid hydrocarbon in trap near, on the occur

rence of a (Russell, '78b). 
Trap near, on the intrusive nature of (Rus

sell, '78a). 
Trap rock near, description of (H. D. Rogers, 

'40, p. 14.6). 
Trap rock quarries near (Cook, '79, p. 25. 

Cook, '81, p. 62). 
Trap sheet near, thickness of (Darton, '90, p. 

23). 
Vesicular trap near (Darton, '90, p. 26). 
View of (Cook, '82, pl. 1). 

Plain's mills, N.J. Boundary of First mountain 
trap near (Cook, '68, }J. 181). 

Plainville, N.J. Dip near (Cook, '68, p.197). 

Plants, fossil. Age of the Newark system indi
cated by (.Agassiz, '51. Leil. '53, p. l!l3. 
Lesqucrenx, '7G, p. 283). 

Brief discussion of (W. B. RogorR, '54). 
Brief sketch of (H. D. Rogers, '58, Yol. 2, pp. 

760-761). 
Description and illustration of (N ewherry, '88, 

pp. 76-!l5, pls. 20-26) . 
Description of (Sternberg, '20-'38). 
Finding of, at Middletown, brief referenee to 

(Silliman, '37). 
Found in Connecticut, mention of (Percival, 

'42, llp. 442, 446). 
From China, compared with others. North 

Carolina (Newberry, '66). 
From Connecticut, description of tree t-runks 

found at Bristol (Silliman, .jr., '47). 
:From Durham (Chapin, '87a). 
From Durham, description and figure of 

(Chapin, '9la). 
From Southbury area (E. Hitchcock, '28, p. 

22R). 

From Connecticut and Massachusetts, brief 
description of (E. Hitchcock, '43b1 pl. 12, 
13). 
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Plants, fossil-Continued. 
From Connecticut valley (E. Hitchcock, '23, 

vol. 6, p. 79. E. Hitchcock, '58, pp. 8, 166, 
pls. 7, 29). 

Brief notice of (Warren, '54, p. 43). 
Description of (E. (Hitchcock, jr., '55. E. 

Hitchcock, 55a, p 408). 
In trap tuff E. Hitchcock, '47a, p. 202). 
Mention of (Hitchcock and Hitchcock, '67, 

p. 416). 
Notes on (Leidy, '58). 
Remarks on (H. D. Rogers, '58, vol. 2, p. 694. 

E. Hitchcock, '58, pp. 160, 173. 
From hlr<>sachusetts, additional facts con

cerning (E. Hitchcock, 'fiO). 

Brief acconnt of (E. Hitchcock, '35, pp. 
234-237). 

Detailed account of (E. Hitchcock, '41, pp-
450-458). 

From East Hampton (E. Hitchcock, jr., 
'55). 

Position of, in reference to trap sheets (E. 
Hitchcock, '55, p. 226). 

From New Brunswick at Gardner's creek 
(Dawson, '63). 

At Quaco Head, notice of (Gesner, '40, p. 
15). 

From New Jersey (Cook, '70, pp. 26-27). 
At Belleville (Akerly, '20, p. 36). 
Geological age indicated by (Newberry, '85). 
Near Milford, description of (Lewis, 'SOb, 

Cook, '81, p. 64. Nason , '89, p. 27). 
From North Carolina (Emmons, '57, pp. 23-28. 

Kerr, '75, p. 143). 
Age of the Newark determined by (Fon

taine, '83, p. 121-128). 
B:·ief account of, in reference to age (Em

mons, '576, p. 79). 
Description of (Emmons, '56, pp. 283-2!.13. 

Emmons, '57, pp. 23-20, 34-38, 90-134, pls. 
1, 2, 3). 

Dan river· coal field, brief account of (Em
mons, '52, pp. 147-148). 

Deep river coal field, brief reference to (Em
mons, '52, p. 142). 

Germanton (Emmons, '57, pp. 27, 28, 145. 
Olmsted, '27, p. 127). 

List of (Fontaine, '83, pp. 97-128, pis. 48-57. 
Kerr, '75, p. 147). 

From Nova Scotia, etc-. (Dawson, '78, p. 99). 
At cape Blomidon (Jackson and Alger, 

'3.3, p. 256). 
Near Gerrish mountain (Ells, '85, p. 7E). 

From Pennsylvania (Cook, '85, p. 55). 
Brief account of (Lesquereux, '79). 
Doylestown, remark on the finding of 

(Britton, '85). 
Easton, mention of (Cook , '85, p. 95). ' 
Goldsboro, discovery of (Wanner, ''89). 
Near Phrenixville (Wheatley, '61, p. 43). 
Brief record of (Wheatley, '61a). 

From Prince Edward island (Dawson, '78, p. 
30. Dawson and Harrington, '71, })p. 45-
46! })l. 3). . 

Description of (Dawson and Harrington, 
71, p. 14). 

Plants, fossil-Continued. 
Discussion of (Bain and Dawson, '85, pp. 

158-161). 
From Virg-inia, identified with fossils of the 

Lettenkohle of Germany (Stur, '88). 
Richmond coal fielcl (Lyell, '47, pp. 262, 

267, 268, 269. W. B. Rogers, '54a). 
Brief account of (Lyell, '49, p. 282. Lyell, 

'66, pp. 251-252). 
Description of (Brongniart, '28, vol. 1, pp. 

124-126, 391, pls.14-16, 137. Bunbury, '47. 
Heer, '57. \V. B. Rogers,'43). 

Discussion concerning (Font.aine, '79, pp. 
37-39). 

General mention of (Wooldridge, '42). 
List of, after W. B. Rogers (Heinrich, '78, 

p. 264). 
Mention of (Newberry, '76b, p. 148. Nut. 

tall, '21, p. 36). 
Reference to (Taylor, '35). 
Structure of (Lyell, '49, p. 285). 
Undetermined (Fontaine, '83, pp. 90, 91, 

pls. 47, 48). 
l<'ucoid. 1rom Prince Edward island (Dawson 

and Harrington, '71, p. 46). 
In the Newark of Virginia, description of 

(Fontaine, '83). 
General remarks on (Fontaine, '79, pp. 237-

238). 
Table showing relations of (Fontaine, '83, p. 

92-93). 
Mention of (Andrews, '76): 
Of the coal-bearing rocks of the Newark 

(H. D. Rogers, '53, vol. 2, p. 764) 
Remarks on (H. D. Rogers, '58, vol. 2, p. 695). 
Summary concerning (Miller, '79-'81, vol. 2, 

p. 242). 
Pleasantdale, N.J. Plant remains in sandstone 

near (Nason, '89, p. 23). 
Pleasant valley, N.J. Description of quarries at 

(Cook, '81, pp. 52-53). 
Dip in sandstone at (Cook, '82, p. 24). 
Quarries in (Cook, '81, pp. 52-53). 

Pleasant Run Rtation, N.J. Dip in sl1ale near 
(Cook, '82, p. 29). 

Pleasant View, Pa. Trap fragments near (Frazer, 
'80, p. 48). 

Pleasantville, N.J. Description of quarries near 
(Cook, '81, pp. 59-60). 

Pluckemin, N.J. Altered shale near (Cook, '83, 
p. 24). 

Boundary of First mountain trap near (Cook, 
'68, p. 180). 

Building stone near (Cook, '68, p. 509). 
Contact metamorphism near, reference to 

(Cook, '87, p. 125). 
Copper ores near (Cook, '68, pp. 676, 678. 

Cook, '83, pp. 164-165). 
Dip in sandstone near (Cook, '82, p. 29) . . 
Dip near (Cook, '68, p. 198. H. D. Rogers, '40, 

p. 128). 
Fossil fern from (Cook, '85, p. 95). 
Fossil fishes near (Cook, '79, p. 27). 
Limestone near (Cook, '68, p. 214). 
Plant remains in sandstone near (N:ason, '89, 

p. 23). 
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Pluckemin, N. J.-Continued. 
Quarry near (Cook, 'G8, p. 183. Cook, '81, p. 

55). 
Character of the rocks in (Nason, '89, p. 23). 
Description of (Cook, '81, p. 55). 

Sandstone near, description of (Cook, '68, p. 
209). 

Sandstone quarry near (Cook, '79, p. 23). 
Trap hills near, brief reference to (H. D. Rog

ers, '36, p. 159). 
Trap near, vesicular (Darton, '90, p. 28). 
Trap ridge near, course of (Nason, '89, p. 34). 

End of (Cook, '82, p. 49). 
Section of trap and sandstone near (Darton, 

'90, p. 35). 
Plymouth, Pa. Boundaries of the Newark in (C. 

E. Hall, '81, pp. 72-73). 
Boundary of the Newark near (Lesley, '85, 

p.lxxxi). 
Plymouth to11·nship, Pa. Report on t~Je geology 

of (C. E. Hall, '81, pp. 72-74). 
Poet's seat, Mass. Description of the geology of 

(W. M. Davis, '83, p. 259). 
Point of Rocks, Md. Brief account of rocks near 

(Ducatel, '37, p. 36). 
Conglomerate near, description of (Fontaine, 

'79, p. 32). 
Potomac marble at (Shaler, '84, p. 177, pl. 46). 
Potomac marble at, mention of (Uhler, '79, p. 

176). 
Potomac marble from, illustration of (Shaler, 

'84, pl. 4tl). 

Point Pleasant, N.J. Altered shale near (Cook, 
'68, p. 214). 

Analysis of trap from (Cook, '()8, p . 216). 
Bearing of joints near (Cook, '68, p. 201). 
Contact metamorphism at (Cook, '68, p. 192). 
Description of the geology near (W. M. Davis, 

'83, pp. 277, 278). 
Dip near (Cook, '68, pp. 197, 198). 
Dip in altered shale at (Cook, '79, p. 29. Cook, 

'82, p. 27). 
· Dip in shale near (Cook, '82, p. 27). 

Indurated shale at (Cook, '82, p. 63). 
Origin of trap rock near (Darton, '89, p. 138). 
Section of trap, slate and shale near (W. M. 

Davis, '83, p. 309, pl. 11). 
Trap outcrop near (Cook, '68, p. 192. Cook, 

'82, p. 63). 
Trap outcrops near, description of (Darton, 

'90, p. 68). 
Trap, position of (Nason, '89, p. 36). · 

Pompton, N.J. Boundaries of the Newark near 
(Cook, '89, p. 11. H. D. Rogers, '40, p. 
118). 

Brief account of geology near (Nuttall, '22, pp. 
239-241). 

Building stone at (Cook, '68, pp. 504-505). 
Conglomerate at (Cook, '65, p. 7. Cook, '68, 

p. 212. Cook, '82, p. 40). 
Character and origin of (Russell, '78, p. 253). 
Occurrence of (Lea, '53, p. 190). 

. Reference to (Russell, '78, p. 232, 233). 
Conglomera-te composed of gneissic pebbles 

n~ar (Nason, '89, p. 21). 

POIIIJJton, N. J.-Continued. 
Conglomerate near, description of (Kitchell, 

'56, pp. 144, 145). 
Detailed description of (H. D. Roger:~, '40, 

pp. 136-137). 
Conglomerate quarries near (Nason, '89, p. 40). 
Contact of Newark rocks and gneiss near (H. 

D. Rogers, '40, p. 16). 
Dip in sandstone aml conglomerate at (Cook, 

'82, p. 30) . . 
Dip of sandstone at (Cook, '79, p. 30). 
Diverse dips near (Nason, '89, p. 19). 
Footprints at (Cook, '79, p. 28). 

Brief statement concerning the occurrence 
of (Lea, '53, p. 185). 

Description of the occurrence of (W. C. 
Redfield, '43). 

Footprints from, reference to the discovery of 
(E. Hitchcock, '43a, p. 255). 

Footprints near, notice of (Russell, '77, p. 415). 
Fossil estherias and fish scales found near 

(Nason, '89, p. 30). 
Fos11il fishes from (Cook, '79, p. 27. W. C. 

Redfield, '43). 
List, of (De Kay, '42). 

Mud cracks at (Cook, '68, p. 201. Russell, '78, 
p. 225). 

Raindrop and hail impressions from (Lyell, 
'51, pp. 238, 242 .. 244). 

Raindrop impressions, reference to (E. Hitch
cock, '43a, p. 225). 

• Raindrop impressions at (Cook, '68, p. 201). 
Description of (W. C. Redfield, '5la). 

Raindrop impressions, mention of (Lyell, '51. 

Marcou, '53, p. 42, pl. 6). 

Ripple-marks at (Cook, '68, p. 201). 
Ripple-marks, sun cracks, raindrop impres

sions, and footprints at, mention of the oc
currence of (Russell, '78, p. 225). 

Sandstone near, description of (Cook, '68, p. 
209). 

Sandstone outcrops near, description of (H. 
D. Rogers, '36, p. 152). 

Sandstone quarries near (Cook, '79, ll· 22). 
Shale near, description of (H. D. Rogers, '40, 

p. 125). 
Trap conglomerate near, mention of (Nason, 

'90). 
Trap hills near, brief reference to (H. D. Rog· 

era, '36, p. 159). 
Description of (Cook, '68, p. 185). 

Trap ridge near, course of (Cook, '82, pp. 54-
55). 

Trap sheet near, lower. contact of (Darton, '90, 
p. 34). 

Thickness of (Darton, '90, p. 33). 
Variegated conglomerate at, description of 

(H. D. Rogers, '36, p. 149) . 

Pompton furnace, N. J. Bonmlary of Newark at 
(Cook, '68, p. 175). 

Conglomerate at (Cook, '82, p. 21). 
Conglomerate quarries near (Nason, '89, p. 40). 
Dip in conglomerate at (Cook, '82, p. 30) . 
Dip near (Cook, '68, p. 199). 
Fossil :fi~hes foun<lnear (Nason, '89, p. 28). 
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Pompton furnace, N. J .-Continued. 
Trap hill near, description of (Cook, '68, p. 

185. Cook, '82, pp. 54-55). 
Trap ridge near, course of (Nason, '89, p. 34). 

Pompton lake, N. J. Rection of trap sheets near 
(Darton, '90, p. 25). 

Vesicular trap near (Dart.on, '90, p. 28). 
Pompton plains, N.J. Boundary of Newark near 

(Cook, '68, p. 175). 
Course of trap ridge near (Cook, '82, pp. 55-5tl). 

Pond and Toket mountains, Conn. Bird's-eye 
view of (W. M. Davis, '88, p. 480). 

Pontl church, N.J. Dip near (Cook, '68, p. 199). 
Poll(lmountain, Conn. Description of (Davis and 

Whittle, '89, pp. 110-111). 
Discussion of the geological structure near 

(W. M. Davis, '86, pp. 345-346). 
Evidence of faults in (W. M. Davis, '88, pp. 

469-470). 
Formed by overflow trap sheets (W. M. Davis, 

'88, pp. 464, 465). 
Sketch map of (W. M. Davis, '88, p. 479). 
Study of the structure of (W. M. Davis, '88). 

Pond mountain, Va. Boundary of Newark near 
(Heinrich, '78, p. 235). 

Pond rhlge, Conn. Topographic form of (Perci
val, '42, p. 303). 

Trap dikes near, description of (Percival, '42, 
PP- 420, 421). 

Trap ridges near, description of (Percival, 
'42, pp. 336-337). 

Trap rock of, structure of (Percival, '42, p. 
314). 

Pon<l rock, Conn. Detailed description of, with 
discussion of geology (llovey, '89, p. 364). 

Pope's quarry, N. J. Dip in sandstone at (Cook, 
'79, p. 30). 

P ope's, 8. , sione quarry near Hartley, N.J. De
scription of (Cook, '81, p. 51). 

Poquonock, Conn. Description of sandstone near 
(Percival, '42, pp. 441-442). 

PORTER, J. D. 1822. 
[Note on the trap rocks of tho Connecticut 

valley.] 
In Am. Jour. Sci., vol. 4, pp. 241-242. 
Gives a general account of tho character of 

the trap rocks in the regiou referred to. 
P ORTER, T. C. Fossil footprints observed by, at 

Milford, N . .r. (See Eyerman, '89.) 
Porter's bank, Pa. Report on (Frazer, '77, p. 22L). 
Port George, N. S. Rocks and minerals of (Wil

limott, '84, p. 25L) _ 
Port Kennedy, Pa. Boundary of theN ewark uear 

(C. E. Hall, '81, pp. 83-84. 1L D. Rogers, 
'58, voL 2, ll- 675). 

Description of a cave near (Wheatley, '71). 
Dip near (Lesley, '83, p. 190). 

Portland, Conn. Additional facts concerning 
Otozoum mood:ii from (E. Hitchcock, '55b). 

Character of rocks exposed at (.J. D. Dana, 
'83, p. 385). 

:Fossil bone from, note on (Wells, '61). 
Fossil fishes from, description of (Newberry, 

'88). 
:Fossil footprints at (E. Hitchcock, '58, pp. 50 

et seq.). 

Bull. 85-19 

Portland, Conn.-Continued. 
Notice of the finding of (W. C. Redfield, 

'42). 
Fossil footprints from, description of (E. 

Hitchcock, '58). 
Fossil plants from, descriptions and figures 

of (Newberry, '88). 
Impressions of bones from (W. B Rorrers 

'60a). . "' ' 

Impressions of ice crystals on sandstones at 
(Barratt, '45b). 

Movements in the rocks at (Niles, '70, p. 86). 
Sandstone at, microscopical character of (G. P. 

Merrill, '84, p. 26, pl. 13). 
Sandstone from, microscopic character of (G. 

P. Merrill, '89, p. 304). 
Sandstone quarries at, spontaneous move

ments of the strata in (.J . .Johnson, '54). 
Sandstone quarries near (Shaler, '84, p.127). 

Mention of (Percival, '42, p. 449). 
Samlstono quarries of (G. P. Merrill, '89, pp. 

447-448, pl. 9'. 
Portland quarry, Conn. Fossil plants at (E. 

Hitchcock, '58, p. 8). 
Port Riclunoud, N.Y. Trap rock at (Cook, '68, 

p.178). 
Trap rock at, description of tho occurrence of 

(Britton, '81, pp. 168-169). 
Potomac area, Va. Boundaries and area of (Hein

rich, '78, pp. 235-236). 
Potterstown, N.J. Calcareousconglomeratenear, 

detailed description of (H. D. Rogers, '40, 
p.139). 

Dip in shale near (Cook, '82, p. 28). 
Dip near (Cook, '68, p. 199). 
Boundaries of Newark system near (Cook, 

'68, p.175. Cook, '89, p. 11). 
Conglomerate near (Cook, '68, p. 210). 
Dip in conglomerate ncar (Cook, '82, p. 28). 

Pottsgrove, Pa. Description of trap dikes near 
(H. D. RogerR, '58, vol. 2, 11- 686). 

Pottstown, Pa. Trap bill in (Lesley, '85, p. 
lxxxi). 

Pottsl"ille, N.J. Conglomerate near (Cook: '82, 
p. 21). 

Conglomerate quarries near (Nason, '89, p. 39). 
Gneiss bordering the Newark system near 

(Nason, '89, p. 16). 
Powhatan coal mine, Va. Analysis of coal from 

(Clifford, '87, p.lO. Macfarlane, '77. p. 515. 
Williams, '83, p. 82). 

Notes on (Taylor, '35, p. 284). 
Powhatan county, Va. Description of tho New

ark in (W. B. Rogers, '40, pp. 71-72). 
Description of rocks in (W. B. Rogers, '43, p. 

298). 

.Pownal bay, P. E. I. Dip near (Dawson and Har
rington, '71, p. 16). 

Prallsville, N.J. Dip of sandstone at (Cook '79 
p. 29. Cook, '82, p. 26). ' ' 

Fossil crustaceans found near (Nason, '89, p. 
30). 

Gray sandstone ncar, typicallocalities of (Na
son, '89, p. 24). 

Plant remains in sandstone near (Nason '89 
p. 27). ' • ' 
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Prallsville, N. J .-Continued. 
Quarries at (Cook, '81, pp. 59-60). 
Sandstone quarries at (Cook, '79, p. 24). 
Sandstone quarries near (Shaler, '84, p.143). 

Preakness mountain, N.J. Description of (Cook, 
'82, pp, 54-55). 

rreakness ridge, N.J. Trap outcrop, described 
priefly as a (H. D. Rogert:~, '36, p. 159). 

Prescott brook, N.J. Boundary of Newark along 
· (Cook, '68, p.175). 

Dip along (Cook, '68, p. 197). 
PRESTWICH, JOSEPH. 1886. 

Geology, chemical, physical, and stratigraph· 
ical. 

Oxford, vol.1, pp. i-xxiv, 1-477, 3 maps and 3 
plates. 

Vol. 2, pp. i-xxviii, 1-606, pls. 1-16, and 2 maps. 
Vol. 1: Geological map of the world, frontis

piece,p.427. Vol. 2: Classified list of the 
chief groups of strata in North America, 
pp.12-13. Brief account of the Triassic in 
North America, pp. 171-172, and of the 
Jurassic, pp. 254-255). 

Price'~ mine, Pa. Report on (Frazer, '77, pp. 219-
220). 

PRilUE, FREDERICK, JR. 1875. 
Second Geological Survey of Pennsylvania, 

1874. Report of progress on the brown 
hematite ore ranges of Lehigh county, etc. 
Harrisburg, 1875, vol. D, pp. i-ix, 1-73,map. 

Contains a brief general account of the New
ark of Pennsylvania, p. 4. 

PRllliE, FREDERICK. 1886. 
The coals of the United States. 
In report of the mining industries of the 

United. States, etc. By Raphael Pumpelly, 
in Tenth Census of the United States, 4to, 
vol.l5, pp. 605-687, pls. 40-49. 

Gives statistics of tho production of coal in 
tho Richmoncl coal field in the census 
year. 

PRIME, F. Cited on dip of Newark sandstone 
in Pennsylvania (Shaler, '84, p. 156). 

Prince Edward county, Va. Boundaries of the 
Newark in (W. B. Rogers, '39, pp. 74, 76-
77). 

Description of the geology of (W. B. Rogers, 
'39, pp. 77-81). 

On the probability of finding coal in (W. B. 
Rogers, '39, p. 79). 

Prince Edward, Va. Description of geology near 
(W.B.Rogers, '39, p. 81). 

Coal at, the occurrence of (Lea, '53, p. 1il3). 
Coal near (W. B. Rogers, '39, p. 81). 

Prince Edwar(l island. Absence of Trias on, gen. 
eral (Ells, '84, pp. 11E-19E). 

Age of the Newark system in, note in refer
ence to the (Dawson, '58). 

Age of the newer sandstones on (Dawson, '74). 
Age of sandstone and shale of, remark on the 

(H. D. Rogers, '58, vol. 2, p. 693). 
Age of rocks on (Ells, '84, pp. 11E, 12E, 16E, 

18E). 
Bathygnath1~s bo·realis from (Owen. '76, p. 

361). 
J)escriptiou of (Leidy, '54). 

Prince Edwar(l island-Continued. 
On the discovery and geological age of (Daw-

son, '5la). · 

Bathygnathus borealis in, on the finding of 
(Dawson, '53). 

Conformity of Carboniferous and Newark on 
(Dawson, '74, pp. 209,217-218. Dawson, 
'74a, p. 281). 

Conformity of Trias and Carboniferous on 
(Dawson, '78, pp. 30, 31, 32-33). 

Description of (Dawson, '78, pp: 116-124). 
Dip of the Red sandstone in, brief account of 

the (H. D. Rogers, '58, vol. 2, p. 761). 
Dip on (Dawson, '78, pp. 116-117). 
European equivalents of rocks of (Dawson, 

'78, p. 30). 
Fossil wood from, description of (Dawson, 

'54). 
Fossil wood in (Dawson, '78, p. 111). 
Geological map of (Dawson, '78, map). 
Geology and fossil flora, notes on (Bain and 

Dawson, '85). 
Geology of, brief account of (Chapman, '76, 

pp. 29-91. Dawson, '54. McKay, '66). 
Brief reference to (Ru~;sell, '78, p. 220). 
Report of (Dawson and Harrington, '71). 
Summary concerning (Chapman, '78, p. 120-

121). 
Newark of, brief account of the leading fea

tures of the (Dawson, '56, pp. 20-21). 
Newark on, sketch of the (H. D. Rogers, '58, 

vol. 2, p. 759-765). 
Newark rocks of, account of the (Dawson, 

'72). 
Description and discussion of the (Dawson, 

'78, pp. 116-124; supplement, pp. 28-83). 
Mention of'(Marcou, '58, pp. 11, 65). 
Notice of (Dawson, '78, p. 87). 

Newark system in, brief account of the (Hull, 
'87, p. 86). 

Permian age of the newer rocks on (Owen, 
'76, p. 359). 

Permian age of the younger sandstones on 
(Dawson, '75). 

Physwal geography of (Dawson, '72a). 
Post-Carboniferous rocks of (Dawson, '78, p. 

111). 
}locks of (Dawson, '78, p. 111. Dawson, '78a, 

pp. 29,31). 
Separation of Trias and Carboniferous on 

(Dawson, '78a, p. 29). 
Unconformity on (.Bain, '87). 

Prince Edward island, sections (Bain. '87). 
Across (D'awson, '78, p. 31). 
Bun bury island (Dawson and Harrington, '71, 

p. 20). 
Campbellton to cape Tryon (Dawson and 

Harrington, '71, pl.-). 
Cape Egmont (Dawson and Harrington, '71, 

p. 20). 
Cape Kildare (Dawson and Harrington, '71, 

pp. 20-21). 
Darnley, near (Dawson and Harrington, '71, 

pp. 18, 19). 

Gallas point, through (Dawson and Harring· 
ton, '71, pl.-), 
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Prince Edward island, sections-Continued. 
Indian point (Dawson ancl Harrrngton, '71, 

pp.17-18). 
Large curtain (Dawson and Harrington, '71, 

p. 20). 
Orwell bay (Dawson, '78a, pp. 29, 31). 
Summerside, near (Dawson anu Harrington, 

'71, pp. 17-18). 
Tea hill to Belfast (Dawson and Harrington, 

'71, pl.-). 
Prince Edward Newark belt, V1,. Defined (Fon

taine, '79, p. 26). 
Princeton, N.J. Analysis of soil from near (Cook, 

'78, pp. 37, 40). 
Black shales near (Nason, 89, p. 31). 
Building stone near (Cook, '68, p. 510). 
Contact metamorphism near (H. D. Rogers, 

'40, p. 151). 
Dip in sandstone near (Cook, '82, p. 25). 
Dip near (Cook, '68, p. 196). 
Footprints at, brief statement concerning the 

occurrence of (Lea, '53, ll· 185). 
Quarries near, description of (Cook, '81, p. 

55). 
Quarry at (Cook, '81, p. 55). 
Reference to rocks near (Finch, '26, pp. 209-

211). 
Sandstone near, description of (Cook, '68, pp. 

208, 209). 
Sandstone outcrop near (H. D. Rogers, '40, p. 

12:). 
Sandstone quarries at (Shaler, '84, p. 144). 
Sandstone quarry near (Cook, '79, p. 24). 
Sandstone strata near, description of (H. D. 

Rogers, '40, p. 126). 
Shale ncar, exposure of (Nason, 89, p. 17). 
Trap outcrops at (Cook, '82, p. 60). 
Trap rocks of, brief reference to the character 

of (Cooper, '22, p. 240). 
Prince William county, Vo.. Description of the 

Newark in (W. B. Rogers, '40, pp. 64-69). 
Trap dikes and local metamorphism in (W. 

B. Rogers, '55c). 
Prospect hill, Conn. Description of scenery near 

(E. Hitchcock, '23, vol. 7, pp. 3-4). 
Description of trap ridges near (Percival, '42, 

pp. 329-330). 
Pughtown, Po.. Boundary of Newark near (Les

ley, '83, pp. 185, 191). 
Pulpit rock, Conn. Description of trap dikes in 

Primary rocks at (Percival, '42, pp. 416-
417). 

PUTNAM, "BAYARD F. 1886o.. 
Notes on the samples of iron ore collected in 

New York. 
In report on the mining industries of the 

United States, etc. 
By Raphael Pumpelly, in Tenth Census of 

the United States, 4to, vol. 15, pp. 99-144, 
and 3 plates. 

Contains a geological map of New York, 
showing area occupied by the Newark, 
and a map of Staten island, showing area~ 
of trap rock and sandstone, p. 123. 

PUTNAlll, BAYARD F. 1886b. 
Notes on the samples of iron ore collected in 

New Jersey. 

PUTNAM, BAYAIW 1<'.-Continued. 
In report of the mining industries of the 

United States, etc. 
By Raphael Pumpelly, in Tenth Census of 

United States, 4to, vol. 15, pp. 145-177. 
Contains small geological maps of New Jer

sey, showing area occupied by Newark 
rocks, pp. 14ti, 150. 

PUTNAlli, BAYARD F. 1886c. 
Notes on the iron ore of Pennsylvania. 
In report on the mining industries of the 

United States, etc. 
By Raphael Pumpelly, in Tenth Census of 

the United States, 4to, vol. 15, pp. 179-
234, and a map. 

Accompanied by a geological map of Penn
sylvania, showing area occupied by the 
Newark, pl. op. p. 179. 

Quaco, N. B. Age of rocks at (Bailey, '65, p. 5, 13). 
Brief account of the geology near (Bailey, 

'65, p. 12. Chapman, '78, p. 106. Mat
thew, '65, p. 123. Whittle, '91). 

Character of rocks at (Matthew, '65, pp. 123-
124). 

Dip of Newark rocks at (Matthew, '65, p.124). 
Manganese at (Matthew, '65, p. 125). 
Unconformity at (Matthew, '65, p. 125). 

Quaco Head, N. B. Brief account of the geology 
near (Whittle, '01). 

Brief reference to the geology of (Russell, '78, 
p. 220). 

Dip at (Dawson, '78, p. 108). 
Dip of sandstone at (Emmons, '36, p. 344). 
Description and age of rocks at (Credner, '65). 
Description of (Gesner, '40, pp. 13- 23). 
Fossil wood at (Dawson, '78, p. 108). 
Intrusive trap at (Bailey, Matthew, and Ells, 

'80, p. 23D). 
Manganese near (Gesner, '40, pp. 17-18). 
Map of Newark at (Matthew, '63, p.248). 
Observations made at (Emmons, '36, p. 344). 
Position of (Bailey, Matthew, and Ells, '80, 

map No.1 S. E., accompanying). 
Rocks of (Bailey, '72, p. 217, 218. Bailey, 

Matthew, and Ells, '80, pp. 21- 22D. Daw
son, '78, p. 108. Gesner, '41, p. 14). 

Section near (Gesner, '40, pp.13-23). 
Thickness of Newark rocks at (Dawson, '78, 

p. 108). 
Trap rock at (Bailey, Mathews and Ells, '80). 
Unconformity at base of Newark at (Emmons, 

'36, p. 344). 
Quakertown, Pa. Analysis of trap from (Genth, 

'81, pp. 97-98). 
Quarries in New Jersey. (Cook, '79, p. 19-26). 

Quarries of conglomerate, in Rockland county, N. 
Y. (Mather, '43, pp. 286-287). 

Quarries of sandstone at East Haven, Conn. (Per
cival, '42, p. 434). 

In New Jersey (Cook, 'G8, pp. 504-512). 
On the Delaware inN ew Jersey (H. D. Rogers, 

'36, p. 157). 
Near Nyack, N.Y. (Mather, '43, p. 287). 
Near Trenton, N. J. (H. D. Hogers, '40, pp. 

120-121). 
Near Pluckemin, N.J. (Cook, '68. p. 183). 
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Quarries of trap in New Jersey (Cook, '68, pp. 
522-523). 

Quonipaug mountain, Conn. Description of trap 
dikes in Primary rocks near (Percival, 
'42, pp. 339, 361, 422-423). 

Raccoon coal pits, Clo,·er hill, Va. Plan and sec
tion of (Clifford, '87, pl. 2). 

Raccoon Ford, Va. Boundary of Newark near 
(Heinrich, '78, p. 236. W. B. Rogers, '40, 
p. 61). 

Rahway, N.J. Obscurity of exposures near (H. 
D. Rogers, '40, p. 129). 

Section at (Cook, '68, p. 242). 
Rainbow yillage, Conn. Bituminous shale near 

(Percival, '42, p. 442). 
Raindrop bnpressions. Certain peeuliar mark

ings referred to (Anonymous, '39). 
Discussion of the origin of (Desor, '51). 
In the Connecticut valley (Deane, '42. E. 

Hitchcock, '42. E. Hitchcock, '55a, pp. 
189-190. E. Hitchcock, '58, pp. 166-167, 
pl. 32. Hitchcock ancl Hitchcock, '67, pp. 
319-320. Warren, '54, p. 45). 

In Massachusetts. Description of (E. Hitch 
cock, '41, pp. 501-503, pl. 40. E. Hit-chcock, 
'43a, p. 262). 

Mention of (Marcou, '53, p. 42, pl. 6). 
Turner's Falls. Notice of (Deane, '45b. 

Mantell, '46). 
In New Jersey (Lyell, '51, pp. 238, 242-244). 

Mention of (W. C. Redfield, '42. W. C. 
Redfield, '43a). 

Mention of localities of (Russell, '78, p. 225). 
Newark (Lyell, '43, pp. 39-40. W. C. Red

field, '42). 
Pompton (Cook, '68, p. 201. E. Hitchcock, 

'43a, p. 255. Lyell, '51. ·w. C. Redfield, 
'43. ·w. C. Redfield, '51a). 

·weehawken (Gmtacap, '86, p. 246). 
Interpretation of (Lyell, '52). 
Observations on recent (E. llitchcock, '43a, 

p. 262). 
Observations on recent and fossil (Merrick, 

'51). 
Physical conditions shown by (J.D. Dana, '75, 

p. 420). 
Recent photogmphs of (Deane, '61, p. 59, pl. 

45). 
Referred to the bursting of bubbles (Desor, 

'51a). 
Similarity of, to pits made by the breaking of 

air bubbles (Desor and Whitney, '59). 
Suggested explanation of (H. D. Rogers, '55). 

Raleigl1, N. C. Boundary of Newark area near 
(W. R. Johnson, '51, p. 4). 

Breadth of theN ewark area west of (Emmons, 
'56, p. 241. Olmstead, '24, p. 12. Wilkes, 
'58, p. 2). 

Brief account of Newark rocks ncar (Olm
stead, '20). 

Brief account of geology west of (McLenahan, 
'52, p.170) 

_Ramapo, N. J. Conglomerate cemented with red 
shale (Nason, '89, p. 21). 

Description of calcareous conglomerate near 
H. D. Rogers, '36, p. 149. (H. D. Rogers, 
'40, pp. 136-137.) 

Ramapo, N. J.-Continued. 
Mention of a fossil fish from (De Kay, '42, p. 

385). 
Trap rocks in (Mather, '43, p. 282). 

Ramapo mountain, N. J. Gneiss bordering the 
Newark system near (Nason, '89, p.l6). 

Ramapo \'alley, N. J. Borings for oil in (Cook, 
'68, p. 696). 

Boundary of Newark in (Cook, '68, p.l75). 
Trap of (Cook, '68, pp, 188-189). 
'l'rap rock hills of (Cook, '82; pp. 48-54). 

Ramsey's station, N.J. Trapoutcropnear(Cook, 
'68, pp. 181-188). 

Randolph's coal mine, Va. Analysis of coal from 
(Macfarlane, '77, p. 515. Williams, '83, p. 
82). 

Notes on ('raylor, '35, p. 284). 

Rapho township, Pa. Report on the geology of 
(Frazer, '80, pp. 37-38). 

Raritan, N. J. Dip near (Cook, '68, p. 198). 

Raritan copper mine, N.J. Description of (Cook, 
'68, p. 679). 

Dikes of trap in (Cook, '68, p. 204). 

Raritan miley, N. J. Dip of sandstone in (Cook, 
'83, p, 26). 

Rattlesnake hill, Pa. Trap dike (d'Invilliers, '83, 
pp. 200, 201). 

Rattlesnake mountain, Conn. Description of (Per
cival, '42, p. 374). 

Raudenbush mine, Pa. Detailed account of (cl'In
villiers, '83, pp. 342-343). 

Raven Rock, N. J. Building stone near (Cook, 
'68, p. 512). 

Dip at (Cook, '68, p. 198). 
Dip in indurated shale at (Cook, '82, p. 27) 
Dip of altered shale at (Cook, '79, p. 29). 
Sandstone quarries at (Cook, '79, p. 25). 

RAYMOND, R. W. 1883. 
The natural coke of Chesterfield connty, Va. 
In Am. lust. Mining Eng., Trans., vol. 2, pp. 

446-450). 
Reprinted in The Virginias, vol. 4, pp. 145-

146; see, also, The Virginias, vol. 4, p. 164. 
Describes the occurrence, illustrated by a 

section, of Carbonite [natural coke] near 
Midlothian, Va., and gives analysis of 
the material mentioned. 

RAYlliOND, R. W. Cited on natural coke in the 
Richmond coal field, Va. (Cli:ffoid, '87, p. 
13). 

Cited on the origin of the natural coke of the 
Richmond coal field, Va. (Hotchkiss, '83). 

Reading, Pa. Boundary of the Newark near 
(d'Invilliers, '83, p. 198. Lea, '58, p. 92. 
H. D. Rogers, '58, vol. 2, p. 668). 

Conglomerate near (Lea, '53, p. 190. H. D. 
Rogers, '39, p. 19. H. D. Rogers, '58, vol. 
2, p. 681). 

Dip of conglomerate near (d'Invilliers, '83, p. 
221). 

Exception in the prevailing dip of the New
ark near (Lesley, '83, p. 182). 

Sandstone quarries near (Shaler, '84, p. 157). 
Trap dike near (d'Invilliers, '83, pp. 304, 380. 

H. D. Rogers, '58, vol. 2, p. 686). 
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Reamstown, Pa. Boundary of the Newark near 
(Frazer, '80, p. 43. Hr D. Rogers, '58, vol. 
2, p. 668). 

REDFIEIJD, JOHN HOWARD. 1S86. 
Fossil fishes of Connecticut and Massachu

setts, with a notice of an undescribed 
genus. 

In New York Lye. Nat. Hist., Ann., vol. 4, 
1848, pp. 35-40, pls. 1-2. 

Abstract inN eues J ahrbuch, 1839, pp. 248-253. 
Refers to localities iu the Connecticut valley 

where fossil fish have been obtained. 
Mentions previous studies of the fossils in 
question, aml describes and figures Catop· 
te1·us gracilis. Describes, also, another 
fossil .fish, the name of which is not de· 
termined. Concludes with brief remarks 
on the age of the rocks from which the 
fossil were obtained. 

REDFIELD, JOHN H. 184:1. 
[Zoological analogies of Catoptenu; g·racilis]. 
In Final Report Geol. of Massachusetts, by 

E. Hitchcock. Amherst aml Northamp
ton, 1841, 4to, p. 440. 

Extract from a letter to E. Hitchcock in which 
the characteristics of the tail of the fos
sil fish referred to are briefly discussed. 

REDFIELD, JOHN H. 1856. 
[Extract from a report to the American Asso

ciation for the Advancement of Science 
on the fossil fishes of the United States]. 

In a paper on the relation of the fossil fishes 
of the sandstone of Connecticut and other 
Atlantic states to the Triassic and Juras
sic periods, by vV. C. Redfield. 

In Am. Assoc. Adv. Sci., Proc., vol. 10, pp. 
183-185. 

Refers to the characteristics of the fishes of 
the Newark system, and states opinion 
with respect to geological age. 

REDFIEIJD, J. U. Citecl on the age of the Con
necticut valley sandstone (J.D. Dana, '56, 
p. 322. E. Hitchcock, '58, p. 5). 

REDFIELD, J. H. Cited on the age of the New
ark, as indicated l)y fossil fishes (W. C. 
Redfield, '56, pp. 181-187). 

Cited on Catopterus from Middletown, Conn. 
(E. Hitchcock, '41, p. 440). 

Cited on Catopterus gracilis (C. H. S. Davis, 
'87, p. 20). 

Cited on early discovery of fossil fishes in the 
Newark system (Newberry, '88, pp.19-20). 

Cited on fossil fishes (E. Hitchcock, '41b, p. 
244. Newberry, '88. W. C. Redfield, '56a, 
pp. 357-361. H. D. Rogers, '44, p. 251). 

Cited on fossil fisl1es from Connecticut 
(Anonymous, '38). 

Cited on fossil fishes from the Connecticut 
valley (E. Hitchcock, '41, p. 460. H. D. 
Rogers, '58, vol. 2, p. 694). 

Cited on fossil fishes from the Housatonic val
ley, Conn. (Redfield, '41, p. 27). 

Cited on genus Catopterus (Egerton, '49, pp. 
4, 8. W. C. Redfield, '56a, p. 361). 

Extract from report on fossil fish (W. C. Red
field, '56a, pp. 359-361). 

REDFIELD, J. H.-Continued. 
List of fossil fishes from New Jersey and the 

Connecticut valley described by (De Kay, 
'42). • 

REDFIELD, J. H., and W. C. REDFIELD. 1857. 
On the relation of the post-Permean fishes of 

I'Jmmecticut and other Atlantic states to 
the Triassic and Jurassic periods. 

In Edinburg new Philosophical Journal, n. s., 
YOl. 5, pp. 369-370). 

An abstract of a paper read by vV. C. Red
field at the meeting of the American As
sociation at Albany, N.J. Publisheclin 
Am. Assoc. Adv. Sci., Proc. [vol. 10), tenth 
meeting, 1856, pp. 180-188. 

REDFIELD, J. H. and W. C. Cited on the ago of 
the Newark (H. D. Rogers, '44, p. 248). 

R[EDFIELD, W. C.]. 1888. 
Newly discovered ichnolites [at Middletown, 

Conn.]. 
In Am. Jour. Sci., vol. 33, pp. 201-202. 
Mentions discoveries of fossil footprints in 

the Connecticut valley, by E. Hitchcock 
ancl R. Warner. 

REDFIELD, WILUAM C. 1838a. 
:Fossil fishes in Virginia. 
In Am. Jour. Sci., vol. 34, p. 201. 
Brief note referring to a specimen shale with 

numerous fossil fishes on it, found in the 
Richmond coal field, Va. 

R[EDI!'IELD, W. C.]. 1839. 
[Note on fossil fishes from Now Jersey.] 
In Am. Jour. Sci., vol. 36, pp.186-187. 
Fossil fishes from Morris county, N. J., are 

statecl to be Catopte1·us gracilis and a spe
cies of Palreoniscus, both of which have 
been found in the sandstone of the Con
necticut valley. A previous notice of the 
fossils mentioned in this article may be 
found in Am. Jour. Sci., vol. 35, p.192. 

REDFIELD, W. C. 1841. 
Short notices of American fossil fishes. 
In Am. · Jour. Sci., vol. 41, pp. 24-28; abstract 

in Am. Jour. Sci., vol. 41, pp. 164-165, and 
also in Am. Assoc. Geol. and Nat., Proc., 
1840-18i2, pp. 17-18. 

Describes several species of Paheoniscus and 
Catopterus from the Connecticut valley 
andNewJersey. Remarks on tbcwidcdis
tribution of species in the Newark sys
tem. 

REDFIELD [W. C.]. 1842. 
(Concerning raindrop impressions, footprints, 

and fossil fishes from tho New Red sand
stone of New Jersey and the Connecticut 
valley.] 

In Am. Jour. Sci., vol. 43, p. 172; also in Am. 
Assoc. Geol. and Nat., Proc., 1840-1842 
~00. ' 

.Mentions an observation of fossil raiwlrop 
impressions at Newark, N.J.; and also . 
notes the discovery of fossil footprints and 
fossil fishes in the sandstone of the Con· 
necticut valley. 

REDFIELD, W. C. 184:2a. 
[On some newly discovered icllthyolitcs in 

the New Reel sandstone of New Jersey.] 
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REDI<'IELD, W. C.-Continued. 
In London Geol. Soc., Proc., vol. 4, 1845, p. 23. 
Mentions newly discovered fossil fish asso· 

ciated with tracks and rain marks. 
REDFIELD, W. C. 1848. 

N otiec of newly discovered fish beds !.nd a 
fossil footmark in the Red sandstone for
m::ttion of New Jersey. 

In Am. Jour. Sci., vol. 44, pp.134-136. 
Describes the occurrence of fossil fish, a fossil 

footprint, together with raindrop and hail 
impressions, ;:tnd ripple marks produced 
by waves, at Pompton, N.J. 

REDFIELD, W. C. 1848a. 
Remarks on some new fishes and other fossil 

memorials from the New Red sandstone 
of New Jersey. 

In Am. Jour. Sci., vol. 45, pp. 314-315. 
Abstract of remarks concerning the age of the 

Red sandstone of New Jersey as indicated 
by fossil fish. Mentions also the occur
rence of footprints and raindrop impres
sions. 

REDFIELD, WILLIAM C. 1851. 
On the post-Permian date of the Red sand

stone mcks of New Jersey and the Con
n~cticut valley, as shown by their fossil 
remains. (Abstract.) 

In Am. Assoc. Adv. Sci., Proc.,vol.5, pp. 45-46. 
Abstract in Ann. Sci. Discov., 1852, p. 259. 
Reference to papers by C. T. Jackson, which 

assigned the Newark system to the Silu
rian and also to the cl::tim of unconformity 
in tl~e Newark, suggested by D. A. Wells. 
The conclusion reached is that the New
ark presents an unbroken series, and is 
characterized by a fauna and flora as re
cent as the Trias. 

REDFIELD, W. C. 1851a. 
On the fossil rain marks found in the Red 

sandstone rocks of New Jersey and the 
Connecticut valley, and their authentic 
character. 

In Am. Assoc. Adv. Sci., Proc., vol. 5, pp. 72-75. 
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On the relations of the fossil fishes of the 

sandstones of Connecticut and other At
lantic states to the Liassic and Oolitic pe· 
riods. 

REDFIELD, W. C.-Continued. 
In Am. Jour. Sci., 2d ser., vol. 22, pp. 357-363. 
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'71, p. 21). 
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Riceville an<l Chalk Level, Va. Section between 
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pp. 3, 33, 3!. C. H. Hitchcock, '74. 
Hotchkiss, '73. Hotchkiss, '81, p. 120. 
Hotchkiss, '83. Hull, '81, lJ· 460. Le 
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59-60. Nuttall, '21, pp. 35-37. Patton, '88, 
pp. 22--23. Pierce, '28, pp. 57-58. W. B. 
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Emmons, '57, p. 101. Fontaine, '83. New
berry, '76b, p. 148). 

Description of (Brongniart, '28, vol. 1, pp. 
124-126, 391, pls. 14-16, 137. Bunbury, 
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Section of (W. B. Rogers, '36, pl. -. W. B. 

Rogers, '39, pl. 2. Rogers, '84, pl. 7-8). 
Sections of dikes in, after C. Lyell (W. M. 

Davis, '83, p. 281, pl. 9). 
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Rictnnoml county, N.Y. Account of Red sand
stone and conglomerate in (Mather, '43, 
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445-446). 
Supposed to be tadpole nests (E. Hitchcock, 
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ell, '42, pp. 133-134). 
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Reference to quarries ncar (C. E. Hall, '81, p. 
56). 

Unconformity of Newark system with under
lying gneiss (H. D. Rogers, '36, pp. 144-
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113-114. H. D. Rogers, '3G, pp.163-164). 
Dip in sandstone and shale at (Cook, '82, p. 25). 
Dip ncar (Cook, '68, p.196). 
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nia. 

Harrisburg, pp. 1-156, pl. 1. 
Describes the Newark rocks bordering the 

South mountain, Pa., pp.16-17, 38-39. 

ROGERS, HENRY D. 1841a. 
[Remarks on the columnar structure of the 

trap dikes of Pennsylvania and on the 
magnetic iron ores of New Jersey.] 

In .Am. Jour. Sci., vol. 41, p. 173; also in .A.m . 
.Assoc. GeoL and Nat., Proc., 1840-1842, 
p. 26. 

Brief abstract of a remark on a paper by Prof. 
Mather concerning joints in rocks. 

ROGERS, H. D. 1842. 
[Remark on the independent origin of theN ew 

Red sandstone of the Connecticut valley 
and of New Jersey and Pennsylvania.] 

ROGERS, H. D.-Continued. 
In .Am. Jour. Sci., vol. 43, pp. 170, 171, 172; 

also in .Am . .Assoc. GeoL and Nat., Proc., 
1840-1842, pp. 63, 64, 66. 

Brief abstract of remarks to the ~ffect that 
the Newark rocks of tho Connecticut val
ley and of the New Jersey-Pennsylvania 
area was formed in independent basins. 

ROGERS, H. D. 1843, 
[Remarks in reference to the age of the New

ark system.] 
In Philadelphia .Acad. Nat. Sci., Proc., vol. 1, 

p. 250. 
States that Posidonomia minuta, from Princl.' 

Edward county, Va., indicates that the 
rocks in which it occurs are the New Red 
sandstone. 

RoGERS, HENRY D. 1843a. 
On the physical structure of the .Appalachian 

chain, as exemplifying the laws which 
have regulated the elevation of great 
mountain chains generally. 

See Rogers, William B. and H. D. Rogers, 1843. 

ROGERS, [H. D.] 1843b. 
[Remarks on the age of the New Red sand

stone of the Connecticut valley aml New 
Jersey.] 

In .Am. Jour. Sci., vol. 45, p. 315. 
.Abstract of remarks on a paper by W. C. Red

field. 
[ROGERS, H. D.] 1843c. 

[On the crescent form of the trappean clikes 
of tl1e Newark sandstone regions of New 
Jersey and Connecticut.] 

In .Am. ,Jour. Sci., voL 45, p. 334. 
.Abstract of remarks on the cause of the topo

graphic form of the trap ridges referred to. 

ROGERS, HENRY D. 1844. 
.Address delivered at the meeting of the .Asso

ciation of .American Geologists and Natu
ralists, held in Washington, May, 1844. 

In .Am. Jour. Sci., vol. 47, pp.137-160, 247-278. 
Reviews the progress made in the study of 

the Newark system up to 1844. 
ROGERS, H. D. 1848. 

[.Altered shales and sandstones at NewHope, 
Pa.] 

In Boston Soc. Nat. Hist., Proc., voL 3, 1848-
1851, p. 30. 

.A brief record of contact metamorphism. 
ROGERS, HENRY D. 1853. 

[On the thickness of the Connecticut valley 
sandstone.] 

In Boston Soc. Nat. Hist., Proc., vol. 9, 1851-
1854, pp. 379-380. 

Remarks on a paper by Edward Hitchcock, 
states that the Newark strata may have 
been deposited in an inclined position. 
Refers to instances where the system is 
not so thick as might be inferred. 

ROGERS, II. D. 1853a. 
[Remarks on the age of Connecticut sand

stone.] 
In .A.m . .Acad., Proc., vol. 3, p. 70. 

ROGERS, H. D. 1854. 
[Remarks on fossil footprints.] 
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ROGERS, H. D.-Continued. 
In Boston Soc. Nat. Hist., Proc., vol. 5,1854-

1855, p. 30. 
Brief remarks in discussion of a paper by 

Bouve. 
ROGERS, H. D. 1806. 

[Remarks on footprints and raindrop impres
sions.] 

In Boston Soc. Nat. Hist., Proc., vol. 5, 1854-
1856, pp. 182-185. 

In describing certain Carboniferous footprints, 
refers to those of' the N ewark system, sug
gests that the so-called raindrop impres
sions may have been made by spray from 
breaking waves, p. 185. 

ROGERS, HENRY DARWIN. 1856. 
Geological map of the United States and 

British North America. 
In The Physical Atlas of Natural Phenomena 

by Alexander Keith .Johm.on. New and 
enlarged ed., pp. 29-32, pl. 8. 

Contains a condensed account of the Newark 
system, including geographical extent, 
organic remains, and geological age, dip 
and physical conditions attending its 
origin, trap' rocks, metalliferous veins, 
coal formation, etc., p. 32. 

History of the literature of the Newark sys
tem, p. 32.* 

OOGERS, HENRY DARWIN. 1858. 
The geology of Pennsylvania. 
Philadelphia, vol. 1, pp. i-xxvii, 1-586, pl. 36; 

vol. 2, pp. i-xxiv, 1- 1046, pl. 51. Accom
panied by an atlas cont.aining a geological 
map of Pennsylvania in three sheets, a 
tollographical and geological map of the 
anthracite fields of Pennsylvania in two 
sheets, and two sheets of Rections. 

In describing the crystalline and Paleozoic 
rocks of Pennsylvania, in vol. 1, several 
references are made to the relation of the 
Newark system to older formations, and 
also to its lithological character, strike, 
dip, trap dikes, ores; etc., pp. 86-87, 88, 89, 
90, 92, 101-102, 103, 151, 160, 164, 204, 214. 

The following is a table of contents of vol. 2, 
in as far as it relates to theN ewar k system : 

Page. 
Geographical limits of the sandstone. 667-669 
Composition of the Red sandstone. __ 669-670 
On the dip of 'the strata. __ __ - ___ .. . - - 670-671 
Igneous rocks of the Red sandstone.. 671 
Detailed description of the members 

of the Newark system .. _ ......... 672-679 
Red shale and sandstone ..•.... ---- 672-675 
Boundary of the Red sandstone in 

Chester county lead mining dis-
trict ______ . __ . . _ ... ______ ~ _. . . . . . . 675-677 

On the Red shale and sandstone in 
York and Adams counties._______ 677 

Section along the west side of the 
Susquehanna river. __ .. _ ......... 679-680 

Lower calcareous conglomerate west 
of the Susquehanna._. __ ... _. ____ 679-680 

Upper calcareous conglomerate. ____ . 681-684 
Upper calcareous conglomerate Routh-

west of the Susquehanna _ .. ___ . _ 682-684 

ROGERS, HENRY DARWIN-Continued. Page. 
Trap dikes and alterations produced 

in the strataincontactwith them. 684-692 
Organic remains and geological age._ 692-697 

Question of age---·-- ___ _. ___ .... ___ 693 
Red sandstone of the Connecticut val-

ley ____ .. _ .. _________ ... _ _ _ _ _ _ _ _ _ _ 694 

Organic remains of the main Red sand-
stone belt of thfl Atlantic slope __ 695-696 

Fossils of Virginia and North Caro-
lina ______________ . __ . ____________ 696-697 

Trap dikes of the Wheatley Lode._._ 702-703 
Trap dikes at Elizabeth copper mine, 

Hopewell furnace, Warwick iron 
mines, etc.______________________ _ 707 

Sketch of the geology of the Older 
Mesozoic Newark of the United 
States . ________________________ . __ 759-765 

Red sandstone._.-- .. --- - --- ___ -- ___ 760-761 
Dip of the Red sandstone, and 

physical conditions attending its 
origin ............ __________ _____ . 761-763 

Trap rocks ____ ... _ . __ ________ ...•.. 763 
Metalliferous veins _____ . _______ .• _ 768 
Coal deposits._. __ -------- ______ ---- 763-764 
Fossils __ . __ . _____ . ________ . _. _. _ _ _ _ 764 
Nat ural coke. _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 764 

North Carolina c.oal field __ .. _ _ _ _ _ _ _ 764 
.r ura-Trias of the Far West._ .. _ _ _ _ 764-765 

Cleavage in Red shale caused by trap 
dikes ... __ _ .. _._ .... __ . _____ ·-·-.. 912 

ROGERS, H. D. Cited on age of the Connecticut 
valley sandstone (C. H. Hitchcock, '55, p. 
392). 

Cited on age of the Newark rocks of Pennsyl
vania (W. C. Redfield, '56a, p. 357). 

Newark system (Lea, '53. Lea, '58. Mather, 
'43, pp. 293-294. Newberry, '88, p. 9. W. 
C. Redfield, '56, pp. 181). 

Richmond coal field, Va. (W. B. Rogers, '43, 
p. 301). 

Cited on conglomerate in New .Jersey (Cook, 
'89,p.15). York county, Pa. (Frazer, '85, 
p. 403). 

Cited on conglomerate of Virginia (W. B. 
Rogers, '36, pp. 81--82). 

Cited on contact metamorphism in New .Jer
sey (W. M. Davis, '83, p. 301). 

New .r ersey, at Rocky Hill (.J.D. Dana, '43, 
pp. 113-114). 

Cited on curved form of certain trap ridges 
(W. M. Davis, '83, p. 307. Silliman, '44). 

Cited on deposition of the Newark system in 
inclined strata (W. B. Rogers, '42). 

Cited on divisions of the "Middle secondary 
rocks" of the Atlantic slope (Lea, '53, pp. 
191-192). 

Cited on extent of Triassic rocks in North 
America (Archaic, '60, pp. 633-645). 

Cited on fossil plants (Marcou, '90. New
berry, '88). 

Cited on geological map of the United States 
(Marcou, '59, pp. 31-35). 

Cited on geological position of the Newark 
system (E. Hitchcock, '41, ll. 438). 

Cited on intrusive trap sheets in Pennsylva
nia (W. M. Davis, '83, p. 294). 
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ROGERS, H. D.-Continued. 
Cited on iron ores in Pennsylvania (Frazer, 

'77, p. 317). 
Cited on mode of deposition of the Newark 

rocks of Pennsylvania (Frazer, '77c, p. 653. 
Lea, '53, pp. 191-192. E. Hitchcock, '41, 
PIJ. 527-529. Mather, '43, })p. 288-292. 
Mitcl1ell, '42, p. 133). 

Cited on monoclinal structure of the Newark 
(W. M. Davis, '83, p. 302. W. M. Davis, 
, 86, pp. 342-343) . 

Cited on native silver in New .J orsey (Darton, 
'85). 

Cited on Newark system in New .Jersey and 
Pennsylvania (.Tones, '62, pp. 88-92). 

Pennsylvania (Frazer, '77a, p. !>95). 
Cited on origin and deposition of Newark 

strata (W. M. Davis, '83, p. ~87). 
Cited on origin of the dip in the Newark rocks 

of Pennsylvania (Macfarlane, '79, p. 41). 
Cited on origin of the trap rock of New .Jer

sey (Hovey, '89, p. 376). 
Cited on overflow trap sheets in Pennsylvania 

(W. M. Davis, '83, p. 298). 
Cited on }Jrevailing clip of theN ewark (W. M. 

Davis, '83, pp. 305, 306). 
Cited as prevailing clip of the Newark in New 

.Jersey and Pennsylvania (W. B. l{ogers, 
'39, p. 72). 

Cited on relation of trap and sandstone in New 
.Jersey (\V.M.Davis, '83, p.287). 

Pennsylvania (W. M. Davis, '83, p. 287). 
Cited on reptilian remains in Newark rocks 

at Phrenixville, Pa. (Wheatley, '61 p. 42). 
Cited on structure of the Newark ·system 

(Cook, '87). 
Cited on thickness of the Newark in Penn

sylvania (Frazer, '77a, pp. 4!>6, 498-499). 
Cited on trap at Feltville, N . .J. (Darton, '90, 

p. 26). 
Cited on trap dikes iu New .Jersey (H. D. 

Rogers, '58, vol.2, p. 685). 
Pennsylvania (W. M. Davis, '83, p. 292. 

Lewis, '85, pp. 438-439, 441, 443). 
Cited on ' 'variegated calcareous conglomer .. 

ate" of New .Jersey (Lea, '53, p. 190. Rus
sell, '78, p. 231-232). 

Description of fossil Estheriro, collected by 
(.Jones, '62, pp.123-126). 

Discussion of hypotheses by, explaining the 
uniform dip (W. M. Davis, '82a, p.ll8). 

Hypothesis proposed by, to account for the 
general inclination of the Newark rockA 
of New .Jersey (Russell, '78, p. 228). 

Notice of work by (Miller, '79-'81, vol. 2, p. 
147). 

Reference to explanation of the structure of 
the Newark system, by (See Cook, '89a, 
p.170). 

ROGERS, HENRY D., LARDNER VANUXEM, 
RICHARD C. 'l'AYLOR, EBENEZER EM· 
~IONS, all(l T. A. CONil.AD. 1841. 

Report on the ornithichnites or footmarks of 
extinct birds in theN ew Red sandstone of 
Massachusetts and Connecticut, observed 
and described by Prof. Hitchcock, of Am
herst. 

ROGERS, HENRY D., LARDNER VANUXEM, 
RICHARD C. TAYLOR, EBENEZER EM· 
MONS, and T. A. CONRAD-Continued. 

In Am . .Jour. Sci., vol. 41, pp. 165-168; also in 
Am. Assoc. Geol. and Nat., Proc., 1840-
1842, pp. 18-21, and in final report on the 
geology of Massachusetts, by E. llitch
cock, Amherst ancl Northampton, 1841, 
4to, vol. 1, pp. 2a-3a. 

Abstract inN eues .J ahrbuch, 1841, pp. 739-740. 
Report of a committee ·appointed from the 

members of the Association of American 
Geologists and Naturalists, and relates 
especially to the evidence of the animal 
origin of tho footprints found in the sand
stone of the Connecticut valley. The 
conclusion announced by Hitchcock as to 
the ornithic character of many of the foot
prints is sustained. 

ROGERS, WILLIUI B. 1836. 
Report of the geological reconnoissance of the 

state of Virginia. 
Philadelphia. Pp. 1-143, pl. 1. 
Reprinted in a reprint of annual reports and 

other papers on the geology of the Vir
ginias, I.Jythe late William Barton Rogers. 
New York, 1884, pp. 21-122, pl. 1. 

Contains a detailed account of the Richmond 
coal field, pp. 52-61, and a brief notice of 
tho presence of sandstone suitable for 
building purposes in Orange, Nelson, and 
Amherst counties. 

ROGERS, WILLI.Altl B. 1837. 
Report on the progres~; of the geological sur

vey of the state of Virginia for the year 
1836. 

[Richmond.] 4to, pp. 1-14. 
Reprinted in a reprint of annual reports and 

other papers on the geology oi the Vir
ginias, by the late William Barton Rogers. 
New York, 1880, pp.123-145. 

Contains a brief account of the Richmond 
coal field, and also of the Newark area in 
northern Virginia, pp. 5-6, 7. 

ROGERS, WULI.Altl B. 1839. 
Report of the progress of the geological survey 

of the state of Virginia for the year 1839. 
Richmond, 1840. Pp. 1-161, pls. 1-2. 
Reprinted in a reprint of annual reports and 

other papers on the geology of tho Vir
ginias, by the late William Barton Rogers. 
New York, 1889, pp. 285-410, pl. op. p. 276, 
and pl.l. 

Contains a description of theN ewark areas in 
Pittsylvania, Campbell, A p p om at to x, 
Prince Edward, Halifax, Buckingham, and 
Cumberland counties, Va. The contents 
are as follows: 

, Page. 
General features of the formation.... 69-74 
Boundaries of the formation .. .. .. .. • 74-77 

In Pittsylvania, Halifax, and Camp-
bell conn ties ...... : .. .. .. . .. .. .. . 7 4.-76 

In Prince Edward, Cumberland, and 
Buckingham counties............ 76-77 

Character and contents of the forma-
tion . .. . . . . .. . . . . . • • • • . .. • • • . . • • • • 77--81 
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ROGERS, WILLIAM B.-Continued. 
Igneous rocks, and associated meta· 

morphism.·-- __ ................ -- 81-83 
ROGERS, WILLIAlll B. 1840. 

Report of the progress of the geological sur
vey of the state of Virginia for the year 
1840. 

Richmond, 1841. Pp.1-132. 
Reprinted in a reprint of annual reports and 

other papers on the geology of the Vir
ginias, by the late William Barton Rogers. 
New York, 1884, pp. 411- 435. 

Contains a description of the boundaries and . 
principal characteristics of the Newark 
areas in northern Virginia, included in 
Orange, Culpeper, Prince William, Fau
quier, Fairfax, and I .. oudoun counties, pp. 
59-69; and also a description of the bound
ary of the northern part of the Richmond 
area, pp. 71-72. On p. 124 a short notice of 
the occurrence of coke in the Richmond 
coal field is given. 

ROGERS, W. B. 1842. 
[On the prevailing dip in the various areas of 

New Red sandstone of the Atlant-ic slope.] 
In .A.m. Jour. Sci., vol. 43, p. 171; also in .A.m. 

Assoc. Geol. and Nat., Proc., 1840-1842, 
pp. 64-65. 

An abstract of remarks on the prevailing dip 
of the Newark system, especially in Vir
ginia, and tho slight effect of intrusive 
rocks on the associaterl sedimentary beds. 
The hypothesis proposed by H. D. Rogers, 
in reference to the strata of sandstone aml 
shale composing the system having been 
deposited in their present inclined posi
tion, is sustained. 

ROGERS, W. B. 1842a. 
[Observations tending to show that the foot

prints on the sandstone of the Connecticut 
valley were made on inclined surfaces.] 

In .A.m. Jour. Sci., vol. 43, p. 173; also in .A.m. 
Assoc. Geol. and Nat., Proc., 1840-1843, p. 
66. 

Calls attention to the appearance in certain 
footprints of a slight sliclin"g of the foot 
which made the impression. 

ROGERS, Wlll. B. 1842b. 
On the porous anthracite or natural coke of 

eastern Virginia. 
In A.m. Jour. Sci., vol. 43, pp.175-176; also in 

Am. Assoc. Geol. and Nat., Proc., 1840-
1842, p. 68. 

Brief abstract of a papblr describing the 
structure and mode of formation of the 
natural coke of Virginia. 

ROGERS, W. B. 1842c. 
[Oh the geological age of the Richmond coal 

field, Va.] 
In Philadelphia .A.cad. Nat. Sci., Proc., vol. 1, 

p. 142 . 
.A. brief announcement that the rocks of the 

Richmond coal field are equivalent in 
time to the Lias of Europe. 

ROGERS, WULIAM BAR'fON. 1843. 
On tho age of the coal rocks of eastern Vir

ginia. 

ROGERS, WILLIAlll BARTON-Continued. 
In .A.m. Assoc. Geol. and Nat., Trans., 1840-

1842, p. 298-316, pls. 13, 14. 
Abstract in .A.m. Jour. Sci., vol. 43, 1842, p. 

175; also in .A.m. Assoc. Geol. and Nat., 
Proc., 1840-1842, p. 68. 

Republished in ''.A. reprint of annnal reports 
and other papers on the geology of the 
Virginias," by the lato William Barton 
Rogers. New York, 1881, pp. 645-656, and 
plate. 

Describes briefly the rocks of the Richmond 
coal field, discusses their probable age, 
and gives descriptions and figures of a 
number of fossil plants found in them. 

ROGERS, W. B. 1843a. 
Observations of subterranean temperatures 

in the coal mines of eastern Virginia. 
In .A.m. Assoc. Geol. :mel Nat., Trans., 1840-

1842, p. 532-538. 
Abstract in .A.m. Jour. Sci., vol. 43, p. 176; 

also in .A.m. Assoc. Geol. and Nat., Proc., 
1840-1842, p. 69. 

Describes briefly the stratigraphy of the 
Richmond coal :field, thickness of coal, 
dip of strata, etc., and gives observations 
of temperature in various mines, the 
depths of which are stated. 

ROGERS, WILLIAlll B. 1851. 
[Difficulty of determining the age of the coal 

beds of North Carolina and Virginia.] 
In .A.m. Assoc . .A.dv. Sci., Proc., vol. 4, p. 275. 
Discussion of a paper by W. R. Johnson. 

ROGERS, W. B. 1853. 
[Age of the Deep river coal :field, North Caro

lina.] 
In .A.m . .A.cad., Proc., vol. 3, 1852-1857, pp. 

69, 70. 
Abstract of remarks in reference to the simi

larity of the Newark system in North 
Carolina, Virginia, ancl Pennsylvania. 
Followed by remarks on the ago of the 
same system, by L. Agassiz and T. C. 
Jackson. 

ROGERS, W. B. 1854. 
[Remarks on fossils from the MiddlE> Second

ary strata of North Carolina, Virginia, 
Pennsylvania and Massachusetts.] 

In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 
14-18; also in .A.m. Jour. Sci., 2d. ser., vol. 
19, 1855, pp. 123-125. 

Abstract in Ann. Sci. Discov., 1855, pp. 330-
333, and in .A.m. Jour. Sci., 2d. ser., vol. 
19, pp. 123-125. 

Describes briefly several of the Newark areas 
and makes a comparison of their fossils. 
The conclusion is reached that the fossils 
indicate a Jurassic age. 

ROGERS, WULIAM B. 1854a. 
[Observations on the occurrence of natural 

coke in the Richmond coalfield, Va.] 
In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 

53-56. 
Reprinted in The Virginias, vol. 4, pp. 158-

159. 
.Abstract in Ann. Sci. Discov., 1855, pp. 320-

322. 
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ROGERS, WILLIAM B.-Continued. 
Describes the occurrenee of natural coke and 

its relation to igneons injections. The 
presence of baked fire clay associated with 
the coke is also mentioned. 

ROGERS, W. B. 18Mb. 
[On natural coke in the Richmond coal field, 

Va.) 
In Am. Acad .. Proc., vol. 3, 1852-1857, pp. 

106-107. 
Describes the natural coke and its relation to 

a trap sheet. The trap if; supposed to 
have been extruded before the rocks 
above it were deposited. 

ROGERS, W. B. 1855. 
[On lignite from Lancaster county, Pennsyl

vania, and from the Richmond coal field, 
Va.) 

In Boston Soc. ~at. Hist., Proc., vol. 5, pp. 
189-190. 

From the similarity of specimens of lignite 
from the localities mentioned in the title 
it is concluded that the rocks from which 
they were obtained are of the same age. 

ROGERS, WM. B. 1855a. 
[Remarks on the age of the coal-bearing rocks 

near Richmond, Va., and of the Newark 
areas in North Carolina.] 

In Boston Soc. Nat. Hist., Proc., vol. 5, p.186. 
The age of the deposits mentioned is consid

ered the same, judging from specimens of 
lignite from each. 

ROGERS, WILLIAM B. 1855b. 
[On a new locality for Posidonomaya in the 

Mesozoic rocks of Virginia.] 
In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 

201-202. 
From the discovery of specimens of Posido

nomaya near the junction of the Ban
nister and Dan rivers, Virginia, the rocks 
containing them are correlated with the 
Mesozoic strata of Prince Edward county 
and other localities. 

ROGERS, WILLIAM B. 1855c. 
[Local metamorphism produced by trap dikes 

in Prince William county, Virginia.) 
In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 202-

204. 
De&cribes the character and general strike of 

the trap dikes of the region mentioned, 
together with the alteration they have pro
duced on the adjacent shales and sand
stones. From the evidences of alteration 
in sedimentary beds similar to that adja
cent to the dikes, over a large area, the 
hypothesis is suggested that the rocks in 
question were formerly covered by a trap 
sheet which has been eroded away. 

ROGERS [W. B.]. 1869. 
[Who first discovered the footprints in the 

Connecticut valley sandstone.) 
In Boston Soc. Nat. Hist., Proc., vol. 7, 1859-

1861, p. 53. 
Relates to the claims of Deane and Hitchcock 

to priority in the discovery of the footprints 
in question. Remarks in discussion of a 
paper by T. T. Bouve. 

ROGERS, W. B. 1860. 
lRemark on the deposition of the inclined 

strata of the Newark system.) 
In Boston Soc. Nat. Hist., Proc., vol. 7, 1859-

1861, p. 274. 

Refers briefly to the Newark system as an ex
ample of the manner in which inclined 
strata may be deposited. 

ROGERS [W. B.]. 1860a. 
[On a block of Red sandstone from Portland, 

Connecticut, containing impressions of 
bones, apparently ornithic.) 

In Boston Soc. Nat. Hist., Proc., vol. 7, p. 396. 

ROGERS [W. B.]. 1860b. 
[On the age of the sandstone on the St. Croix. 

New Brunswick, and at Perry, Me.) 
In Boston Soc. Nat. Hist., Proc., vol. 7, pp. 

398-399. 
The rocks at the localities mentioned in the 

title are not admitted to be of Newark 
age. 

In dis~ussion of a paper by C. T. Jackson. 

ROGERS, WILLIAM B. 1879. 
List of geological foriHations found in Vir

ginia and West Virginia. 
In American geological railway guide, by 

James Macfarlane, pp. 179-185. 
Describes briefly the Newark (Jurasso-Creta

ceous and the Jurasso-Triassic) rocks of 
Virginia, and indicates their position in 
the geological column, p. 180. 

ROGERS, W. B. 1880. 
The iron ores of Virginia and West Virginia. 
In The Virginias, vol. 1, pp. 128-130, 138-140, 

152-153, 160-161. 

Contains an account of the Mesozoic iron 
ores of Virginia. 

ROGERS, WILLIAM B. 1880a. 
Table of the geological formations found in 

V[irgini)a and W[est] V[irgini]a. 
In The Virginias, vol. 1, pp. 14- 15. (Repub

lished in The Virginias, vol. 3, p. 61.) 
Indicates .the position of the Newark system 

in the geological column. 

ROGERS, WILLIAM BARTON. 1884. 
A reprint of annual reports and other papers 

ou the geology of the Virginias, by the 
late William Barton Rogers. 

New York. Pp. i-xv, 1-832, with 7 plates in 
volume and 8 plates and 1 geological map 
in pockets. 

Reviewed by J. L. and H. D. Campbell in Am. 
Jour. Sci., 3d ser. vol. 30. pp. 357-374, vol. 
31, pp. 193-202. 

The reports and paper in this volume which 
contain matter relating to the Newark 
system have been noticed in this index as 
originally published.. The geological map 
of Virginia, and some of sections on pls. 
7-8 were not published originally with 
the reports. 

ROGERS, WILLIAM BARTON. Analysis of coal 
from the Richmond coaJ. field, V a.. Clif. 
ford, '87, p. 10). 
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ROGERS, WILLIA~I BARTON-Continued. 
Cited on age of the Newark system (Dewey, 

'57. C. H. Hitchcock, '71, p. 21. E. Hitch
cock, '55a, p. 407. Hitchcock and Hitch
cock, '67, p. 416. Lea, '53, p. 188. Mather, 
'43, pp. 293-294. Newberry, '88, p. 9. W. 
C. Redfield, '56, pp. 180-181. Stur, '88, p. 
205. Zeiller, '88, p. 698). 

Cited on age of the Newark in the Connecti
cut valley (E. Hitchcock, jr., '55, p. 25). 

In New ,J.ersey, Virginia, etc. (J.D. Dana, 
'56, p. 322). 

In North Carolina (Emmons, '56, p. 272. 
Macfarlane, '77, pp. 517, 528). 

In Virginia (Fontaine, '83, pp. 12, 15, 16, 28, 
37, 89. R. Hitchcock, '58, p. 6. Horner, 
'46. Lyell, '47, pp. 261, 279, 280. Lyell, 
'49, pp. 280-281. Marcou, '49, pp. 273-274. 
Marcou, '58, pp. 13-15. Macfarlane, 
W. C. Redfield, '56a, p. 357. H. D. Rogers, 
'58, vol. 2, pp. 693, 696). 

Cited on faults in the Richmond coal fields, 
Va. (\V. M. Davis, '83, p. 304). 

Cited on footprints from Turners Falls, Mass. 
(Deane, '56). 

Cited on fossils of the Richmond coal field, Va. 
(Heinrich, '78, p. 264). 

Cited on a fossil crustacean from Va. (Jones, 
'62, pp. 123-126. H. D. Rogers, '43). 

Cited on fossil crustaceans (Jones, '62, p. 85). 
Cited on fossil plants (Marcou, '!JO). 
Cited on geological position of the Newark 

system (E. Hitchcock, '41, p. 438). 
Cited on intrusive tr: •. p 11heets in Virginia (W. 

M. Davis, '83, p. 294). 
Cited on mode of formation of the Newark 

system (E. Hitchcock, '41, pp. 527- 529). 
Cited on origin of the conglomerate ''Potomac 

marble" on the west border of the New· 
ark of Maryland and Virginia (Lea, '53, p. 
189). 

Cited on origin of the natural coke of the 
Richmond coalfield, Va. (Hotchkiss, '83. 
Stevens, '73). 

Cited on origin of the Newark system (Cook, 
'89, p. 13). 

Cited on origin of the prevailing dip of the 
rocks of the Newark system (Newberry, 
'88, p. 6). 

Cited on Pecopteris whitbyensis (Emmons, 
'56, p. 326). 

Cited on relation of trap and sandstone in 
Pennsylvania (W. M. Davis, '83, p. 287). 

Cited on Richmond coal field, Va. (Clifford, 
'87, pp. 4, 25. Taylor. '48, p. 416). 

Cited on Treniopteris from Richmond coal 
field (Bunbury, '47, p. 281). 

Cited on temperatures iu coal mines of Rich
mondcoalfield, Va. (Taylor, '48, pp. 49-50). 

Cited on the tilting of the sandstone and trap 
of the Richmond coal field, Va. (W. M. 
Davis, '83, p. 302). . 

Citecl on traJl dikes in Virginia (W. M. Davis, 
'83, p. 292). 

Geological map of Virginia (Hotchkiss, '80). 
Notice of ;~ork by, in Vjrginia (Milltlr, '79- '81, 

vol. 2, p.149). 

ROGERS, WILLIAM BARTON-Continued. 
. SectionoftheRichmondcoal:field, Va. (Hotch-

kiss, '80). 

ROUERS, WILLIAM B., and HENRY D. ROG-
ERS. 1843tt. 

On the physical structure of the Appalachian 
chain, as exemplifying the laws which 
have regulated the elc~ation of great 
mountain chains generally. 

In Am. Assoc. Geol. and Nat., Trans., 1840-
1842, pp. 474-531, pl. 3. 

Describe an unconfOimity between the New
ark system and the crystalline rocks on 
which it rests, p. 523. 

Roger's head, N. B. Rocks of (Gesner, '40, pp. 
16,17). 

Roger's mills, N.J. Synclinal axis near (H. D. 
Rogers, '40, p. 128). 

Roger's point, N. B. Rocks of (Gesner, '41, p. 
14). 

Rogerstown, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. 668), 

Rosemont, N.J. Dip in shale at (Cook, '82, p. 26). 

Rosstown, Pa. Contact metamorphism near (H. 
D. Rogers, '58, vol. 2, p. 679). 

Trap dikes n ear (H. D. Rogers, '58., vol. 2, p. 
688). 

Trap ranges near (H. D. Rogers, '58, vol. 2, p. 
679). 

Ros~;ville, P:t. Catalogue of specimens of sand
stone, trap, etc., from near (Frazer, '77, pp. 
332-381). 

Mention of various rock specimens from near 
(C. E. Hall, '78, pp. 39- 69). 

Rothville, Pa. Boundary of the Newark near 
(]'razer, '80, p. 44). 

Round mountain, N. J. Description of (Cook, 
'68, pp. 193-194. Cook, '82, pp. 63-64. 
Darton, '90, pp. 02-65). 

Diverse dips near (Nason, '89, p.18). 
Origin of trap of (Darton, '89, p.138), 
See also Pennington mountain (Cook, '68, p. 

190). 
Round Top, Pa. Analysis of trap from (Frazer, 

'77, p. 310). 
Contact metamorphism at (H. D. Rogers, '58, 

vol. 2, p. 687). 
Trap dikes at (H. D. Rogers, '58, vol. 2, p. 687). 
Trap from (C. E. Hall, '78, pp. 29, :!9). 

Round valley, N.J. Dip in (Cook, '68, p. 199). 
Dip in indurated shale at (Cook, '82, p. 28). 
Small sandstone area near (Cook, '68, p. 75). 

Round valley llill, N. J. Described bri~fiy as a 
trap outcrop (H. D. Rogers, '36, p. 159). 

Round valley mountain, N.J. Analysis of trap 
from (Cook, '68, p. 218). 

Character of the formation near (H. D. Rogers, 
'40, p. 132). 

Description of (Cook, '68, p.193. Cook, '82, pp. 
64-65). 

Dip in shale near (Cook, '82, p. 29). 
Dip southwest of (H. D. Rogers, '40, p.132). 
Trap outcrop at (Cook, '82, p.19). 

Rowlet's coal mine, Va. Notes on (Taylor, '35, p. 
285). 
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RUSSELL, I. C. 1877. 
Concerning footprints. 
In .American Nat., vol. 11, pp. 406-417. 
Contains a popular account of the fossil foot-

prints of New Jersey and the Connecticut 
valley. 

RUSSELL, I. C. 1878. 
On the physical history of tho Triassic form~

tion in New Jersey l\ncl tho Connecticut 
valley. 

In Now York Acad. Sci., Ann .. vol.1, 1879, pp. 
220- 254. 

Reviewed by P. Frazer, in Am. Nat., vol. 13, 
pp. 284--292, ancl by J. D. Dana in Am, 
Jour. Sci., 3d ser., vol. 17, pp. 32S--330. 

Indicates briefly the distribution of the vari
ous areas of Newark system, pp. 220-222. 
Describes the Red sandstones and shales, 
variegated conglomerate, and eruptive 
rocks of the New J ersoy area, pp. 222-246. 
In treating of this division of the subject 
numerous details are mentioned, and the 
conclusion reachecl that the Newark rocks 
of New Jersey and of the Connecticut 
valley were united at the time of their 
deposition, upheaval ancl erosion having 
since separated the two areas. 

RUSSELL, ISRAEL COOK. 1878a. 
On the intrusive nature of tho Triassic trap 

sheets of New Jersey. 
In Am. Jour. Sci., 3d ser., vol. 15, Jlp. 277-280. 
An attempt to provo that certain trap sheets 

in New Jersey are intrusive sheets ancl 
not iuterbeclded overflows of igneous 
rocks. 

UUSSELJ,, ISRU~L COOK. 1878b. 
On the occurrence of a solid hydrocarbon in 

·tho eruptive rocks of New Jersey. 
In .Am. Jour. Sci., 3d ser., vol.Hi, pp.112-114. 
Abstract in Am. Nat., vol.13, pp.19S--199. 
Describes the occurrence of a solid hydrocar-

bon in the trap of the First Newark moun
tain, N.J., ancl referH to previous discov
eries of similar substances. See also pp. 
130- 132 of same volume. 

RUSSELL, I. C. 1879 •• 
Footprint in tho Mesozoic rocks of New Jer

sey. 
Iu Am. Jour. Sci., 3d ser., vol.18, p. 232. 
Brief record of the finding of a fossil foot

print near Boonton, N.J. 

RUSSELL, ISRAEL C. 1880. 
On the geology of Hudson county, New Jer

sey. 
In New York Acacl. Sci., Ann., voL 2, 1882, 

pp. 27-80, pl. 2. 
Republished in part in Science (eel. by J. 

Mitchels), voL 2, 1881, pp. 63-65. 
Describes the sandstones and lilhales of Hud

son county, N.J., and tho trap rocks that 
have been in trudecl among them. 

RUSSELL, I. C. 1880a. 
On the former extent of the Triassic formation 

of the Atlantic states. 
In Am. Nat., voL 14, pp. 703-712. 

RUSSELL, I. C.-Continued. 
Assembles various observations which are 

COllSideretl by the writer as indicating that 
the various Newark areas were originally 
connected and have since been separated 
by erosion. 

ltUSSELL, ISRAEJ, COOK. 
North Carolina coal :fiehls. 
In Science, vol. 6, pp. 548-549. 

1889. 

Notice of a report on the coal fields of North 
Carolina, by H. M. Chance. 

RUSSELL, ISRAEJ, COOK. 1889. 
Subaerial decay of rocks aml origin of the 

red color of certain tormations. 
U.S. Geol. Surv., Bull. !>lo. 52, pp. 1-65. 
Reviewed by J.D. Dana in Am. Jour. Sci., 

3d ser., vol. 39, pp. 317-319. 
Discusses the origin of the prevailing red 

color of the sandstones and shales of the 
Newark system, pp. 44-55. 

RU.SSELL, I. C. 1889a. 
The Newark system. 
In Am. Geol., vol. 3, pp.178-182. 
Revicwe(l by C. H. Hitchcock in Am. Geol., 

vol. 5, pp. 200-202. 
Gives a list of names and correlations applied 

to the Red sandstone, shale, otc., which 
occur in detach eel area along tho Atlantic 
coast. Suggest~S that tho name, Newark 
system, proposed by W. C. Redfield, in 
1856, be used to designate the system of 
rocks referred to. 

RUSSELL, ISRAEL COOK. 1891. 
Has "Newark" priority as a group name. 
In Am. Geol., Yol. 7, pp. 23S--241. 
A reply to criticisms by C. H. llitchcock. 

RUSSELL, I. C. Cite(l on cause of the tilting of 
tho Newark (W. M. Davis, '83, p. 303). 

Curvecl form of certain trap ridges (W. M. 
Davis, '83, p. 307). 

JJ'ossil footprints in New Jersey (C. H. 
Hitchcock, '88, p. 123). 

Former connection of the Newark system 
in New Jersey ancl Connecticut valley 
(LeConte, '82, pp. 470, 600). 

Former extent of the Newark system (New
berry, '88, p. 6). 

Geology near Feltville, N.J. (W. M. Davis, 
'83, p. 275). 

Intrusive trap sheets in New Jersey (W. 
M. Davis, '83, pp. 295, 296. Russell, '78, 
p. 243). 

Newark of New Jersey (Miller, '79-'81, vol. 
2, p. 235). 

Origin of the red color of Newark sand
stones (J.D. Dana, '90, p. 319). 

Solid hydrocarbon in the igneous rocks of 
New Jersey (J.D. Dana, '78). 

Structure of the Newark system (Cook, '87). 
Trap at Foltville, N.J. (Darton, '90, p. 26). 
Trap ridges (Frazer, '82, p. 141). 

Discussion of the hypothesis by, explaining 
opposing dips (W. M. Davis, '82a, p. 119).' 

Ruth mine, Pa. Detailed account of (d'Invilliers, 
'83, pp. 350-352). 
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Rutland, Conn. Description of trap dikes in 
primary rocks in (Percival, '42, pp. 419-
420). 

Sable river, P. E. I. Silicified wood at (Dawson 
and Harrington, '71, p. 16). · 

Saddle river, N. J. Dip in sandstone at (Cook, 
'82, p. 24). 

Safe Harbor, Pa. Dolerite near (Frazer, '80, pp. 
124-125). 

SAFFORD, JAMES M. and J. B. KILLEBREW. 
1887. 

The elementary geology of Tennessee, being 
also an introduction to geology in general. 
Designed for the schools of Tennessee. 

Nashville, [Tenn.], 12mo., pp. i-vi, 1-255. 
Contains a brief general acconnt of the 

character and distribution of the Jurassic 
and Triassic systems. 

St. Andrews, N. B. Age of rocks at (Bailey, '65, 
p. 5). 

St. Croix cove, N. S. Description of (Gesner, '36, 
pp. 190-191. Jackson and Alger, '33, pp. 
242-244), 

Minerals of (Gesner, '36, p. 190-191. Willi
mott, "84, p. 25L). 

St. George, N. B. Age of rocks at (Bailey, '65, 
p. 5). 

St. ltlary's, Pa. Boundary of Newark near (Fra
zer, '83, p. 234). 

Description of iron mine near (H. D. Rogers, 
'58, vol. 2, p. 708). 

Metamorphism, contact near (H. D. Rogers, 
'58, vol. 2, p. 708). 

Trap dike in iron mine near (H. D. Rogers, 
'58, vol. 2, p. 707). 

St. Mary's ba.y, N. S. Dip at (Alger, '27, p. 228). 
Excavation of (Russell, "78, p. 221). 
Exposure at (Alger, '27, p. 228). 
Rocks near (Gesner, '36, pp. 71-72, 74). 
Trap of (Jackson and Alger, '33, pp. 226-235). 

St. Peter's island, P. E. I. Fossil plants from 
(Bain and Dawson, '85, pp. 156-158). 

Rocks exposed near (Dawson and Harrington, 
'71, p. 15). 

Salmon river, N. S. Description of Newark 
rocks near (Ells, '85, p. 7E). 

Salisbury, N.C. Description of trap dikes near 
(Tuomey, '44, p. 12). 

Salisbury bay, N. B. Position of (Bailey, Mat. 
thews and Ells, '80, map No.1, N.E. ac
companying). 

Rocks of (Bailey, Matthews, and Ells, '80, p. 
21D). 

Salisbury cove, N. B. Age of rocks at (Bailey, 
'65, p. 13). 

Dip at (Dawson, '78, p. 109. Matthew, '65, 
p.124). 

Extent of Newark rocks at (Dawson, '78, p. 
109). 

Rocks of (Bailey, '72, pp. 217,218. Matthew, 
'65, p. 123). 

Salt. Efflorescence of, near Egypt, N. C. (Em· 
mons, '57, p. 96). 

Salt in the Deep river coal field, N. C. Mention 
of an efflorescence of (Jones, '62, p. 90). 

Bull. 85-20 

Salter's head, N. S. Rocks at tDawson, '52, p. 
399. Dawson, '78, p. 88). 

Sandstone at (Dawson, '47, p. 51). 

Saltersville, N.J. Building stone near, mention 
of (Cook, '81, p. 43). 

Sandstone quarries at (Cook, '79, p. 21). 
Saltonstall mountnin, Conn. Description of 

(Davis and Whittle, '89, pp. 110-111). 
Description of posterior ridges of (Davis and 

Whittle, '8&, pp. 113-114). 
Observations on the origin of (Davis and 

Whittle, '89, p. 117). 
Sandstone on (Davis and Whittle, '89, p. 103). 
Small map of north end of (Davis and Whittle, 

'89, pl. 2). 
Small map of posterior ridge of (Davis and 

Whittle, '89, pl. 3). 
Special account of (Davis and Whittle, '89, 

pp. 122-127). 
Saltonstall }lOnd, Conn. Chemical composition 

of trap rock from near (Hawes, '75). 
Overflow trap sheet near (W. M. Davis, '88, 

p. 464). 
Trap ridges near (Percival, '42, p. 323). 
Trap rocks near (J. D. Dana, '73, vol. 6, p. 

106). 
Saltonstall ridge, Conn. Trap of (E. S. Dana, '75). 
Salt springs in New Brunswick. Brief notice of 

(Gesner, '40, p. 43). 
Sampson's Jlill, Va. Isoh.ted coal basin near 

Heinrich, '78, p. 232). 
Samptown, N.J. Dip in shale near (Cook, '79, 

p. 30. Cook, '82, p. 25). 
Dip near (Cook, '68, p. 196). 

SANDERS, H. H. 1881. 
Geological map of Franklin county, Pennsyl

vania. 
.In second geological survey of Pennsylvania, 

vol. D 5; atlas. No text accompanying. 
Sanford, N.C. Analysis of decomposed trap from 

near. (See, Clarke, '87, p. 138). 
Hematite near (Willis, '86, p. 305). 
Iron ore near (Kerr, '75, p. 225). 

Sand llills, N.J. Trap exposed near (Cook and 
Smock, '78, p. 233). 

Unconformity of Newark and Potomac at 
(McGee, '88, p. 135). 

Sandstone. Albite and orthoclase in (J.D. Dana, 
'71b). 

Compiled account of (Cleaveland, '22, p. 759). 
Decomposition of, in buildings (Egleston, 

'86, pp. 676-680). 
Distribution of, along the Atlantic slope (H. 

D. Rogers, '58, vol. 2, pp. 759-765). 
Sandstone in Connecticut. Brief account of (G. 

P. Merrill, '89, pp. 446-448, pl. 9). 
Containing trap (Hovey, '89, p. 375). 
Description of (Percival, '42, pp. 434-436). 
Elevation of, in two ranges (Percival, '42, pp. 

431-433). 
Formed from the debris of primary rocks 

(Percival, '42, p. 428). 
Microscopical characters of (G. P. Merrill, 

'84, p. 26, pl. 13. G. P. Merrill, '89, p. 
304-, pl. 2). 

Microscopimtl examination of (Haw\ls, '78). 
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San!lstou{' in the Connecticut valley. Account of 
(E. llitchcoc.k, '35, pp. 211-251). 

Mode of elevation of (E. Hitchcock, 41, p. 
712). 

Mode of formation of (E. Hitchcock, '35, pp. 
221-222). 

Theoretical conditions concerning (E. Hitch
cock, '35, pp. 243-251). 

Sandstone inlUaryland. Brief account of (Tyson, 
'60, appendix pp. 5-6). 

Illustration of (Shaler, '84, pl. 45). 
Sandstone in 1\lassaclmsetts. Brief account of 

(G. P. Merrill, '89, p. 450). 
Catalogue of specimens collected in (E. Hitch

cock, '41, pp. 804-806). 
Description of (E. Hitchcock, '41, pp. 442-443). 
Detailed account of (E. Hitchcock, '35, pp. 

215-216). 
General character of (E. Hitchcock, '35, p. 20). 
List of specimens of (E. Hitchcock, '35, pp. 

655-657). 
Specific gravity of (Walling, '78, pp. 191-192). 
Suitable for grindstone (E. Hitchcock, '41, 

pp. 213-214). 
Varieties of (E. Hitchcock, '55, p. 226). 

Sandstone in New Jersey. (Cook, '68, pp. 504-512). 
Analyses of (Cook, '68, pp. 509, 515-516. Dar

ton, '83. Schweitzer, '70. Schweitzer, 
'71. Wurtz, '71. Wurtll, '72). 

Beneath Palisades (Cook, '81, p. 43. Cook, 
'82, p. 45. Newberry, '70). 

Boundaries of (H. D. Rogers, '40, pp. 117-118). 
Brief account of (Nason, '89, pp. 16-17). 
Brief general description of (Cozzens, '43, pp. 

42-47). 
Characters of (Nason, '89, p. 21). 
Description of (Cook, '82, pp. 20-21. H. D. 

Rogers, '36, pp. 150-159. Russell, '80. 
ll. D. Rogers, '40, pp. 117-135). 

Dip of (Cook, 79, pp. 29-30). 
General account of (H. D. Rogers, '40, pp.114-

117). 
Lithological description of (Cook, '68, p. 206). 
Local details of (Cook, '08, pp. 208-209). 
Origin of (Cook, '89, pp. 12-13). 
Quarries of (Cook, '81, pp. 42-60. G. P. Mer

rill, '89, p. 453). 
Silica in (Cook, '82, p. 21). 
Use of (Shaler, '84, pp. 141-144). 

Sandstone in New York. (Mather, '43, p. 287). 
Analysis of (Schweitzer, '71). 
Brief account of, in Rockland county (Mather, 

'39, p. 123). 
Mode of formation of, discussed (Mather, '43, 

pp. 289-293). 
Qnarries of (Mather, '39, pp. 125-126). 

Sandstone in North Carolimt. (Emmons, '52, pp. 
122, 135-136, 155-156. Emmons, '56, pp. 
229, 266-267. Kerr, '75, p. 304. McGehee, 
'83, p. 82. Olmstead, '24, pp. 13-15. Olm
stead, '27. ·wilkes, '58, pp. 7-8). 

Sandstone in Pennsylvani;t. Brief account of 
(Frazer, '80, pp. 2-4. d'Invilliers, '83, p. 
199). 

Description of (H. D. Rogers, '58, vol. 2, pp. 
072- 679). 

Quarric~ of (G. P. Merrill, '89, pp. 459-460). 

Sandstone in Virginia. Description of (lleinrich, 
'78, pp. 240-242. W. B. Rogers, '36, p. 56). 

Origin of the red color of (Russell, '89, pp. 44-
55). 

Rapid accumulation of (.J. Hall, '55-'5!!, p. 79). 
Relations of, to associated trap rocks (W. M. 

Davis, '83). 
Use of, by engineers (Mahan, '71, pp. 4-5). 

S;tndy cove, N. S. Descrip-tion of (Dawson, ''18. 
p. 96. Gesner, '36, pp. 176- 184. Jackson 
and Alger, '33, pp. 226-229). 

Minerals of (Gesner, '36, pp. 177-184). 
Sandy ford bridge, Va. Boundaries of theN ewark 

near (W. B. Rogers, '39, p. 76). 
Sandy Hill, Pa. Boundary of the Newark near 

(C. E. Hall, '81, p. 72-73). 
Sandy hook, N.J. Section from, to near New

burg, N.Y. (Akerly, '20). 
Sandy Run, Pa. Boundary of Newark area near 

(C. E. Hall, '81, p. 20). 
Savage's quarry, near Trenton, N. J. Fossil 

crustaceans found in (Nason, '89, pp. 2!!, 
30). 

SMvmillhollow, Conn. Reference to a locality 
for fossil fish (.J. H. Redfield, '36). 

Sawatown, Va. Boundary of the Newark ncar 
(W. B. Rogers, '39, p. 75). 

Schaeffer, (-). Analy~is of coal by (Kerr, '75, 
pp. 203-294). 

SCHIMPER, W. PH. 1874. 
Traite de Paleontologic vegetale [etc.]. 
Paris, vol. 1, 1869, pp. i-iv, 1-738, vol. 2, 1870-

1872, pp. 1-968, vol. 3, 1874, pp. i-iv, 1- 896 
and a folio atlas of 110 plates, 1874. 

Contains descriptions of a few fossilJllants 
from the Richmond coal field, Va., vol. 
1, pp. 276,010. 

SCHIMPER, W. P. Cited on the ago of the New
ark syetem (Stur, '88, pp. 205-206). 

Schliden's miU, N.J. Trap boundary at (Cook, 
'68, p. 189). 

Schoeneck, Pa. Dip of sandstone at (Frazer, '80, 
p. 43). 

Scltomp's miD, N.J. Dip near (Cook, '68, p.1!l8). 
Sclmyler's basin, N. J. Sandstone quarry at 

(Cook. '79, p. 22). 
Schuyler copper mine, N. J. Absence of silver 

in (Darton, '85). 
Description of (Cook, '68, p. 676. H. D. Rog

ers, '36, pp. 167-168. H. D. Rogers, '40, 
p. 160. l~ussell, '80, pp. 33-34, 35). 

Schuylkill, Pa. Newark rocks of (Frazer, '83, pp. 
221-225). 

SCHWEITZER, P. 1870. 
Analy8is of Newark sandstone. 
In New York Lye. Nat. Hist., Proc., vol. 1, 

1870-'71, p.136). 
Presents an analysis of sandstones from the 

quarries at Newark, N . .J. 
S~HWEITZER, P. 1871. 

Notes on the felsites of the Palisade range. 
New York Lye. Nat. Hist., Proc., vol. ]., 

1870-'71, pp. 244-252. 
Published also in Am. Chern., vol. 2, pp. 23-25. 
Gives analysis of five samples of sandstones 

and shales from the Newark system in 
New .Jersey. 
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SCHWEITZER, [P.]. Cited as to the composition 
of trap rocks (W. M. Davis, '83, p. 284). 

Cited on analyses of sandstone from New J er
sey (Darton, '83. G. P. Merrill, '84, p. 26. 
Wurtz, '71). 

Cited on character of the trap of Bergen hill, 
N.J. (Newberry, '83). 

Scotch Plains, N. J. Boundary of First moun
tain trap near (Cook, '68, pp. 180, 181, 182). 

Columnar trap at (Cook, '68, p. 203). 
Description of t.rap rock near (H. D. "Rogers, 

'40, p. 146). 
·Dip of strata near (H. D. Rogers, '4.0, pp. 129, 

134). 
Gap in First mount-ain near (Cook, '82, p. 50). 
Shale and limestone exposed near (H. D. Rog

ers, '40, p.134). 
Thickness of Watchung trap sheet at (Dar

ton, '90, p. 22). 
"Toadstone," or amygdaloicl trap near (H. D. 

Rogers, '40, p. 144). 
SCOTT, F. T., a1ul SONS. Discovery of fossils 

in quarry of (\Van~er, '89, p. 21). 
Scotts bay, N. S. Minerals of (Willimott, '84, p. 

27L). 
Scott's coal mine, Va. .Analysis of coal from 

Clifford, '87, p. 10. Macfarlane, '77, p. 
515. Williams, '83, p. 82). 

Scottsville, Va. Brief account of sandstone near 
(W. B. Rogers, '36, pJl. 81-82). 

Scrabbletown, N. J. Boundary of trap near 
(Cook, '68, p. 193). 

Dip in shale near (Cook, '82, p. 29). 
SCUD.DEU, S. H. 1867. 

(Remarks on an insect larva, llformolucoides 
a1·ticutatus, from tl1e Newark rocks of 
Massachusetts.] 

In Boston Soc. Nat. Hist., Proc., vol. 11, 1866-
1868, p. 140. 

States that the fossil mentionc(l is probably 
the larvre of Coleoptera. 

SCUDDER, SAlliUEL H. 1868. 
The fossil insects of North .America. 
In Geol. Mag., vol. 5, pp. 172-177, 216- 222. 
Contains a detailed description of fossil insect 

larvre, Mormolucoides a1'ticulatus, from 
the Connecticut valley. 

SCUDDER, SAMUEL HUBBARD. 1886. 
Systematic review of our present knowledge 

of fossil insects, including Myriapods 
and .Arachnids. 

In.U. S. Geol. Surv., Bull. No. 31, pp. 1-128. 
Mentions the occurrence of Monnolucoides 

a1'ticulatus in the sandstone of the Con
necticut valley, p. 56. 

SCUDDER, SAMUEL H. 1884. 
The oldest known insect larva, Mo1'm.olu

coides articulatus, from the Connecticut 
river rocks. 

In Boston Soc. Nat. Hist., Mem., vol. 3, 1886, 
pp. 431--438, pl. 45. 

Republishe(l in The Fossil Insects oLNorth 
.America. New York, 1890. 4to·,~ol. 1, 
pp. 323-336, pl. 19. 

Presents a detailed description of the larva 
referred to, based on the study of a large 
number of individuals. 

Sea cow head, P. E. I. Rocks exposed at (Daw
son and Harrington, '71, p. 16). 

Sebring's mills, N.J. Boundary of First moun
tain trap near (Cook, '68, p. 181). 

Dip ncar (Cook, '68, p. 196). 
Secaucus, N. J. Dip in sanustone at (Cook, '82, 

p. 24). 
Second mountain, N. J. Description of (Cook, 

'68, pp. 17!J- 180, 182-185. Cook, '82, pp. 
52-54. H. D. Rogers, '40, p. 147). 

Dips in the associated sandstone (Walling, '78, 
p. 196). 

Diverse dips near (Nason, '89, p. 18). 
On the overflow origin of (W. M. Davis, '82). 
Probable faults near (Nason, '89, p. 26). 
See also Watchung mountains. 

Secoll(l Newark mountain, N. J. Brief descrip
tion of (Russell, '78, pp. 241-242). 

Second Watchung mountnin, N. J. Detailed de
scription of (Darton, '90, pp. 19-32). 

Lower contacts of trap sheet of (Darton, '90, 
pp. 31-32). 

SELWYN, ALFRED R. C., and G. M. DAW· 
SON. 1884. 

Descriptive sketch of the physical geograpl1y 
and geology of the Dominion of Canada. 

Montreal. Pp. 55, accompanied by a geologi
cal map of the Dominion of Canada, 1842-
1882, in two sheets, scale 45 miles to 1 
inch. 

The extent of both the sedimentary and vol
canic rocks of theN ewark system inN ova 
Scotia are shown. Prince Edwards island 
is colored as Carboniferous. 

Seminary ridge, Pa. Trap rocks ncar. (See Fra
zer, '82, p. 143). 

Seneca, llld. Brief account of rocks near (Duca
• tel, '37, pp. 20, 24). 

Seneca creek, Md. S:mdstone quarries at (Shaler, 
'84, p. 178, pl. 45. 

Seneca quarries, ltltl. Brief account of (Tyson, 
'60, appendix, p. 5). 

Sergeantsville, N.J. Arenaceous strata near (H. 
D. Rogers, '40, p. 123). 

Description of sandstone outcrops near (H. 
D. Rogers, '36, p. 153). 

Section of faulted beds near (Cook, '8!J, p. 14). 
Seuell's qunrry, N.C. Unconformity of the New

ark and Taconic near (Emmons, '56, p. 
242). 

SEYlliOUR, E. 1868. 
List of minerals in Now Jersey. 
In Geology of New Jersey, by George H. 

Cook, 1868. Appendix D, pp. 743-750. 
Contains a list of minerals found in New 

Jersey, including many from the Newark. 
Shabakunk creek, N. J. Boundary of Newark 

along (Cook, '68, p. 176). 

Shady side, N. J. Exposure of shale near (Na
son, '89, p. 17). 

Faults in trap ridge near (Nason, '89, p. 26). 
Fossil Estherias and fish scales foun(l near 

(Nason, '89, p. 30). 
Fossil fishes found near (Nason, '89, p. 29). 

Shaefferstown, Pn. BoundaryoftbeNewarknear 
(H. D. Rogers, '58, vol. 2, p. 668). 
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Shale. In Connecticut, bituminous, with the coal 
seams (Percival, '42, pp. 228, 442). 

Detailed description of (Percival, '42, pp. 
441-446). 

In Massachueetts, brief account of (E. Hitch
cock, '35, pp. 216-218). 

Description of (E. Hitchcock, '41, p. 443). 
In New Jersey (and sandstones), alternation 

of (Cook, '82, p. 33). 
Analysis of (Cook, '68, pp. 384-385. Darton, 

'83a. Schweitzer, '71). 
Brief account of (Nason, '89, pp. 16-17, 21). 
Colors of (Cook, '82, p. 20). 
Description of (Cook,-'82, pp.18, 19-20). 
Description of, in Hudson county (Russell, 

'80). 
Detailed description of (H. D. Rogers, '36, 

pp.150-159). 
Details of (Cook, '68, pp. 212-214). 
Dip of (Cook, '79; pp. 29-30). 
General account of (H. D. Rogers, '40, PP· 

114-117. Russell, '78, pp. 223-231). 
Indurated near trap (Cook, '83, pp. 23-24). 
Lithological description of (Cook, '68, pp. 

206-207). 
In New York, in Rockland county (Mather, 

'43, p. 288). 
InN orth Carolina, in Dan river coal field (Em· 

mons, '52, pp. 156-158). 
Deep river coal field (Emmons, '52, pp. 123, 

126-127. ·wilkes, '58, pp. 8-9). 
In Pennsylvania, detailed description of (H. 

D. Rogers, '58, vol. 2, pp. 672-679). 
In Virginia (and slates), detailed description 

of (Heinrich, '78, pp. 242-243). 
Origin of the red color of (Russell, '89, pp. 

44-55). 
SHALER, N. S. 1871. 

On the causes which have led to the production 
of cape Hatteras. 

In Boston Soc. Nat. Hist., Proc., vol. 14, pp. 
110-121. 

Refers to the ·structure and age of the Rich
mond coal field, pp.ll4-115, 117. Structure 
of the Connecticut valley area, p. 118. 

SHALER, N. S. 1875. 
Notes on the investigations of the Kentucky 

geological survey during the years 1873, 
1874, and 1875. 

In Kentucky geological survey, Reports of 
Progress, 2d ser., vol. 3, 4to, pp.l29-282. 

Contains brief references to the structural 
features associated with the Newark sys
tem in Virginia and the Connecticut val
ley, p. 220. 

SHALER, N. S. 188-l. 
Description of quarries and quarry regions. 
In report on the building stones of the United 

States and statistics of the quarry indus
try for 1880, in Tenth Census of the United 
States, vol, 10, part 2, pp. 107-229, pls. 
27-58. 

Describes the Newark sandstone quarries of 
Connecticut, pp.126-127; New Jersey, pp. 
141-144; Pennsylvania, pp.156-157; Mary
land, p. 178; Virginia, p. 179; and North 

SHALER, N. S.-Continued. 
Carolina, pp. 181-182; the trap rock quar
ries of Connecticut, p. 177; New Jersey, 
pp. 145-146, and Virginia, p. 179; and the 
Triassic limestone quarries of Pennsyl
vania, p. 156, and Maryland, p.177. 

SHALER, N. S. 1881i. 
A first book in geology. 
Boston, 12mo, pp. i-xvii, 1-255. 
Contains a brief account of the life of the J u

rassic and Triassic periods, pp. 217-224). 
SHALER. N. S. 1885a. 

[Administrative report of Atlantic coast divi· 
sion of the U.S. Geological Survey.] 

In U.S. Geol. Surv., Sixth Ann. Rep. of the, 
pp.18-22. 

States that the Tertiary strata of Martha's 
Vineyard are in part composed of Newark 
debris, p. 21. 

SHALER, NATHANIEL SOUTHGATE, and WIL· 
LIAM MORRIS D.! VIS. 1881. 

Illustrations of the earth's surface. Glaciers . 
Boston. Folio, pp·. i-vi, 1-198, pls.l-25. 

Suggests that theN ewark conglomerate of the 
Connecticut valley may be of glacial origin, 
pp. 91}....96. Section showing ancient peri
ods of glaciation, p.102. 

Sharp island. Mention of (Marsters, '90\. 
Shell, fossil. From Mount Tom, Mass. (E. Hitch· 

cock, '58, pp. 6-7, pl. 5). 
From near Mount Tom, Mass., description of 

(E. Hitchcock, jr., '56). 
From Richmond coal field (Lyell, '47, pp. 274-

275). 
From Sunderland, Mass. (E. Hitchcock, '23, 

vol. 6, p. 79). 
SHELLEY, J. Y. Discovery of fossil saurian 

bones in Upper Milford, Lehigh county 
Pa., by (Lea, '53, pp.l88, 195). ' 

Shelley's coal mine, Va. Notes on (Taylor, '35, 
p.284). 

Shelley's ore bank, Pa. Report on (Frazer, '77, 
p. 222). 

Shirley, (-). Cited on thickness of coal seams 
at Evans, N. C. (Chance, '85, p. 44). 

SHEPARD, C. U. 1832. 
Datholite and iolite in Connecticut. 
In Am. Jour. Sci., vol. 22, pp. 389-391. 
Describes the occurrence of datholite, etc., in 

trap at Middlefield and Haddam, Conn., 
and compares these localities with similar 
localities in New Jersey. 

SHEPARD, CHARLES UPHAM. 1837. 
Report on the geological survey of Connecti

cut. 
New Haven, Pp.l-188. 
Abstract in Am. Jour. Sci., 1st ser., vol. 33, 

pp. 151-175. 
Devoted mainly to mineralogy, but contains a 

brief discussion in reference to the proba
bility of finding coal in Connecticut, pp. 61-
62; also a brief description of the building 
stones of theN ewark area, including trap 
rocks, pp. 98-100. List of Newark speci
mens collectecl to illustrate the geology 
and mineralogy of the state, pp. 161}....169. 
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SHEPARD, CHARLES UPHAM. 1867. 
On the supposed tadpole nests or imprints 

made by the Batrachoides nidificans 
(Hitchcock), in the red shale of the New 
Red sandstone of South Hadley, Mass. 

In .Am . .Tour. Sci., 2d ser., vol. 43, pp. 99-104. 
Discusses the origin of the markings re

ferred to. 
Shoo lie, ~. S. Relation of trap, conglomerate, 

and sandstone at (Gesner, '43). · 
Shooter's island, N. Y. Exposures of Newark 

sandstone and shale on (Britton, '81, p. 
168). 

Short Hills, N. J. Record of well bored in (Na
son, '89b). 

Short mountain, Conn. Description of (Percival, 
'42, p. 375). 

Detailed study of the geological structure 
near (W. M. Davis, '89). 

Sketch map of (W. M. Davis, '89, pl. 5). 
SHRUMP, F. W. Stone quarry of, near Verona, 

N.J. (Cook, '81, p. 52). 
Shuttle meadow, Conn. Detailed study of cross

section at (W. ¥.Davis, '89, pp. 64-69). 
Shuttle meadow mountain, Conn. .Anterior trap 

ridge of (Davis and Whittle, '89, p.109). 
Shuttle meadow reservoir, Conn. Sketch map of 

(W. M. Davis, '89, pl. 2). 
View of fault gap near (W. M. Davis, '89, pl. 2). 

Siccomac, N. J. Boundary of First mountain trap 
near (Cook, '68, p. 180). 

Watchung mountain, end at (Cook, '82, p. 49). 
Siddonstown, Pa. Trap clike near (H . . D. Rogers, 

'58, vol. 2, p. 689). 
Sidney church, N.J. Conglomerate at (Cook, '82, 

p. 41). 
Deformed strata at (Cook, '83, p. 25). 
Dip in conglomerate and shale near (Cook, '82, 

p. 28). • 
Faults and folds near (Cook, '79, p. 33). 
Faults uear.(Cook, '82, p-. 16). 
Folds near (Cook, '82, p. 17). 
Limestone at (Cook, '82, pp. 22, 42). 

Sidney mills, N.J. Dip in shale near (Cook, '82, 
p. 28). 

Sillery, J. Stone quarry of, near Prallsville, N. 
J. (Cook, '81, p. 59). 

SILLIMAN, BENJAMIN. 1810. 
Sketch of the mineralogy of the town of New 

Haven [etc.]. 
In Connecticut .Acad. Arts and Sci., Mem., 

vol. 1, pp. 83-96. 
Contains a general account of the trap expo

sures near New Haven, Conn. 
SILLIMAN, BENJAMIN. 1814. 

Mineralogical and geological observations on 
New Haven and its vicinity. 

In Am. Min . .Tour., vol. 1, pp. 139-149). 
.Abstract in Jour. de phys., de cbim. [etc.] 

Par J. C.IDelametherie, Paris, Tome 75, 
1812, pp. 75-79. 

Notice in .Am. ,Jour. Sci., vol. 1, 1818, pp. 55-
56, and in Elementary treatise on Miner
alogy and Geology by Parker Cleaveland, 
1822, p. 555. 

Describes the geology about New Haven, 

SILLIMAN, BENJAMIN-Continued. 
Conn., especially of east and west rocks. 
Records the .finding of a large mass of 
native copper on the Hamden hills, Conn. 

[SILLIMAN, BENJAMIN.] 1818. 
Native copper tfound near Wallingford, 

Conn.]. 
In .Am. Jour. Sci., vol. 1, pp. 55-56. 
Describes the .finding of a mass of native cop· 

per. 
[SILLIMAN, BENJAMIN.] 1818a. 

New localities of agate, chalcedony, chaba
zite, stilbite, analcite, titanium, prehuite, 
etc. 

In Am. Jour. Sci., vol. 1, pp. 134-135. 
Describes the occurrence of minerals at Deer· 

.field, Mass., and at East Haven and 
Woodbury, Conn. 

SILLIMAN, BENJAMIN. 1820. 
[Note on the discovery of fossil bones in sand

stone at East Windsor, Couu.1 
In .Am. Jour. Sci., vol. 2, p. 147. 
Gives a brief account of the Newark (called 

Old Red sandstone) of the Connecticut 
valley; and remarks on the nature ot 
the animal to which the bones referred to 
belonged. 

[SILLIMAN, BENJAMIN.] 1820a. 
Sketch of a tour in the counties of New 

Haven and Litchfield, in Connecticut, 
with notices of the geology, mineralogy 
and scenery, etc. 

In .Am. Jour. Sci., vor. 2, pp. 201-235. 
Describes West rock, Connecticut, pp. 202-203, 

and also the character of the small Newark 
basin in Woodbury and Southbury, 
Conn., pp. 231-233. 

[SILLIMAN, BENJAMIN.] 1821. 
[Remarks on letters from .Alexander Brougui

art in reference to fossil .fishes and native 
copper from near Middletown, Conn.] 

In .Am. Jour. Sci., vol. 3, pp. 221-222. 
Refers to the .finding of fossil .fishes, and to 

the working of copper ore. 
[SILLIMAN, BENJAMIN.] 1821a. 

[Note on the .finding of fossil fish at Sunder
laud, Mass.] 

In Am. Jour. Sci., vol. 3, pp. 365-366. 
States that a large number of fossil .fish were 

obtained by Edward Hitchcock, at Sun
derland, Mass. 

SILLil'IUN, B. 1824. 
Remarks made on a short tour between Hart

ford and Quebec in the autumn of1819. 
New Haven, 2d ed., 12mo., pp. 1--443, and 9 

plates. 
First edition, New Haven, 1820, 12mo., pp. 1-

407, and 9 plates. 
Contains a general account of the scenery and 

geology of the Connecticut valley. 
SIJ,LIMAN, BENJAMIN. 1827. 

[Note on the presence of bituminous coal in 
the Connecticut valley.] 

In Am. Jour. Sci., vol. 12, p. 76). 
States that coal has been found at several 

places in the Connecticut valley. 
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[SULIMAN, BENJAMIN.] 1830. 
Igneous origin of some trap rocks. 
In Am. Jour. Sci., vol. 17, pp. 119-132, and 

plate. 
Describes the contact of trap with sandstone 

beneath, at Rocky llill ncar Hartford, 
Conn. The effect of the heat of the traJ) 
on the sandstone is discussed, pp. 122-131, 
and plate. 

[SILLIMAN, BENJAMIN.] 1837. 
Bird tracks at Middletown, Conn., in the New 

Red sandstone. 
In Am. Jour. Sci., vol. 31, p. 165. 
Brief abstract from a letter stating that foot

prints as well as bones and fossil plants 
have been found at tbe place named. 

[SII,UMAN, BENJAMIN.] 1839. 
Fossil fishes in the sandstone of New Jersey. 
In Am. Jour. Sci., vol. 35, p. 192. 
N oticc of the finding of fossil fishes in Morris 

county, N.J. 
Further information regarding these fossils 

is given by "R." in Am. Jour. Sci., vol. 
36, Pl)· 186-187. 

[SILLIMAN, BENJAMIN.] 1842. 
[Note on the Richmond coal field, Va.) 
In Am. Jour. Sci., vol. 43, p. 14. 
A brief reference COllCorning specimens re

ccivccl from the Miulothian conl mine, 
Virginia, value of tho coal of that :field, 
etc. 

[SIJ,Lil!UN, B.] • 1843. 
Ornithichnites of the Connecticut river sancl

stone and the Dinornis of New Zealand. 
In Am. Jour. Sci., vol. 45, pp. 177-188. 
Publishes letters from J. Deane, G. A. Man

tell, and R. Owen relative to the fossil 
footprints of the Connecticut valley. 

SILLIMAN, BENJAMIN. 1844. 
Dr. Percival, the original observer of the cres

cent-formed dikes of trap in the New Red 
sandstone of Connecticut. 

In Am. Jour. Sci., vol. 46, pp. 205-206. 
Relates to an omission to give credit to Perci

val in a report of a meeting of the Asso
ciation of American Geologists and Nat
uralists, published in the Am. Jour. Sci., 
vol. 45, p. 334. 

SULIMAN, B. Cited on certain polygonal de
pressions in sandstone from Connecticut 
valley (E. Hitchcock, '56, p. 111). 

Cited on curved form of certain trap ridges 
(W. M. Davis, '83, p. 307). 

Cited on fossil fish from Connecticut (J. H. 
Red:field, '36). 

Cited on fossil footprintsi(Deane, '45, p. 159). 
Cited on metamorphism contact at Rocky hill, 

Mass. (E. Hitchcock, '35, pp. 422--423). 
Cited on native copper in the Connecticut 

valley (Hoffmann, '22). 
Cited on origin of the sandstones of ti1e Con

necticut valley (E. llitchcock, '35, p. 241). 
Cited on relation of trap and sandstone in 

Connecticut (W. M. Davis, '83, pp. 285-
2R6). 

Cited on trap rocks near Hartford, Conn. 
navis and Whittle, '89, p. 121). 

SILLIMAN, B., B. SILLIMAN, jr., and JAJIES D. 
DANA. 184:7. 

[Note on phalangeal impressions in fossil 
footprints.] 

In Am. Jour. Sci., 2d ser., vol. 3, p. 276. 
Calls attention to a statement by L. Agassiz 

in reference to the number of phalanges 
in the toes of birds, and cites similar 
observations by E. Hitchcock and J. 
Deane. 

[SILLIMAN, B., and J.D. DANA.] 1847. 
[Note on] ornithichnites. 
In Am. Jour. Scf., 2d ser., vol. 3, p. 276. 
Notes the observations of Hitchcock, Agassiz, 

and Deane on the number of joints in the 
toes of fossil footprints from ti1e Connecti
cut valley. The names of certain fossil 
footprints found at Turners Falls, Mass., 
by James Deane, and described in tbe .Am. 
Jour. Sci., 2d ser., vol. 3, pp. 74-79, are 
supplied by Hitchcock. 

SILLIMAN [BENJAMIN], and [DOUGLASS] 
HOUGHTON. 18U. 

On the connection of the metallic copper with 
the trap of Connecticut and Michigan. 

In Am. Jour. Sci., vol. 47, p.132. 
A brief discussion of the origin of native 

copper, frequently associated with trap. 
SILLHIAN, B., :t11d 0. P. HUBBARD. 1842. 

Chemical examination of bituminous coal from 
the pits of the Midlothian coal-mini~ 
company, south side of James river, 14 
miles from Richmond, Va., Chesterfield 
county. 

In Am. Jour. Sci., vol. 42, pp. 369-374. 
Gives in detail ti1e result of an examination 

of a large sample of coal from the locality 
named. 

SILLIMAN and HUBBARD. Analysis of coal 
from the Richmond coal field, Va. (Clif
ford, '87, p. 10). 

SILLIMAN [B.],.Jr. 1841. 
[Remark on rhombic structure in the sand

stone of the Connecticut valley.] 
In Am. Jour. Sci., vol. 41, p. 173, also in Am. 

Assoc. Geol. and Nat., Proc., 1840-1842, p. 
26. 

Brief abstract of remark on a paper by Prof. 
Mather, concerning joints in rock. 

SILLIMAN, BENJAMIN, Jr. 1842. 
[On the cause of the prevailing dip of the New 

Red sandstone of the Connecticut valley.] 
In Am. Jour. Sci., vol. 43, p. 171; also in Am 

Assoc. Geol. and Nat., 1840-1842, p. 64. 
Refers the pr~vailing dip of the sandstone of 

the Connecticut valley to upheaval, con
nected with outbursts of trap. Brief ab
stract of remarks on a paper by Edward 
Hitchcock. 

SILLIMAN, BENJAMIN, Jr. 1842a. 
[Trap eruption causing upheaval of adjacent 

strata.] 
In Am. Assoc. Geol. and Nat., Proc., 1840-

1842, p. 64. 
A brief remark in which the inclination of 

the saJldstones of the Connecticut valley 
is referred to the eruption of trap. 
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SILLIMAN, BENJUIIN, Jr. 1844. 
Report on the intrusive trap of the New Red 

sandstone of Connecticut. 
In Am. Jour. Sci., vol. 47, pp. 107-108. 
Abstract in N eues J ahrbuch, 18M', pp. 728-729. 
An abstract of a report to the Association of 

American Geologists and Naturalists, con
cerning, 1st, the dip of the Connecticut 
valley sandstone; 2d, the manner in which 
the trap rocks were intruded, and 3d, the 
erosion of the formation. The age of the 
strata is stated to be the ''period of the 
New Red sandstone." 

SILLIMAN, B., Jr. 184'i. 
On fossil trees found at Bristol, Conn., in the 

New Red sandstone. 
In Am. Jour. Sci., 2d ser., vol. 4. pp. 116-118. 
Describes the finding of the trunk mentioned. 

SILLIMAN, B., Jr. 1847a. 
[Note on phalangeal impressions in fossil foot

prints.] 
See Silliman, Silliman, jr., and Dana, 1847. 

SILLIMAN, B. , Jr. , and J . D. WHITNEY. 1855. 
Notice of the geological position and character 

of the copper mine at Bristol, Conn. 
In Am. Jour. Sci., 2d ser., vol. 20, pp. 361-368. 
Devoted principally to the economic impor

tance of the mine, but describes also its 
geological position, section of the ore 
body, etc. 

Silver, native, at tl10 Bridgewater copper mine, 
N.J. (Darto11 , '85). 

Silver Hill, N.J . Description of (Cook, '68,p.l94. 
Cook, '82, p. 05). 

Dip in shale near (Cook, '82, p. 29). 
Sim flbury COJ>per mine, lllass. Brief account of 

(E. Hitchcock, '35, pp. 71, 229). 
Shttsbury, Uoun. Building stones in (l'erch·al, 

'42, p. 439). 
Description of sandstone ridge near (Percival, 

'42, 1). 440). 
Sindle's Jnill, N.J. Basaltic columns near (Cook, 

'68, p. 203). 
Skillman station, N. J . Dip in shale at (Cook, 

'82, p. 25). 
Slate, bituminous, in North Carolina (Emmons, 

'56, p. 268). 
Black, in Dan riYer coalfield, N. C. (MeLena

han, '52, p. 171). 
With coal, near Leaksvilln, Va. (W. B. Rogers, 

'39, p. 78). 
Slate Ridge, Pa. Description of trap dike near 

(Frazer, '80, p. 31). · 
Slickensides, at North Belleville, N.J. (Cook, '82, 

p. 16). 
SMITH, ALFUED. 1832. 

On the water courses, and the alluvial and 
rock formations of the Connecticut river 
valley. 

In Am. Jour. Sci., vol. 22, pp. 205-231, and 
map op. p . 205. 

Gives the extent and boundaries of the New
ark rocks of the Connecticut valley, with 
a <lescription of principal trap ridges. 
Refers briefly to the fossils that have 
been collecte<l, and presents theoretical 

SliiiTH, AJ,FRED-Continnecl. 
discussions as to the mode of formation of 
the sedimentary beds and the origin of the 
trap. 

SliiiTH, A. Cited on the character of the rocks 
at Enfield Falls, Conn. (E. Hitchcock, 
'41, p. 447). 

SliiiTH, EUGENE A. 1878. 
Outline of the geology of Alabama. 
In handbook of Alabama [etc.], by Saffold 

Berney, pp. 129- 196. 
Refers to igneous rocks which are considered 

as belonging to tbe .Newark system of 
dikes, pp. 139, 142. 

SlliiTH, EUGENE A. 1~83. 

Geological survey of Alabama. Report for 
the years 1881 ani!. 1882. 

Montgomery, Ala. Pp. i-xvi, 1-615, and 8 
maps. 

States that stratified rocks of the Newark 
system are not known h1 Alabama, but 
that the trap dikes of the metamorphic 
region are usually referred to that period, 
p. 556. 

SliiiTH, NATHAN. 1820. 
]'ossil hones found in Red sandstone. 
In Am. Jour. Sci., vol. 2, pp. 146-147. 
Records the :finding of fossil bones at East 

Windsor, Conn. 

SliiiTH, 0. R. Cited. on depth of artesian well at 
Durham, N. C. (Venable, '87). 

SlliiTH, THOliUS P. 1799. 
Account of crystallized basalts found in 

Pennsylvania. 
In Am. Philo. Soc., Trans., vol. 4, 1804, pp. 

445-446. 
A brief account of having seen basalt (trap) 

near Elizabethtown and Campuellstown, 
Pa. 

SliiiTH, T. P . Cited on the presence of Jura· 
Trias in America (Lea, '53, p. 189). 

SliiiTH, W. Discovery of saurian bones by, at 
Springfield, Mass. (E. Hitchcock, '58, p. 
186). 

Smith h·ou mine, N. C. Brief account of, with 
sketch (Willis, '86, p. 305). 

Smith's Ferry, lllass. Brief account of a visit to 
(Lyell, '45, vol. 1, p. 252). 

Dip of rocks at (Lyell, '42). 
Fossil footprints at (E. Hitchcock, '58, pp. 50 

et seq.). 
Relation of conglomerate, trap, and sandstone 

at (Lyell, '42, 1). 794). 
Section of rocks at (Lyell, '42). 

Smith's hill, N. J. Described briefly as a trap 
outcrop (H. D. Rogers, '36, p. 159). 

Description of trap and sandstone near (H. D. 
Rogers, '36, p. 156). 

Detailed description of (H. D. Rogers, '40, p. 
151). 

Quarries of trap rock at, mention of (G. P . 
Merrill, '89, p. 436. Cook, '79, p. 26. Cook, 
'81, p. 62). 

SmitJtVille, N. J. Description of sandstone out
crops near (H. D. Rogers, '36, p. 153). 
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SMOCK, JOHN C. 1878. 
Geological slirvey of New Jersey. Report on 

the clay deposits of Woodbridge, South 
Amboy, and other places in New Jersey. 

See Cook, G. H., and J. C. Smock, 1878. 
SMOCK, JOHN C. 1S90. 

Building stones in New York. 
New York State Museum Bull., vol. 2, No.10, 

pp. 193-396, and map. 
Describes the building stones of the Newark 

system in New York, pp. 225-226, and the 
use of building stone from other areas of 
the same system in New York city, pp. 
294-304. 

SltiOCK, J. C. Cited on sandstone at Princeton, 
N.J. (Shaler, '84, p. 144). 

Smyser's mine, Pa. Report on (Frazer, '77, pp. 
217-218). 

Snake ]till, N.J. Described briefly as a trap out
crop (H. D. Rogers, '36, p.159). 

Description of (Cook, '68, pp. 178-1'Z9. Cook, 
'82, pp. 47-48. Russell, '80, pp. 34, 36). 

Detailed description of trap at (Darton, '90, 
pp. 55-56). 

Dip in sandstone at (Cook, '79, })- 30. Oook, 
'82, p. 24. Russell, '80, p. 34). 

Location of (Nason, '89, p. 37). 
Origin of (Darton, '89, p. 138). 
Sandstone quarries at (Cook, '79, p. 22). 
Trap rock quarries at (Cook, '79. p. 25. Cook, 

'81, p~ 62). 
Mention of (G. P. Merrill, '89, p. 436). 

Sneden's landing, N. Y. Character of trap ridge 
near (Darton, '90, p. 48). 

Dip in sandstone at (Cook, '82, p. 24). 
Escarpment of trap at (Cook, '68, p.177). 

Sneedsboro, N. C. Breadth of Newark rocks 
near (Olmstead, '24, p.12). 

Snydertown, N.J. Boundary of trap near (Cook, 
'68, p. 192). 

Contact phenomena at I Cook. '82, p. 62). 
Dip in indurated shale at (Cook, '82, p. 26). 
Dip near (Cook, '68, p.197). 

Soils in New Jersey. (Cook, '68, pp. 226-227. 
Cook, '79, p.14). · 

From shale near New Brunswick (Cook, '78, 
p.24). 

From trap (Cook, '78, pp. 37, 39. Nason, '89, 
p. 37). 

From trap and sandstone (Cook, '82, p. 66). 
From trap of Sourland mountain (Cook, '68, 

p.192). 
Soils in Nova Scotia. (Dawson, '78, p.112). 
SOLOMON, R. G. Record of well bored at New· 

ark, N.J. (Nason, '89b). 
Somers, Conn. Report of the finding of coal at 

(E. Hitchcock, '23, vol. 6, p. 63). 
Somerville, N. J. .Analysis of copper ore from 

(Bowen). 
Artesian wells near (Cook, '85, pp.113-114). 
Bitumen near (Beck, '39). 
Contact of trap and sandstone near (Cook, '82, 

pp. 51-52). 
Copper mine near (Cook, '83, p. 164). 
Copper mine near, description of the Bridge

water (H. D. Rogers, '36, pp. 168-169). 

Somerville, N. J.-Continued. 
Copper mines near, description of (H. D. 

Rogers, '40, p. 162). 
Copper ore at (Cook, '71, pp. 55-56): 
Copper ore, locality for (H. D. Rogers, '36, p. 

166). 
Dip in shale and sandstone near (Cook, '82, 

p. 29). 
Dip in shale near (Cook, '79, p. 30). 
Dip near (Cook, '68, p. 198). 
Occurrence of native silver near (Darton, '85). 
Section across Watchung mountains, near 

(Cook, '83, p. 166 and plate). 
Trap outcrops near (Darton, '90, p. 70). 

Somerville trap ridge, N.J. Description of (H. 
D. Rogers, '40, pp.147-148). 

Sorrel horse, Pa. Boundary of the Newark near 
(Lesley, '85, p. lxxxi). 

Souris, P. E. I. Newark rocks exposed near 
(Dawson and Harrington, '71, p. 15). 

Sourland mountains, N. J. Altered shale near 
(Cook, '68, pp. 212-214. Cook, '83, p. 24). 

Course of (Cook, '82, p. 19). 
Description of (Cook, '68, pp. 191-192. Cook, 

'82, pp. 61-62. Darton, '90, pp. 61-65. H. 
D. Rogers, '40, pp.152-158). 

Dip at (Cook, '68, pp. 191, 197, 198). 
Dip in indurated shale at (Cook, '82, p. 26. 

Cook, '82, p. 29). 
Metamorphism (contact) at (Cook, '68, p.191). 
Metamorphism (contact) near (Cook, '87, p. 

125). 
Origin of trap of (Darton, '89, p.138). 
Position and extent of (Nason, '89, p. 35). 
Probable faults near (Nason, '89, p. 25). 
Section through (Darton, '90, p. 59). 
Trap ridge near (Cook, '82, p. 60). 

Sourland mountain trap. Position of, in the New-
ark series (Darton, '89, p. 139). ' 

Southampton, ltlass. Concerning coal at (E. 
Hitchcock, '35, p. 231). 

Conglomerate in (E. Hitchcock, '35, p. 214). 
Report of the finding of coal at (E. Hitcheock, 

'23, vol. 6, p. 63). 
Southampton, Pa. Boundary of the Newark in 

(C. E. Ha1l, '81, pp. 56-57). 
Southampton to·wnsltip, Pa. Report on the geol

ogy of (C. E. Hall, '81, pp. 56-57). 

South Branch, N. J. Dip at (Cook, '68, p.197). 
Dip in shale near (Cook, '82, p. 28). 

South Britain, Conn. Eviilence of faults near 
(W. M. Davis, '88, pp. 469-471). 

Ideal sections of trap ridges near (W. M. 
Davis, '88, p. 471). 

Sandstone resting on Primary rocks in (Per
cival, '42, p. 450). 

Sketch map of trap ridges near (W. M. Davis, 
'88, p. 4-70). 

Southbury, Conn. Age of the Newark system of, 
as indicated by fossil fishes (W. C. Red
field, '56, pp.180-181). 

Brief account of Newark area i:a (E. Hitch
cock, '35, p. 220). 

Brief account of Newark rocks in (E. Hitch· 
cock, '28, pp. 227 -228). 
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Southbury, Conn.-Continued. 
Brief account of trap ridge of the Newark 

system of (E. Hitchcock, '35, p. 513). 
Description of fossil fishes from (W. C. Red

field, '41, p. 27). 
Description of fossil wood from (E. Hitchcock, 

'43b, pp. 294---295). 
Description of rocks at (E. Hitchcock, '43b, 

p.294). 
Description of trap ridge in (Percival, '4?-, pp. 

410--412). 
Reference to Newark area in (E. Hitchcock, 

'41, p. 446). 
Reference to Newark rocks in (Russell, '78, p. 

238). 
Southbury area, Conn. Brief account of (Whelp

ley, '45, p. G2). 
Brief description of (.J. D. Dana, '75, pp. 404, 

405. W. M. Davis, '88, pp. 468--469. Silli
man, '20a, pp. 231-233). 

Considered a remnant left by erosion (Russell, 
'78, p. 239). 

South Carolina. Account of the geology of (Lie
ber, '56). 

Brief account of the Newark system in (Hen
derson, '85, p. 88). 

Brief accounts of trap dikes in (Hammond, 
'84, pp. 466--497). 

Description of trap dikes of (Tuomey, '44). 
Map of Chesterfield county, in (Lieber, '56, 

pl.6). 
Mention of slates and trap rocks of supposed 

Newark age (Butler, '83). 
Mention of trap dikes in (Bradley, '76). 
Metamorphism (contact) in (Tuomey, '48, pp. 

48, 103-104, 113). 
Report on the geology of (Tuomey, '48). 

South copper mine, Conn. Rocks of (Percival, 
'42, pp. 316, 391). 

South Coventry, Pa. Newark rocks of (Frazer, 
'83, p. 221). 

Trap dikes in (Frazer, '83, p. 221). 

South Durham, Conn. Trap ridges near (Davis 
and Whittle, '89, p.l07). 

South Durham mountain, Conn. Chemical com
position of trap from (Hawes, '75). 

South Hadley, Mass. Boring for coal at (E. Hitch
cock, '41, p. 525). 

Brecciated trap at contact of trap and sand
stone at (E. Hitchcock, '41, p. 658). 

Brief account of sandstone near (E. Hitch
cock, '35, pp. 220-221). 

Character of sandstone at (E. Hitchcock, '41, 
pp. 446--447). 

Coal at, examination for (E. Hitchcock, '35, 
pp. 53-54). 

Report of the finding of (E. Hitchcock, '23, 
vol. 6, p. 63). 

Coal found in (E. Hitchcock, '41, pp.139-140). 
Coal in (E. Hitchcock, '35, p. 231). 
Dip and strike of rocks in (E. Hitchcock, '41, 

p. 448). 
Dip at (E. Hitchcock, '35, p. 223). 
Discussion of the origin of so-called tadpole 

nests from (Shepard, '67). 

South Hadley, Mass.-Continued. 
Fo!>sil bones at, brief account of (Wells and 

Bliss, '50). 
Fossil bones from (Wells, '50, p. 340). 

- Fossil footprints at (E. Hitchcock, '58, pp. 49, 
50, et seq.). 

Discovery of (E. Hitchcock, '58, p. 3). 
Fossil footprints found near (D. Marsh, '48, 

p. 272). • 
Fossil footprints from (Deane, '61). 

Description of (C. H. Hitchcock, '88, p. 125· 
E. Hitchcock, '36, p. 320-325. E. Hitch
cock, '41, pp. 478-501. E. Hitchcock, '47. 
E. Hitchcock, '48). 

In New York state cabinet (Anonymous, 
'54). 

Mention of (E. Hitchcock, '55a, p. 186). 
Reference to (Macfarlane, '79, p. 63). 

Fossil footprints near, early discovery of (E. 
Hitchcock, '36, p. 309). 

Localities of (E. Hitchcock, '41, pp. 465, 
466. E. Hitchcock, '48, p. 132). 

Fossil footprints in museum at (C. H. Hitch
cock, '88, p. 121). 

Fossil plants from (E. Hitchcock, '41, p. 452, 
pl. 29). 

Reference to (E. Hitchcock, '35, p. 235). 
Gypsum at (E. Hitchcock, '35, pp. 54, 213). 
Metamorphism, contact, observed at Titan's 

pier in (E. Hitchcock, '35, p. 424). 
Moody footmark quarry at (E. Hitchcock, '58, 

pl.l). 
Remarks on recent and fossil raindrop im

pressions observed at (Merrick, '51). 
Trap-tuff or tufaceous conglomerate at (E. 

Hitchcock, '44e, p. 7). 
South high rock, Conn. Detailed study of the 

geological structure near (\V. M. Davis, 
'89). 

Southington, Conn. Brief reference to fossil 
fishes at (E. Hitchcock, '37, p. 267). 

Copper mines of (Percival, '42, p. 318). 
Description of trap ridges in (Percival, '42, p. 

403). 
Limestone in (E. Hitchcock, '35, p. 218). 
Limestone near (Percival, '42, p. J43). 
Reference to fetid limestone in (E. Hitchcock, 

'41, p. 444). 
Report of the finding of coal at (E. Hitch

cock, '23, vol. 6, p. 63). 
South mountain, Conn. Description of (Percival, 

'42, pp. 372-375). 
South mountain, Pa. Conglomerate at east base 

of (Frazer, '85, p. 403). 
South notch, N. J. Boundary of Second moun

tain trap at (Cook, '68, p. 184). 
Southport, Conn. Description of trap dikes in 

Primary rocks near (Percival, '42, pp. 416-
417). 

South valley hill, Pa. Description of trap dike 
near (Frazer, '80, p. 30). 

Trap dikes in (C. E. Hall, '81, p. 20). 
Southwick, Conn. Building stone in (Percival, 

'42, p. 439). 
Southwick ponds, Conn. Description of trap 

ridges near (Percival, '42, p. 408). 
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Spencer's Island, N. S. Copper at. (How, '69, p. 
65). 

Description of (Gesner, '36, p. 239-240. Jack· 
son and Alger, '33, p. 265). 

Trap of (Dawson, '78, p. lOG). 
Sporting Hill, Pa. Boundary of theN ewark near 

(Frazer, '80, pp. 13, 37). 
Spring Garden, Pa. Description of trap dike near 

(Frazer, '80, p. 29). 
Spriugfleld, Conn. Dip at (Wells, '50, p. 340). 

Section across Connecticut valley at (E. 
Hitchcock, '58, pl. 2). 

Unconformity in the Newark at (Wells, '50, 
p. 340). 

Springfield, }lass. Analysis of a ferruginous 
shale from (Jackson, '50a) . 

Bones in Reel sandstone at (E. Hitchcock, '58, 
p. 180). 

Description offossil footprints from (E. Hitch
cock, '41, pp. 478-501). 

Localities of fossil footprints in (E. Hitch
cock, '41, p. 466). 

Reference to fossil bones from (Wells, '56). 
Remarks on fossil footprints found at (E. 

Hitchcock, '45c, p. 63). 
Section through (Walling, '78, pl. op. p. 192). 

Springfield, N. J. Brief referei>Ce to trap hills 
near (H. D. Rogers, '36, p. 159). 

Elevation of First mountain at (Cook, '82, p. 
49). 

Reference to geology near (H. D. Rogers, '40, 
p.129). 

Springflel<l area, Va. Description of (Heinrich, 
'78, p. 230). 

Springfield coal basin, Va. Brief reference to (W. 
B. Rogers, '40, p. 72). 

Springfield coal pits, Va. Brief account of (Clif
ford, '87, p. 25). 

SJ>ringflel!l mountain, N.J. Sandstone on (Cook, 
'68, p. 181). 

SJ>ringfleld township, Pa. Report on the geology 
of (C. E. Hall, '81, pp. 80-83). 

Spring Hill, Pa. Trap dike near (Lewis, '85, pp. 
442, 443). 

Spring mills, N. J. Boundary of Newark near 
(Cook, '68, p. 175). 

Character of the formation near (H. D. Rog
ers, '40, p. 131). 

Description of variegated conglomerate near 
(H. D. Rogers, '36, p. 147). 

Detailed description of calcareous conglom. 
erate near (H. D. Rogers, '40, pp. 140-141). 

Dip in shale near (Cook, '82, p. 27). 
Occurrence of conglomerate at (Lea, '53, p. 

190). 

Springtown, Pa. Boundary of the Newark near 
(H. D. Rogers, '58, vol. 2, p. 668). 

Conglomerate near (H. D. Rogers, '58, vol. 2, 
p. 681). 

Springville, Pa. Description of trap dike near 
(Frazer, '80, p. 29). 

Spruce Hill, Pa. Description of a fault near 
(Lewis, '85, p. 450). 

Squiertown, N. J. Trap hill near (Cook, '68, pp. 
185, 186). 

Stanton, N. J. Description of Round 
near (Cook, '68, pp. 193-194). 

Dip at (Cook, '68, p. 197) . 
Trap outcrop near (Cook, '82, p. 63). 

Stanton station, N. J. 'trap outcrop near 
ton, '90, p. 70). 

Starrli point, N. S. ' Coast section near 
'47, p. 56). 

Dip of sanustone at (Dawson, '78, p. 91). 
State line station, Pa. Trap dike near (Lewis, 

'85, p. 448). 
Staten island, N. Y. Account of Red 

and conglomerate of (Mather, '43, pp. 
294). 

Account of trap rocks of (Mather, '43, pp. 
279-282). 

Brief description of the Newark rocks of (T. 
S. Hunt, '83, p. 173). 

Brief reference to trap near Tompkinsville 
(Mather, '38). 

Description of Newark outcrop at Marin11r'a 
harbor (Hollick, '89) . 

Description of the Newark rocks of (Brit
ton, '81). 

Geological map of (Putnam, '86a, p. 123). 
Mention of additional exposures of Newark 

rocks on (Britton, '86. Hollick, '89a). 
Paving stone quarries at (Cook, '68, llJl. 522-

523). 
Section of (Cozzens, '43, pl. 4). 
Trap dikes of, reference to (Chamberlin, '87. 

Russell, '78, p. 241. Darton, '90, p. 38). 
Trap rock of (Cook, '68, p. 178). 

STAUGHTON, T. M. Notice of collection of fos
sil footprints belonging to (Packard, '71). 

STEEL, J. DORMAN. 1874. 
Fourteen weeks in popular geology. 
New York and Chicago, 12mo, pp. 1-280. 
Contains a geologic-al sketch map of the 

United States, frontispiece; a brief ac
count of the footprints of the Connecticut 
valley, pp. 184-185, and a figure of a fossil 
fish, after Emmons, p. 274. 

Steel's bridge, N. C. Brief account of geology 
near (McLenahan, '52, p. 169). 

Steele's pits, Pa. Trap dikes in (Frazer, '83, p. 
241). 

Stettler ore bank, Pa. Section of (H. D. Rogers, 
'58, vol. 1, p. 89). 

STEPHENSON, }l. F. 1871. 
Geology and mineralogy of Georgia [etc.]. 
Atlanta, Ga., 12mo, pp. 1-244 and map. 
Brief mention of the Newark system, p. 59. 

Stepney, (!onn. Mention of the finding of fossil 
fish at (Percival, '42, p. 442). 

STERNBERG, K. 1820-1838. 
Versuch einer geognostisch-botanischen Dar

stellung der Flora der Vorwelt. 
Prag and Regeusburg, folio. 
Contains description of fossil plants from tbe 

Riehmond area. Not seen. 

STEVENS, R. P. 1861. 
On the extension of the Carboniferous system 

of the United States, so as to include all 
true coals. 
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STEVENS, R. P .-Continued. 
In New York Lye. Nat. Hist., Ann., vol. 7, 

1862, pp. 414-419. 
Cites the conclusions of various geologisis in 

reference to the age of the coal-bearing 
rocks of eastern Virginia and of North 
Carolina, and proposes to include there 
formations in the Carbonife;ous. 

STEVENS, R. P. 1873. 
[Remarks on the natural coke or "carbonite" 

of t.he Richmond coal field, Va.] 
In New York Lye. Nat. Hist., Proc., 2<1 ser. 

[vol. 1], 1874, p. 73. 
Records certain observations which are 

thought to prove that the natural coke 
has not been formed by the action of the 
heat of trap dikes or associated coal seams, 
as supposed byW. B. Rogers. 

Stevensburg, Va. Boundaries of the Newark 
near (W. B. Rogers, '40, p. 62). 

Detailed description of geology near (W. B. 
l{ogers, '40, p. 67). 

Stevenson's mountain, Pa. Trap dike at (H. D. 
Rogers, '58, vol. 2, p. 689). 

STILLMAN, T. B. Analysis of native iron by 
(Cook, '83, p. 163). 

Stockton, N.J. Conglomerate near (Nason, '89, 
p. 16). 

Description of quarries near (Cook, '81, p. 59). 
Dip in sandstone at (Cook, '82, p. 26). 
Plant remains in sandstone near (Nason, '89, 

p. 27). 
Quarry at (Cook, '81, p. 59). 
Sandstone quarries at (Cook, '79, p. 24). 
Section through (Darton, '90, p. 61). 
Small fault near (Nason, '89, p. 32). 
'rrap hill near (Nason, '89, p. 36). 
Trap outcrops near (Darton, '90, p. 69). 
Typical localities of gray sandstone near (Na-

son, '89, p. 24). 

STODDER, CHARLES. 1857. 
[Evidence as to the relations of sandstone and 

trap at Hadley Falls and Amherst, Mass., 
from the transmission of vibrations.) 

In Boston Soc. Nat. Hist., Proc., vol. 6, p, 267. 
Stokesburg, N. C. Brief account of coal near 

(McGehee, '83, p. 76). 
Coal from (Gentll and Kerr, '81, p. 82. Kerr, 

'75, pp. 145, 295). 
Coal workecl near (Williams, '85, p. 59). 

Stokes county, N.C. Account of the geology of 
(Emmons, '52, pp. 144-153. Mitchell, '42, 
pp. 133-134). 

Stonehenge colliery, Va. Analysis of coal from 
(Clifford, '87, p.10. Macfarlane, '77, p. 515. 
Williams, '83, p. 82). 

Notes on (Taylor, '35, p. 284). 
Stone House plains, N.J. Sandstone quarry at 

(Cook, '79, p. 22). 
Stonersville, Pa. Detailed account of dips near 

(d'Invilliers, '83, pp. 216-217). 
Stony brook, N.J. Dip near (Cook, '68, pp. 196, 

199). 
Stony Point, N.Y. Character and origin of the 

Newark conglomerate at (Russell, '78, p. 
253). 

Stony Point, N. Y.-Continued. 
Conglomerate quarries near (Nason, '89, p. 40). 
Description of conglomerate south of (Russell, 

'78, p. 236). 
Dip of Newark rocks southward of (Nason, 

'89, p. 18). 
Note on the strata beneath Newark conglom

erate at (.J.D. Dana, '80-'81, vol. 22, p.ll3). 
Stony ridge, Pn. Description of (Gibson, '20). 
Stoutsburg, N. J. Section of trap sheet near 

(Darton, '90, p. 66). 
Strike at Chapel Hill, N. C. ' (Macfarlane, '77, p. 

518). 
At Cornwall iron mines, Pa., detailed measure-

ments of (Lesley and d'lm·illiers, '85). 
At Haywood, N.C. (McLenahan, '52, p.168). 
.At King's Point, N . .J. (Darton, '83a) . 
.And dip at Leaks ville, N.C. (Emmons, '56, pp. 

257, 258). 
And dip at. Madison, N. C. (Emmons, '52, p. 

151). 
Of Newark rocks in Massachusetts (E. Hitch

cock, '55, p. 226). 
In neighborhood of Meriden, Conn. (W. M. 

Davis, '89). 
In southern Connecticut, numerous measure

ments of (Hovey, '89). 
In Richmond coal :field, Va. (Lyell, '47, p. 262). 
Near New Hope, Pa. (H. D. Rogers, '58, vol. 

2, p. 673). 
Of east border of the Richmond coal :field, Va. 

(Taylor, '48, p. 48). 
Of fault in quarries at Belleville, N . .J. (Cook, 

'81, p. 44). 
Of Newark beds at Shutt.le Meadow, Conn. 

(W. M. Davis, '89, p. 64). 
Of the Newark system in Massachusetts, de

tailed accountof(E. Hitchcock, '41, p. 448). 
Of outcrop near Egypt, N. C. (E. Emmons, '56, 

p. 244). 
Of sandstone, etc., in the Connecticut valley; 

many observations on (W. M. Davis, '83). 
Of strata in Connecticut valley (E. Hitchcock, 

'58, pp. 10, 13). 
Of trap dike in .Adams county, Pa. (H. D. 

Rogers, '58, vol. 2, p. 691). 
(.And clip) in the Wheatley Lode, Pa. (H. D. 

Rogers, '58, vol. 2, p. 703). 
In Georgia (Loughridge, '84, p. 279). 
Near Falmouth, Pa. (Frazer, '80, p. 34). 
NearLittleetown, Pa. (Frazer, '76, pp.102-

103). 
Prevailing, in the Richmond coal :field, Va. 

(W. B. Rogers, '36, p. 56). 
Of Newark rocks in Pennsylvania (Frazer, 

'77c, p. 654). 
Of sandstone in Massachusetts (Walling, 

'78). 
Of trap dikes in Virginia (W. B. Rogers, '39, 

p. 82). 
Strinestown, Pa. Trap dikes near (H. D. Rogers, 

'58, YOJ. 2, p. 688). 
Structure of the Newark system briefly discussed 

(Kerr, '74). 
consideration of (Cook, '68, pp. 336-339). 
In New Jersey (Cook. '68, pp. 195-205). 
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Structure oftlle Newark system-Continued. 
In New J"ersey, with reference to gneiss belt 

bordering it on the east (D. S. Martin, '76, 
p.120). 

In North Carolina (Kerr, '75, p. 191). 
OnPrinceEdwardisland(Dawson, '78, p.30). 
Review of papers relating to (Cook, '82, pp. 

12, 14). 
Styles's saw mill, N. J. Boundary of Second 

mountain trap at (Cook, '68, p. 183). 
STUR, D. 1888. 

Die Lunzer (Lettenkohlen) l!'lora in der "Older 
Mesozoic beds of the coal field of Eastern 
Virginia." 

In Verhandlungen der K. K. geologischen 
Reichsanstalt, No. 10, 1888, pp. 203-217. 

Reviewed by J. Marcou in Am. Geol., vol. 5, 
pp. 160-174. 

Noticed in Am. Jour. Sci., 3d ser ., vol. 37, p. 496. 
A review of W. M. Fontaine's monograph on 

the Older Mesozoic Flora of Virginia. 
Gives a list of species from Virginia, 
which are identical with species from the 
Lettenkohle of Germany. Concludes that 
the American beds are the equivalent of 
the Lettenkohle. 

STUR, D. Cited on the fossil plants of the New
ark system (Zeiller, '88). 

Review of a paper on Newark flora by (Mar
cou, '90). 

Su:tferns, N. J. Boring near (Cook, '68, p. 175). 
Boundary of Newark at (Cook, '68, p. 175). 
Boundaries of Newark system near (Cook, '89, 

p.ll). 
Conglomerate near (Cook, '82, p. 41). 
Dip in sandstone at (Cook, '82, p. 24). 
Dip near (Cook, '68, p. 195). 
Dip of conglomerate at (Cook, '79, p. 30). 
Possible connection of trap sheet near (Dar-

ton, '90, p. 39). 
Thickness of Newark near (Cook, '68, p.175). 

Su:tferns station, N. J. Conglomerate quarries 
near (Nason, '89, p. 40). 

Suftleld, Conn. Description of fossil footprints 
from (E. Hitchcock, '41, pp. 478-501). 

Localities of fossil footprints in (E. Hitch
cock, '41, p. 466). 

Sandstone quarries near (Shaler, '84, p.127). 
Ridges in (Percival, '42, p. 445). 

Sugar Loaf mountain, Md. Brief account of sand
stone quarries near (Tyson, '60, appendix, 
pp. 5-6). 

Sugar Loaf mountain, Mass. Character of con
glomerate at (E. Hitchcock, '35, p. 214). 

Conglomerate with graphic granite at (E. 
Hitchcock, '4.1, p. 441). 

Description of (E. Hitchcock, '41, p. 247. Per
cival, '42, p. 409). 

Description of sandstone near (Percival '42 
pp. 448, 450). ' ' 

Description of scenery near (E. Hitchcock, 
'23, vol. 7, pp. 9-10). 

Dip at (E. Hitchcock, '35, p. 223). 
Dip and strike of rocks at (E. Hitchcock '41 

p.448). ' ' 
Note on conglomerate near (Nash, '27, p. 247). 

Sugartown, Pa. Mention of a trap 
(Frazer, '84, p. 693). 

Summerside, P. E. I. Dip near (Dawson and Har· 
rington, '71, p.18). 

Section at ([lawson and Harrington, '71, pp. 
17-18). 

Summerville copper mine, N.J. Mineral found 
at (Torrey, '22). 

Suncraeks at Middletown, Conn., brief remarks 
on (J. Johnson, '43). 

In New Jersey, mention of localities of (Rus
sell, '78, p. 225). 

On sandstone of Connecticut valley (E. Hitch· 
cock, '58, pp. 169-170, 173, pl. 4.6). 

Sunderland, Mass. Bituminous shale with fossil 
fishes at (E. Hitchcock, '41, p. 443). 

Character of rock at (E. Hitchcock, '41, p. 
447). . 

Character of rocks exposed at (J. D. Dana, 
'83, p. 385). 

Coal found in (E. Hitchcock, '41, p. 139). 
Coal in (E. HitclJCock, '35, p. 231). 
Color of strata near (Newberry, '88, p. 8). 
Description of the geology near (W. M. Davis, 

'83, p. 259). 
Dip and strike in (E. Hitchcock, '41, p. 448). 
Dip at (E. Hitchcock, '35, p. 223). 
Fossil fishes from (Anonymous, '54. Em· 

mons, '57, p. 143. E. Hitchcock, '35, p. 
238, pl. 14, in atlas. Silliman, '21a). 

Account of (E. Hitchcock, '41, p. 458). 
Brief account of (E. Hitchcock, '37, p. 267). 
Descriptions and figures of (N ewherry, '88). 
Descript.ion of (W. C. Redfield, '41). 
List of (De Kay, '42). 
Mention of (Marcou, '53, p. 42, pl. 6. A. 

Smith, '32, p. 219). 
Reference to (Brongniart and Silliman, '22). 
Remarks on (Harlan, 34, pp. 92-94. W. c. 

Redfield, '42). 
Fossil fucoid from (E. Hitchcock, '41, p. 451). -
Fossil locality at, mention of (Packard, '71). 
Fossil plants from (E. Hitchcock, '41, p. 455). 

Descriptions and figures of (N ewherry, '88). 
Observed near (E. Hitchcock, '41, p. 450). 

Fossil shell from (E. Hitchcock, '23, vol. 6, 
pp. 76-79). 

Section in (E. Hitchcock, '58, pp. 9, 10, pl. 3). 
Stratigraphy in (Walling. '78). 
Trap interstratified with sandstone at (E. 

Hitchcock, '41, p. 654). 
Trap near, brief account of (E. Hitchcock, 

'23, vol. 6, pp. 46, 47). 

Swan creek, N. S. Amygdaloid at (Gesner, '36, 
pp. 251-252). 

Coast section east of (Dawson, '78, p. 103). 
Contact metamorphism near (Gesner, '36, p. 

254). 
Description of (Gesner, '36, pp. 249-259. Jack· 

son and Alger, '33, p. 272). 
Dip near (Dawson, '78, p. 104). 
Exposures of Newark rocks near (Dawson, '47, 

p. 54). 
Fault near (Dawson, '78, p. 104). 
Minerals near (Willimott, '84, p. 28L). 
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Swan creek, N. S.-Continued. 

Rock near (Dawson, '78, pp. 102-104). 
Section near (Dawson, '78, pl. op. p. 125). 
Synclinal near (Dawson, '78, p. 104). 

Sydney mills, N.J. Dip at (Cook, '68, p. 197). 
Synclinal, at Cape Tryon, P. E. I. (Dawson and 

Harrington, '71, p. 17). 
Axis near Boundbrook, N.J. (H. D. Rogers, 

'40, p. 128). 
In the Richmond coal field, Va., description 

of (W. B. Rogers, '36, p. 57). 
Near Swan creek, N. S. (Dawson, '78, p. 104). 
On Prince Edward island (Bain and Dawson, 

'85, p. 156). 
Taittelle quarry, ~ld. Analyses of sandstone 

from (Clarke, '89). 
Talbot, Ga. Brief account of trap dikes in (Hen

derson, '85, p. 88). 
Talbot county, Ga. :Trap dikes near (Lough

ridge, '84, p. 279). 
Talcott mountain, Conn. Building stones near 

(Percival, 42, p. 439). 
Reference to form of (Whelpley, '45, p. 63). 
Trap dikes near (Percival, '42, pp. 308, 310, 

369,374, 388-389). 
Talman's mine, Conn. Description of trap ridges 

near (Percival, '42, p. 404). 
Tappan station, N. Y. Boundary of trap out

crop at (Cook '68, p. 177). 
Tarbue's coal mine, Va. Mer.tion of iron ores 

from (W. B. Rogers, '80, p. 152). 
Tari1fvi11e, Conn. Extrusive trap with trap brec-

cia at (Rice, '86). · 
Small map of trap ridges near (Davis and 

Whittle '89, pl. 3). 
Special account of trap ridges near (Davis 

and Whittle, '89, pp. 133-135). 
Trap ridges near (Davis and Whittle, '89, p. 

109). 
TAYLOR, F. W. Analysis of sandstone from 

Connecticut by (Shaler, '84, p. 127). 
TAYLOR, R. C. 1834. 

[Richm0nd coal basin and it.s coal trade.] 
In Pennsylvania Senate Journal, vol. 2, 1833-

'34, p. 567. 
Not seen. 

TAYLOR, RICHARD C. 1835. 
Memoir of a section passing through the 

bituminous coal field near Richmond, Va. 
In Pennsylvania Geol. Soc., Trans., vol. 1, 

pp. 275-294, pl. 16-17. 
Describes the general character of the Rich

monel coal field, together with the thick
ness and quality of the coal as exposed in 
a number of mines. 

TAYLOR, RICHARD C. 1835a. 
Review of geological phenomena, and the de

ductions derived therefrom, in 250 miles 
of sections in parts of Virginia and Mary
land. Also notice of certain fossil aco
tyledonous plants in the secondary strata 
of Fredericksburg. 

In Pennsylvania Geol. Soc., Trans., vol. 1, 
pp. 314-325, pl. 18-19. 

Contains a brief mention of Newark sa.nd
stone aml conglomerate on the Potomac 
river in Maryland, p. 320. 

TAYLOR, RICHARD C. 1841. 
Report on the ornithichnites or footmarks of 

extinct birds, in the New Red sandstone 
of Massachusetts and Connecticut, ob· 
served by Prof. Hitchcock, of Amherst. 

Stoe Rogers, Vanuxem, Taylor, Emn!Ons, and 
Conrad, 1841. 

TAYLOR, RICHARD COWLING. 1848. 
Statistics of coal [etc., etc.], 
Philadelphia, pp. i-cxlviii, 1-754, aml six 

maps. 
Seeconcl edition, Philadelphia, 1855, pp. i-xx, 

1-640. 
Gives a brief review of previous writings on 

tl1e Richmond coal field and states the 
amount of coal produced per year from 
1822-1828. 

The age and l'!tructure of the deposit are also 
considered. 

TAYLOR, R. C • . Cited as to age of the coal fields 
of North Carolina (Emmons, '56, p. 271). 

Cited on age of the Newark system (New
berry, 88, p. 8. H. D. Rogers, '44, p. 251. 
H. D. Rogers, '58, vol. 2, p. 693. Zeiller, 
'88, p. 698). 

Cited on the age, etc., of the Richmond coal 
field, Va. (Macfarlane, '77. Marcou, '49. 
p. 573. Marcou, '58, p. 13. W. B. Rogers, 
'43, p. 299). 

Cited on Newark flora (Marcou, '90). 
Cited on Richmond coal field (Clifford, '88). 

TAYLOR and CLE~ISON. Citerl on the age of the 
Richmond coal field, Va. (W. B. Rogers, 
'43, p. 301). 

Taylor's, N. C. Analysis of coal from (Chance, 
'85, p. 39). 

Section of coal seams at (Chance, '85, p. 40). 
Taylor's coal mi.J1e, N.C. Explorations for coal 

at (Chance, '85, p. 36). 
Quality of coal found at (Emmons, '52, p. 131). 
Section of coal seams at (Emmons, '52, pp. 

125,126, 129). 
Taylorsville, Pa. Change in the dip of retl !lhale 

adjacent to a trap dike (Lewis, '82). 
'l'aylorsville, Y:t. Description of Newark area 

near (Heinrich, '78, pp. 229-230). 
Tea hills, P. E. I. Rock of (Dawson and Har

rington, '71, p. 16). 
Section from, to Belfast (Dawson and Harring

ton, '71, pl.). 
Tenafly, N. J. Mention of building stone near 

(Cook, '81, p. 43). 
Ten·mile creek, N. B. Dip near (Gesner, '41, p. 

14). 
Newark rocks at (Matthew, '65, p.123). 

Ten-mile run, N. J. Dip at (Cook, '68, p.197). 
Dip in sandstone at (Cook, '82, p. 25). 
Sandstone quarry at (Cook, '79, p. 24). 

Ten-mile run mountain, N. J. Analysis of soil 
from (Cook, '78, pp. 37, 39, and map). 

Copper ores near (Cook, '68, p. 679). 
Description of (Cook, '68, pp. 189-190. Cook, 

'82, pp. 59-60). 
Detailerl description of (Darton, '90, pp. 59-61). 
Posit.ion of trap near, in the Newark system 

(Darton, '89, p.139). 
Trap rock of (Cook, '82, p.18). 
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Terrace hill, Pa. Boundary of the Newark near 
(Frazer, '80, pp. 15, 48). 

Thatcher's, R., quarry, near Klinesville, N. J. 
Fossil Estherias found in (Nason, '89, p. 
30). 

Thickness of coal. At Evans, N.C. (Chance, '85, 
pp.44,45). 

At Gulf, N.C. (Chance, '85, p. 41). 
.A.t Midlothian, Va. (Chance, '85, p.19). 
At Murchison, N.C. (Chance, '85, p. 49). 
In Egypt shaft, N.C. (Chance, '85, p. 35). 
In Richmond coal field, Va. (Lyell, '66, p. 452. 

Lyell, '47, pp. 263, 264, 265, 267. Newell, 
'89). 

Near Leaksville, N.C. (Chance, '85, p. 64). 

Thickness of coal and of natural coke. In the 
Richmond coal field, Va. (Coryell, '75). 

Thickness of sandstone. Near Leaksville, N.C. 
(Emmons, '57, p. 22). 

Near Madison, N.C. (Emmons, '57, p. 22). 

Thickness of the New11rk. (Cook, '88. Kerr, '75a. 
Newberry, '88, p. 5). 

Brief statement concerning (J.D. Dana, '56, p. 
322. H. D. Rogers, '56, p. 32). 

Briefly discussed (Kerr, '74). 
General obs!'.rvations concerning (J. D. 

Dana, '75, p. 421). 
In Connecticut (J.D. Dana, '73, vol. 5, p. 427). 

Indicated by a well at New Haven (J. D. 
Dana, '83, p. 386). 

In Woodbury-Southbury area (W. M. 
Davis, '88, p. 468). 

In the Connecticut valley (J.D. Dana, '71, pp. 
46-47. J.D. Dana, '79. W. M. Davis, '88, 
p. 467. E. Hitchcock, '53. E. Hitchcock, 
'58, pp.ll-15. LeConte, '82, p. 453. New
berry, '88, p. 5. H. D. Rogers, '56, p. 32. 
A. Smith, '32, pp. 21~220). 

In Massachusetts (E. Hitchcock, '55, p. 226. 
E. Hitchcock, '35, pp. 224-228. Emerson, 
'91). 

At Greenfield, Mass. (Emmons, '57, pp. 5, 
6-9, 22). 

At Mount Tom (E. Hitchcock, jr.,'55, p. 23). 
In New Brunswick, at Quaco Head (Dawson, 

'78, p. 108). 
In New Jersey (Cook, '68, p. 174. Cook, '79, 

pp. 30-31. Cook, '82, pp. 12-14. Cook, '89, 
p.13). 

At Newark and Paterson (Shaler, '84, pp. 
142-143). 

Discussion of (J. D. Dana, '79). 
Estimates of (Cook, '87. Darton, '89, p. 139. 

Russell, '80a). 
Near Amsterdam (Cook, '68, p. 175). 
Near Sufferns (Cook, '68, 175). 

In New York (Darton, '90). 
In North Carolina (Emmons, '56, pp. 231-232. 

Emmons, '57, p. 30. Kerr, '75, p.145). 
Discussion of (Chance, '85, pp.15-16). 
Egypt (Fontaine, '83, p. 100). 
Gulf (Emmons, '57, p, 22). 
Haywood (Fontaine, '83, p. 100). 
In Dan river coal field (Daddow and Ban

nan, '66, p. 405). 

Thickness of the Newark-Continued. 
Near Farmersville (W. R. Johnson, '51, p. 8). 
Near Farmville (Chance, '85, pp. 28-35). 
On Deep river, N. C. (Chance. '85, pp. 20, 21. 

Daddow amlBannan, '66, p. 405. Emmons, 
'52, pp. 137-139. Jones, '62, p. 91. Mac
farlane, 77, pp. 518-519). 

In Nova Scotia, at St. Mary's bay (.Jackson 
and Alger, '33, pp. 234-235) . 

In Pennsylvania (Frazer, '77c, p. 651. Lesley, 
'83, pp. 189-190. Lesley, '91). 

Discussion of (Frazer, '77a, pp. 495-497,498-
499) . 

Estimate of (Lesley, '83, pp.180-181). 
In Adams county, estimate of (Frazer, '77, 

pp. 270, 303). 
In Berks county (d'Invilliers, '83, pp. 200-

201). 
In Bucks county, estimate of (Lesley, '85, 

p.xxv). 
In Chester county, calculation of (Lesley, 

'83, p. 180). 
In York county (Frazer, '85, pp. 402-403). 

In Virginia, Richmoml coal field (Clifl'ord, '87, 
pp. 4, 23-24. Daddow and Bannan, '66, p. 
398. Fontaine, '83, pp. 6-7. Frazer, '85, 
p. 403. Le Conte, '82, p. 457. Lyell, '47, 
pp. 263, 271,272. Taylor, '35). 

Mention of (Hitchcock and Hitchcock, '67, 
p. 416). 

Remark on IH. D. Rogers, '53) . 
(So-called) on Prince :Edward island (Bain 

aml Dawson, '85, p. 155. Dawson, '72, p. 
203. Dawson, '78, pp. 29, 31. Dawson 
and Harrington, '71, -pp. 14, 15). 

Thickness of trap in Connecticut, Poml rock 
(Hovey, '89, pp. 364-365). 

Southern (Hovey, '89, p. 378). 
In Connecticut valley (Whelpley, '45, p. 63). 
In New Jersey (Cook, '82, p. 46. Darton, '90). 

Watchung trap sheets (Darton, '89, p. 137. 
Darton, '90, p. 21). 

In Virginia, Richmond coal fiel<l (Lyell '47, 
pp. 271, 272). 

Near C.trbon hill (Clifford, '87, pp. 11-12). 

Third mountain, N. J. .Analysis of trap from 
(Cook, '68, p. 217). 

Description of (Cook, '68, p. 185). 
Detailed description of (Darton, '90, pp. 32-

39). 
Dips in the associated sandst{)ne (Walling, 

'78, p. l96). 
See, also, Long Hill. 
See, also, Watchung mountains. 

Thompson's mills, N.J. Boundary of trap near 
(Cook, '68, p . 192). 

Thoroughfare Gap, Va. Boundary of the Newark 
near (W. B. Rogers, '40, p. 63). 

Three ridges, N.J. Trap outcrops near (Darton, 
'90, p. 70). 

Tine's, E., N.J. Dip near (Cook, '68, p. 197). 
Tinicum creek, N.J. Dip in shale at (Cook, '82, 

p. 27). 
Tippecanoe coal mine, Va. Analysis of coal from 

(Williams, '83, p. Si). 
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Tippecanoe coal mine, Va.-Continued. 
Character and efficiency of coal from (W. R. 

J'ohnson, '50, pp. 133-134, and table op. p. 
134). 

Trial of the coal of, for heating purposes (W. 
R. Johnson, '44, pp. 405-419, 421). 

Titan's tJiazza, llass. Brecciated trap at contact 
of trap and sandstone (E. Hitchcock, '41, 
p. 658). 

Titan's pier, Mass. Account of the trap rock of 
(E. Hitchcock, '41, pp. 641-643). 

Brecciated trap at contact of trap and sand
stone (E. Hitchcock, '41, p. 658). 

Columnar trap at (E. Hitchcock, '35, pp. 401-
402). 

Contact metamorphism observed at (E. Hitch
cock, '35, p. 424). 

Dip and strike of rocks at (E. Hitchcock, 
'41, p. 448). 

Titusville, N.J. Dip near (Cook, '68, p. 197). 
Dip of shale at (Cook, '79, p. 29. Cook, '82, p. 

26). 
Quarries of trap rock at, mention of (G. P. 

Merrill, '89, p. 436). 
Trap rock quarries near (Cook, 79, p. 26). 
Trap rock quarried near (Cook, '81, p. 62). 
Section through (Darton, '90, p. 61). 

TODD, J. Cited on the discovery of a mass of 
native copper on Hamden hills, Conn. 
(Silliman, '14, p. 149). 

Toket mountain, Conn. Anterior trap ridge of 
(Davis and Whittle, '89, p. 107). 

Description of main ridge of (Davis and Whit
tle, '89, p. 111). 

Description of trap ridges near (Percival, '42, 
})p. 326-;327, 339, 343). 

Description of, with discussion of geology 
(Hovey, '89). 

Discussion of the geological structure of (W. 
M. Davis, '86, p. 346). 

Fault near (W. M. Davis, '88, p. 473). 
Formed uy an overflow trap sheet (W. M. 

Davis, '88, pp. 464, 467). 
Limestone near {Percival, '42, pp. 316, 443). 
Sandstone in shale under (Percival, '42, p. 

442). 
Sketch map of (W. M. Davis, '88, p. 479). 
Small map of north end of (Davis and Whit· 

tle, '89, pl. 2). 

Small map of south end of (Davis and Whit
tle, '89, pl. 2). 

Strike and dip of sandstone near (Hovey, '89, 
pp. 370-371). 

Structure of (W. M. Davis, '88). 
Structure of trap rocks of (Percival, '42, p. 

313). 
Topographic form of (Percival, '42, p. 303). 
Trap conglomerate on (PerciYal, '42, p. 316). 

Toket and Pond mountains, Conn. Bird's·eye 
view of (W. M. Davis, '88, p. 480). 

Tompkinsville, Richmond county, N. Y. Brief 
reference to trap rocks near (Mather, '38). 

Joints and veins near (Mather, '43, }). 625). 
Tooley's point, N. B. Rocks of (Gesner, '40, p. 

19). 

TORREY [JOHN]. 1820. 
[Note on Datholite from Paterson, N.J.] 
In Am. Jour. Sci., vol. 2, p. 369. 
Brief account of chemical tests to show the 

character of the mineral in quest.ion. 

TORREY [JOHN]. 1822. 
Summerville copper mine [New Jersey]. 
In Am. Jour. Sci., vol. 5, p. 401. 
Describes the location o{ the mine and gives 

a list and description uf minerals fouml 
there. 

TORREY, J. Cited on the trap of the Palisades, 
N.J. (Pierce, '20, p. 183). 

Totowa, N.J. Boundary of Second mountain 
trap near (Cook, '68, p. 183). 

Towakbow mountain, N. J. Analysis of trap 
from (Cook, '68, p. 217). 

Description of (Cook, '68, p. 186. Cook, '82, 
pp. 54-55). 

Origin of (Darton, '89, p. 173). 
See Third Watchung mountain. 

Tougbkeuamou, Pa. Mention of a trap clike near 
(Frazer, '84, p. 693). 

Trap. Amount of iron in (Russell, '89, p. 51). 
.Amygdaloid minerals of (Jackson, '5!la). 
.As a building stone (Egleston, '86, p. 666). 
Brief account of (Cooper, '22, pp. 239-243. 

Emmons, '52, p. 14G. Emmons, '57, pp. 
149-151. Marcon, '58, p. 70). 

Dikes of (Macfarlane, '79, pp. 42-43). 
Brief description of (H. D. Rogers, '56, p. 32). 
Brief sketch of (H. D. Rogers, '58, vol. 2, p. 

763). 
Chemical alteration of (Hawes, '75). 
Columnar structure of, discussecl (E. Hitch· 

cock, '35, p. 432). 
Compiled account of (Cleaveland, '22, pp. 746-

747). 
Composition of (W. M. DaviR, '83, p. 284. 

Gesner, '36, p. 169. LeRley, '83, p. 1!l3). 
Condensed account of (H. D. Rogers, '58, vol. 

2, p. 671). 
Considered as a metamoq)hose<l sedimentary 

bed (W. M. Davis, '83, p. 280). 
Contact metamorphism produce(] by (E. 

Hitchcock, '35, pp. 433-434). 
Description of (J.D. Dana, '75, pp. 417-420). 
Dikes of (Macfarlane, '79, pp. 42-43). 
Dikes of, not confined to theN ewark (Lesley, 

'83, p. 192). 
Effects of, on sandstones, various authors 

cited on (W . . M. Davis, '83, pp. 300-302). 
Evidence of the extrusive character of cer

tain sheets of (W. M. Davis, '82a, pp. 
120-124). 

Example of the lamination of (Lesley, '56, p. 
162). 

Examples of ridges of (J. D. Dana, '75, pp. 
417-419). 

Exposed by denudation (I .. yell, '47, p. 273). 
Extrusive sheets of, means of distinguishing 

(Davis ancl Whittle, '89, pp. 100-104). 
Formed by the alteration of earthy sediments 

(Frazer, '76b). 
General account of (M'Clure, '22). 

·. 
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Trap-Continued. 
General account of the distribution of (G. P. 

Merrill, '89, pp. 433-434). 
General characteristics of (Cook, '79, p. 20). 
General distribution of dikes (Kerr, '75a). 
Hypothesis in reference to the origin of dikes 

(J.D. Dana, '47, pp. 99-100). 
Ideal section of sheets of, after I. C. Russell 

(W. M. Davis, '83, p. 281, pl. 9). 
Influence of, on strike and dip of associated 

beds (W. B. Rogers, '42). 
Intrusion of, among sedimentary beds, dis

cussed (E. Hitchcock, '35, p. 432). 
Intrusive character of (Cook, '82, pp. 14-15). 

Opinions of various geologists cited on (W. 
M. Davis, '83, p. 279). 

Intrusive sheets of, means of distinguishing 
(Davis and Whittle, '89, pp. 100-104). 

Law of distribution of dikes of (Frazer, '76, 
p. 95). 

Means of distinguishing extrusive and intru
sive sheets (Davis and Whittle, '89, pp. 
100-104). 

Mechanical effects produced by the intrusion 
of, among stratified rocks (E. Hitchcock, 
'35, p. 432). 

Microscopical examination of (E. S. Dana, 
'75). 

Mineralogical character of (Mahan, '71, p. 3). 
Mineralogical composition of (Hawes, '82). 
Not confined to the Newark (Lesley, '83, p. 

193). 
Origin and character of (Cook, '79, p . 32) . 
Origin of (J.D. Dana, '56, pp. 322-323. J.D. 

Dana, '73, vol. 6, p. 108). 
Discussed (J. Hall, '55- '59, p. 79. E. Hitch

cock, '23, vol. 6, p. 59. Mather, '43, p. 
283). 

Origin of columnar form (Iddings, '86) . 
Origin of name (Gesner, '36, p. 169). 
Origin of secondary minerals in (J. D. Dana, 

'45). 
Trap in Alabama. Dikes in crystalline rocks 

(Bradley, '76. E. A. Smith, '83, p. 556). 
Trap in Connecticut. About New Haven. de

scription of (J.D. Dana, '71, pp. 46-47). 
Age of, discussed (Hovey, '89). 
Arrangement of dikes in the crystalline area 

of (Percival, '42, p. 320). 
At New Haven, description of (J. D. Dana, 

'71, pp. 46-47). 
Garnets in (E. S. Dana, '77). 

At Rocky Hill, description of (Silliman, '30, 
pp. 124-130). 

Junction of, with sandstone beneath (Silli
man, '30, pp. 122-131). 

At Tariffville, extrusive, with breccia (Rice, 
'86). 

At Trumbull, description of trap dikes in 
Primary rocks (Percival, '42, pp. 416-417) . 

At WallingfQrd, dikes (Chapin, '35). 
At West Rock, account of (Silliman, '20a, pp. 

202-203). 
At Woodbury, account of (Silliman, '20a, pp. 

231-233). 
At Woodbury-Southbury area (Whelpley. '45, 

p. 62). 

Trap in Connecticut-Continued. 
Brief account of dikes in crystalline rocks 

(Percival, '42, pp. 308-310). 
Brief account of the distribution of (Perci· 

val, '42, pp. 10-11). 
Brief discussion of (Percival, '42, pp. 310-3ll). 
Character of (Percival, '42, pp. 312, 426). 
Contact metamorphism associated with (HO· 

vey, '89, pp. 369-375). 
Contact phenomena of accompanying dikes in 

crystalline areas (Percival, '42, p. 317). 
Description of breccias of (Percival, '42, p. 

316). 
Deseription of conglomerate of (Percinl, '42, 

p. 316). 
Dfltailed description of (Percival, '42, pp. 299-

426). 
Dikes in the Primary rocks, detailed descrip· 

tion of (Percival, '42, pp. 412-426). 
Structure of (Percival, '42, p. 312). 

Disturbance produced by dikes (Lyell, '54, p. 
12). 

East Haven-Bradford region (Hovey. '89). 
Erosion indicated by (Russell, '80a). 
Fair Haven, mention of (Hovey. '89, p. 377). 
Gaylors mountain, fragments in sandstone 

(Davis and Whittle, '89, p. 106). 
In Southbury, account of (Silliman, '20a, pp. 

231-233). 
Intrusive and extrusive sheets of (Davis and 

Whittle, '89). 
Metals associated with (Percival, '42, p. 317). 
Metamorphism produced by \Davis and Whit

tle, '89). 
Microscopical examination of (Hovey. '89). 
Microscopical structure of (Davis and Whit-

tle, '89, pl. 4). 
Minerals of (E. S. Dana, '77). 
Near Kensington, mention of (Percival, '22). 
Near Meriden, brief account of dikes (J. D. 

Dana, '70. C. H. S. Davis, '70). 
Map of ridges of.(W. M. Davis, '89c, p. 424). 
Structure of sheets of (W. M. Davis, '89). 

Note on dikes (Lyell, '47, p. 273). 
Origin of, discussed (Hovey, '89). 
Origin of the crescent form of ridges of (Ho

vey, '89, p. 379). 
Outcrops of, described . and mapped (Davis 

and Whittle, '89). 
Quarries of (G. P. Merrill, '89, p. 434. Shaler, 

'84, p. 127). 
Relation to associated rocks (Percival, '42, pp. 

426-452). 
Relation to sandstone, shale, etc. (Percival, 

'42, pp. 426-452). 
Remarks on (J. D. Dana, '72) . 
Remarks on crescent form of (H. D. Rogers, 

'43c.) 
Structure of ridges of (J. D. Dana, '75a, p. 

502). 
System of (Percival, '42, pp. 322-410). 
Two classes of (Percival, '42, p. 312). 

Trap in Connecticut valley. Account of (A. 
Smith, '32, pp. 224-227). 

Age of (E. Hitchcock, '47a, p. 203), 
Breccia (Rice, '86). 
Brief account of (Porter, '22). 
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Trap in Connecticut valley-Continued. 
Brief account of dikes (Dan berry, "39, pp. 22, 

23). 
Brief account of hills of (J.D. Dana, '73, vol. 

6, p. 105). 
Brief description of (Russell, '78, p. 242-243). 
Brief description of conglomerate of (E. 

Hitchcock, '44e, pp. 6--8). 
Conglomerate (E. Hitchcock, '58, pp. 18- 19). 
Connection of, with dip of associated sand

stone (Silliman, jr., '42). 
Crescent-shaped ridges of (Silliman, '44). 
Date of extrusion of (E. Hitchcock, '35, p. 

513). 
Described and compared with similar rocks in 

other strata (E. Hitchcock, "35, p. 409). 
Description of (E. Hitchcock, '47a, pp. 199-

207). 
Detailed account of (W. M. Davis, '88, pp. 

462-466. Davis and Loper, '91). 
Detailed description of anterior ridges of (W. 

M. Davis, '88). 
Detailed description of posterior ridges of 

(W. M . Davis, '88). 
Distribution of (A. Smith, '32, pp. 224-227). 
Elevations of ridges of (J. D. Dana, '71, pp. 

46-47). 
Explanation of crescent form of ridges of (W. 

M. Davis, '82a, pp. 123- 124) . 
General account of (Chapin, '87. Davis and 

Loper, '91. Eaton, '20, pp. 249-256. E. 
Hitchcock, '58, p. 10. Silliman, '10, pp. 
95- 97) . 

General description of (E. Hitchcock, '23, vol. 
6, pp . .44-80, vol. 7, pp. 1- 16, 29-30). 

General description of ridges of (E. Hitch
cock, '41, pp. 647-650). 

Geological relation of (E. Hitchcock, '23, vol. 
6, p. 50.) 

Intrusive origin of (J.D. Dana, '71a). 
Intrusive sheets of (W. M. Davis, '88, pp. 

463-464). 
Magnetism of (E. Hitchcock, '45a). 
Mineralogical composition of (Silliman, '14). 
Minerals associated with (Silliman, '18a). 
Mode of formation (E. Hitchcock, '58, pp. 17-

20). 
Mode of formation of considered (Silliman, 

jr., '44). 
Mode of formation of tufa (E. Hitchcock, '47a, 

p. 203). 
Not accountable for the dip of stratified rocks 

(E. Hitchcock, '53). 
Observations on the origin of sheets of (W. 

M. Davis, '82). 
Occurrence of, in strata (Jackson, '50, p. 336). 
Order of arrangement of dikes (Percival, '42, 

p. 302). 
Origin of (J.D. Dana, '73, vol. 5, p. 431). 
Origin of crescentic form of ridges of (Whelp- · 

ley, '45, p. 63). 
Origin of, discussed (W. M. Davis, '89b). 
Origin of ridges of, discussed (E. Hitchcock, 

'35, p. 513) . • 
Origin of sheets of (W. M. Davis, '82a). 

Bull. 85-21 

Trap in Connecticut valley-Continued. 
Overflow sheets (W. M. Davis, '88, pp. 464-

466). 
Principal overflows of, indicated (W. M. Da

vis, '88, p. 467). 
Reference to (Newberry, '88, p. 5). 
Reference to ridges of (J. D. Dana, '47, pp. 

391-392). 
Relation of, to elevation of associated sand

stone (E. Hitchcock, '58, pp. 15- 17). 
Relation of, to fossil footprints (E. Hitchcock, 

'58, pp. 19, 20). 
Relation of, to other trap systems (Jackson, 

'45). 
Relation to topography (Lyell, '54, p. 33). 
Relation to the transmission of vibrations 

(St.odder, '57). 
Remarks on the origin of (Brigham, '69, pp. 

24-25). 
Ridge of (Russell, '78, pp. 244-248). 
Structural significance of overflow sheets (W. 

M. Davis, '88, p. 467). 
Topography of (W. M. Davis, '86, p. 344). 
Topography of ridges of (E. Hitchcock, '47a, 

pp. 201- 202). 
Volcanic tufa d~sCiibed (E. Hitchcock, '44). 

Trap in Georgia. .Brief account of dikes (Hen
derson, '85, p. 88. T. P. James, '76, p. 38 
and map. Little, '78 , p. 14). , 

Dikes in crystalline rocks (Bradley, '76) . 
Trap in Massncbusctts. Accountofamygdaloidal 

(E. Hitchcock, '41, pp. 644-645). 
Account of columnar (E. Hitchcock, '35, pp. 

399-402). 
Account of conglomerate of (E. Hitchcock, '35, 

p . 215). 
Account of porphyritic (E. Hitchcock, '41, p. 

644). 
Account of tufaceous (E. Hitchcock, '41, pp . . 

644-645, 648). 
At Deerfield, lithology of (Emerson, '82, pp. 

196-198). . 
At Greenfield, brief account of (tuft) (E. Hitch

cock, '35, p. 409). 
At Mount Holyoke, brief account of (E. Hitch

cock, '55a, pp. 87-88). 
. Brief account of tuff (E. Hitchcock, '35, p. 

409). 
Columnar character of (Eaton, '18, p. 34). 

At Mount Tom, junction of, with sandstone 
(E. Hitchcock, '35, p. 421). 

Tuff on east side of (E. Hitchcock, '24, pp. 
245-247). 

Tuff on west side of (E. Hitchcock, '35, p. 
409). 

Brief account of (E. Hitchcock, '35, pp. 23-24, 
31, 202, 205) 0 

Brief account of amygdaloid (E. Hitchcock, 
'35, pp. 404-405). . 

Brief account of economic value of (E. Hitch
cock, '41, pp. 152-153). 

Brief account of tufaceous (E. Hitchcock, '35, 
p. 405). 

Catalogue of specimens (E. Hitchcock, '41, pp. 
819-820). 
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Trap in Massachusetts-Continued. 
Chemical effects of, on adjacent strata (E. 

Hitchcock, '41, pp. 657-659). 
Description of (E. Hitchcock, '41, pp. 640-663)· 
Description of columnar (E. Hitchcock, '41, 

pp. 641-643). 
Description of ridges of (E. Hitchcock, '35, pp. 

408-410). 
Detailed account of (E. Hitchcock, '35, pp. 

399-401). 
Dips of, in associated sandstone (Walling, '78). 
Influence of, on the inclination and 0haractcr 

of associated sedimentary beds (E. Hitch· 
cock, '55, p. 227). 

In gneiss (E. Hitchr:ock, '41, pp. 648-650). 
List of specimens of (E. Hitchcock, '35, PI'· 

669-670). 
Lithological character of (E. Hitchcock, '41, 

pp. 641-643). 
Mineral contents of (E. Hitchcock, '41, pp. 

660-663). 
Origin of ranges of (Emerson, '87, pp.19-20). 
Quarries of (G. P. Merrill, '89, p. 435). 
Relation to other rocks (E. Hitchcock, '41, pp. 

650-655). 
Specific gravity of (Walling, '78, pp. 191-192). 
System of, described (E. Hitchcock, '35, pp. 

513-514). 
Topography of (E. Hitchcock, '35, pp. 405-410. 

E. Hitchcock, '41, pp. 646-650). 
Trap in New Brunswick. (Bailey, '72, pp. 220-

227. Bailey, Matthew, and Ells, '80, p. 
23D. Gesner, '40, pp. 16, 17, 22. Gesner, 
'41, pp. 15, 16, 33). 

General statements concerning (Gesner, '39, 
pp. 12-13, 14, 15, 16, 17, 18, 46, 47, 51, 59). 

Intrusive (Bailey, Matthew, and Ells, '80, p. 
23D). 

Mention of (Bailey, Matthew, and Ells, '80, 
note 1 on map No.1, S. E., accompanying). 

On Grand Manan island (Bailey, '72. Bailey, 
Matthew, and Ells, '80, map No. 1, S. W., 
accompanying, and note 7 on map. Chap
man, '72. Chapman, '78, p. 106. Verril, 
'78). 

Trap in New Hampshire. Dikes (Hubbard, '50, 
p.170). 

Trap in New Jersey. Analyses of (Cook, '68, pp. 
215-218). 

Bells mountain, described (H. D. Rogers, '40, 
p. 152). 

Bergen hill, analysis of (Darton, '83). 
Bored wells in (Cook, '85, pp.122-123). 
Bowlders of, on west side of Newark area (N a. 

son, '89, pp. 40-42). 
Brief account of dikes (Cook, '87, p.126). 
Brief account of (Cozzens, '43, pp. 48-49). 
Brief account of (D. S. Martin, '88, pp. 8-9). 
Brief account of (Nuttall, '22, pp, 239-241). 
Briefreference to ridges of (Newberry, '88, 

p. 5). 
Brief remarks on the origin of (T. S. Hunt, 

'74). 
Columnar (Cook, '68, pp. 202-205. Cook, '84, 

pp. 22-28). 
Conglomerate of (Cook, '68, p. 337), 

Trap in New Jersey-Continued. 
Crescent form of ridges of (W. M. Davis, '82a, 

pp. 123-124. H. D. Rogers, '43c). 
Crescent-shaped ridges of (Silliman, '44). 
Description of (Cook, '82, pp. 22, 43-66). 
Description of outcrops of (Cook, '82, pp. 43-

66). 
Detailed account of (Darton, '90. H. D. Rog· 

ers, '36, pp. 159-170. H. D. Rogers, '40, pp. 
141-158). 

Detailed description of outcrops, etc. (Cook, 
'68, pp. 176-194). 

Development of ridges of (Davis and Wood, 
'89). 

Dikes in Arch.ean rocks (Nason, '90). 
Diluvial scratches on (Cook, '68, p. 228). 
Dip of associated sandstone (H. D. Rogers, '40, 

p.121). 
Discussion of the origin of (Cook, '83, pp. 22-

26). 
Distribution of, in (Cook, '82, p. 19). 
Diverse dips adjacent to INason, '89, p. 19). 
Division of, into northwest and southwest 

areas (Nason, '89, p. 34). 
Elevations of ridges of (Cook, '68, pp. 20-21). 
Ellipsoidal lines of ridges of (Cook, '82, p. 32). 
Erosion indicated by (Russell, '80a). 
First mountain, junction of, with sandstone 

(Cook, 'S2, pp. 50-52). 
Formation of ridges of (Russell, '78, pp. 244-

246). 
General account of (Cook, '82, p. 22. Cozzens, 

'43, pp. 47-48. Credner, '70. Eaton, '20, 
pp. 249-256. Pierce, '20. H. D. Rogers, 
'40, pp. 114-117). 

General description of (Russell, '78, pp. 241-
246). 

General dip of (Russell, '80, p. 50). 
Goat hill, alterations produced by (H. D. 

Rogers, '36, p. 156). 
Hudson county, described (Russell, '80, pp. 

35-45). 
Hunterdon copper mine, interstrati:fied with 

shale (Dickeson, '59, pp. 8, 10). 
Intrusive (Cook, '68, pp. 20, 202-205. Cook, 

'79, p. 33. Cook, '83, p.166. Cook, '87, p. 
127). 

Intrusive nature of (H. D. Rogers, '40, p.145). 
Intrusive sheets of (Russell, '78a). 
Lithological character of (Nason, '89, p. 37). 
Lithological description of (Cook, '68, p. 207). 
Lithology of (Cook, '68, p. 207). 
Little Falls, erosion of (Cook, '82, pp.15-16). 
Magnetite in (Cook, '68, p. 338). 
Martin's dock, description of dikes (Cook, '82, 

pp. 58-59, pl. 6). 
Metamorphism near, brief account of (Cred: 

ner, '70) . . 
Metamorphism produced by (Davis and Whit

tle, '89). 
Minerals accompanying (Cook, '68, p. 225). 
Montville, origin of conglomerate of (Nason, 

'90). 
Native iron in (Cook,"'74, pp. 56-57). 
Newark, in bored well (Ward, '79,p.150). 
Newark bay (Cook, '68, p. 177). 
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Trap in New Jersey-Continued. 
Orange, columnar (Cook;, '84, pp. 23-28). 
Orange, near, description of columnar (ld· 

dings, '86). 
Orange, intrusive (Cook, '84, pp. 23-28). 
Orange, popular description of (Heilprin, '84). 
Origin of (W. M. Davis, '82. H. D. Rogers, 

'36, p.160). 
Origin of curved form of ridges of (Cook, '87, 

p. 127). 
Origin of ridges of, discussed (Darton, '89). 
Origin of sheets of (Cook, '87. W. M. Davis, 

'82a). 
Palisades, general account of (Akerly, '2i, pp. 

27-28, 31-37, 57, 62-64). 
Analysis of (J.D. Dana, '72). 
Intrusive (Cook, '68, p. 200). 
Metamorphic origin of (B. N. Martin, '70). 
Section of (Cook, '68, p. 200). 

Paterson, near (Cook, '68, pp. 202-203). 
Junction of, with sandstone (J. H. Hunt, 

'90). 
Thickness of (Shaler, '84, p. 143). 

Preference for the name intrusive (Cook, '89, 
p.12). 

Quarries of (Cook, '79, p. 25. Cook, '81, pp. 
60-63. G. P. Merrill, '89, p. 435. Shaler, 
'84, pp. 145-146). 

Relation of ridges of, to drainage lines (Nason, 
'89,p.43). 

Rocky hill, metamorphism produced by (J.D. 
Dana, '43, pp. 113-114). 

Sand hills (Cook and Smock, '78, p. 233). 
Soils formed from (Cook, '78, pp. 37, 39-40). 
Sourland mountain, description of (H. D. Rog 

ers, '40, pp. 152-158). 
Successive sbeets of (Darton, '90, pp. 24-25). 
Summary of conclusions concerning (Cook, 

'89, p. 14). 
Thickness of (Cook, '82, p. 46). 
Topography of (Cook, '68, pp. 20-21). 
Varieties of (H. D. Rogers, '40, pp. 143-145). 
Weehawken, microscopical characters of (G. 

P. Merrill, '84, p. 24, pl. 8). 
Intrusive (Cook, '82, p. 45). 

Trap in New York. Closter, basaltic columns in 
(Akerly, '20, p. 33). 

Detailed description of (Darton, '90). 
Extent of (Mather, '43, pp. 278-282). 
General account of (Eaton, '20, pp. 249-256). 
Haverstraw (Darton, '90, p. 49). 
Origin of (Mather, '43, p. 283). 
Palisades, analysis of (Newberry, '70). 

Brief account of (Emmons, '42, pp. 16-17). 
Rockland county, brief account of (Mather, 

'39, pp. 116-117, 122-123. Mather, '43, p. 
279). 

Staten island, brief account of (Chamberlin, 
'86. Cozzens, '43, p. 56. T. S. Hunt, '83, p. 
173. Mather, '43, pp. 278-283). 

Exposures of (Britton, '81, pp. 168-170, pls. 
15, 16). 

Mention of (Mather, '38). 

Trnp in North Carolina. Alteration of coal near 
dikes (Tuomey, 48, pp. 46, 68. Genth and 
Kerr, '81, p. 82). 

. Trap in North Carolhta-Continued. 
Brief account of (Emmons, '57, pp. 150, 151. 

Henderson, '85, p. 88. Kerr, '74. Kerr, '75. 
Mitchell, '42, pp. 130-134). 

Chapel hill, mention of (Willis, '86, p. 307). 
Dan river coal field (Emmons '56, p. 258. Mac

farlane, '77, pp. 526-527). 
Decomposition of (Burbank, '73, pp. 151-152). 
Deep river coal field (Chance, '85, p. 59. Em· 

mons, '52, p. 137. Wilkes, '58, pp. 7 -8). 
Dikes in crystalline rocks (Bradley, '76). 
First determination of (Mitchell, 42, p. ·39). 
Gulf, alteration of coal at (Tuomey, '48, pp. 

103-104). 
Mitchell cited on (Lyell, '47, p. 273). 
Sanford, analysis of (Clarke, '87, p.138). 

Trap in Nova Scotia. Absence of stratification 
in (Emmons, '36, p. 336). 

Brief account of (Chapman, '78, pp. 110-113. 
Emmons, '36, p. 335. Gesner, '36, pp, 72, 
73, 74, 80, 169-265. Honeyman, '85, pp.122-
124, 127. Jackson and Alger, '33, p. 284). 

Blomidon (Dawson, '78, pp. 91, 94. Gesner, 
'36, pp. 211, 220, 221. Dawson, '47, pp. 55-
56). 

Amygdaloidal (Gesner, '36, pp. 211, 220, 221). 
General account of (Honeyman, '79, pp. 27-

28). 

Microscopical character of (Marsters, '90). 
Cape D'Or (Jackson and Alger, '33, p. 263). 
Cape Sharp, mode of extrusion (Dawson, '78, 

p. 106). 
Oontaining manganese (Gilpin, 85, p. 8). 
Copper associated with (How, '69, pp. 65-66). 
Description of (Dawson, '78, pp. 86-125). 
Dikes expanding into sheets (Ells, '85, p. 7E). 
General account of (Alger, '27. Dawson, '78, 

pp. 87-88). 
Gerrish mountain (Dawson, '78, p.101). 
Magnetite in (How, '75, vol.1, pp.l36-137). 
Mention of (Willimott, '84, p. 24L). 
Minas basin (Dawson, '47, pp. 53-55. Ells, '85, 

p.7E). 

Mineral composition of (Dawson, '78, p. 112). 
Mode of extrusion (Dawson, '47, p.58). 
Moore river, uear (Dawson, '78, p.103). 
Of North mountain (Dawson, '47, pp. 55-58). 
Swan creek1near (Dawson, '78, pp. 103-105). 
Trout creek, minerals near (Gesner, '36, pp. 

183-184). 
Submerged ledges, (Perley, '52, p. 159). 

Potapiq ue river (Dawson, '78, p. 100). 
Specific gravity of (How, '75, vol.1, p.138). 

Trap in Pennsylvania. Adams county (Frazer, 
'77). 

Examination of (Frazer, '75). 
Localities of (Frazer, '77). 
Optical properties of (.Frazer, '76, pp, 124-

129). 
Analyses of (Frazer, '82, pp. 147-150. Gentb, 

'81). 
Associated with copper and lead (Lesley, '83, 

pp.193-195). 
Beller's crossing, near (Frazer, '77, pp. 267- . 

273). 
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Trap in Pennsylvania-Continued. 
Brief description of (Frazer, '82, pp. 142-150. 

Frazer, '83, p. 219. Lewis, '85, p. 443. H. 
D. Rogers, '39, pp. 21-22. H. D. Rogers, '58, 
vol.1, p. 214. H. D. Rogers, '58, vol. 2, pp. 
671,699. T. P. Smith, '99). 

Berks county, brief account of (d'In:rilliers, 
'83, pp.199-200, 203-204, 206...:.226). 

Influence of, on dips (d'Invilliers, '83, p. 48). 
Bucks county, brief account of (Lesley, '85, p. 

xxix). 
Caernarvon township, mention of (Frazer, '80, 

p.51). 

Carlisle, mention of, near (Macfarlane, '79, p. 
107). • 

Cashtown, near (Frazer, '77, pp. 295-299, pl. 
op.p.298). 

Chester county (Frazer, '83, pp. 219, 220, 221, 
233, 234, 235, 236, 237, 238, 241, 245,246,274, 
281, 282, 285, 286, 288, 292, 298, 307). 

Brief account of dikes (J .. esley, '85, p. xxxvii). 
Collins, detailed account of dikes, near (Fra

zer, '80, pp. 103- 104). 
Conewago hills, description of (Gibson. '20). 
Conoy township, description of (Frazer, '80, 

pp. 33-35). 
Cornwall iron mines, analyses of (Lesley and 

d'Invilliers, '84). 
Brief account of (d'Invilliers, 86a. pp. 876-

8711). 

Detailed account of (Lesley and d'Invilliers, 
'85). 

Dikes (H. D. Rogers, '58, vol. 2, pp. 718-719'). 
lllustrationsof (Lesley andd'Invilliers, '85). 

Dikes, alterations produced by (Lewis, '82). 
Brief account of (H. D. Rogers, '58, vol. 2, 

pp. 674, 684). 
Courses of (Lesley, '83, p.194). 
Crystalline rocks (Lesley, '83, pp. 48, 194. 

H. D. Rogers, '58, 'Vol. 2, p. 699). 
Detailed account of (H. D. Rogers, '58, vol. 

1, pp. 684-692). 
Frequency of (Lesley, '83, p.181). 
Review concerning (Frazer, '84). 

Dillsburg, near (Frazer, '77, pp. 222,230-236, 
317-331). 

Associated with iron ore tFrazer, '82, p.136). 
Discussion concerning (~razer, '77, pp. 267-

273, 317-331). 
Relation to iron ore (Frazer, '76d). 

Downington, near (Frazer, '83, p. 234). 
Dreshertown, mention of, near (C. E. Hall, '81, 

p. 65). 
East Cocalico township, mention of (Frazer, 

'80, p.43). 
East Douglas township, mention of (Frazer, 

'80,p.52). 
East Nantmeal (Frazer, '83, p. 233). 
Easttown (Frazer, '83, pp. 285, 286, 288. Lesley, 

'83, p.138). 
Elizabeth copper mine, near (H. D. Rogers,' 58, 

vol. 2, p. 707). 
Elizabeth township, brief account of (Frazer, 

'80, p. 40). 
Extrusive (Lesley, '83, p.194). 
Fairfield, near (H. D. Rogers, '58, vol. 2, p. 684). 

Trap in Pennsylvania-Continued. 
Falmouth, detailed account of dikes. near 

(Frazer, '80, pp.103-104). 
Flying hill, interstratified with 4'!hale etc .. 

(d'Invilliers, '83, pp. 203--204). 
Franklin county, localities of (Frazer '77) 
General description of (Lesley, '83. pp. 192-

194). 
Gettysburg, near (Frazer, '77, pp. 295-299). 

Chemical and microscopical examination of 
(Frazer, '77, pp. 309-312). 

Weathering of (Frazer, '74). 
Gulf mills, analysis of (C. E. Hall, '81, pp. 20, 

133-134). 
Honey Bush (Frazer, 83, p. 246). 
Hopewell mine (Frazer, '83, pp. 235, 236). 
Lancaster county, brief account of (Frazer, 

'80, pp. 2, 27--31, 124, 125). 
Landis's ore bank (Frazer, '77, p. 220). 
Lebanon county, brief account of (Lesley, '85, 

pp.lxiv, lxviii, pl. 35). 
Marion township (C. E. Hall, '81, p. 84). 
Marsh township, brief account of (C. E. Hall, 

'81, pp. 74-75). 
Mechanicsville, analysis of, near (C. E. Hall, 

'81, pp. 20, 133-134). 
Mention of (Frazer, '77, pp. 274-277, pl. op. p. 

274). 
Metamorphism produced by (IT. D. Rogers, 

'39, p. 22). 
Mineralogical composition of (Frazer, '76e, p. 

146. Frazer, '82, pp.144-147). 
Mine ridge, near (H. D. Rogers, '58, vol. 2, p. 

709). 
Mode of intrusion (d'Invilliers, '83, p. 203). 
Montgomery county, description of (C. E. 

Hall, '81, pp.19-23). 
Mount Holly, description of (Frazer, '77, pp. 

274-277). 
New Hope, mention of (H. D. Rogers, '48. H. 

D. Rogers, '58, vol. 2, p. 673). 
North Chester county (Lesley, '83, p. 211). 
North Coventry (Frazer, '83, p. 220). 
Pleasant View, near (Frazer, '80, p. 48). 
Quarries of (G. P. Merrill, '89, p. 436). 
Resume concerning (Frazer, '82, p.172). 
St. Mary's, near (H. D. Rogers, '58, vol. 2, pp. 

707, 708). 
Shelley's ore bank (Frazer, '77, p. 222). 
South Coventry (Frazer, '83, p. 221). 
South mountain, near (H. D. Rogers, '58, vol. 

2, p. 690). 
Springfield township (C. E. Hall, '~1, p. 80). 
Spring Garden, near (Frazer, '80, p.\67). 

. Steele's pits (Frazer, '83, p. 241). 
Stony ridge (Gibson, '20). 
Tredyffsen dikes (Frazer, '83, pp. 281, 282). 
Upper Merion, brief account of (C. E. Hall, 

'81, p.84). 
Valley Forge, direction of dikes, near (Lesley, 

'83, pp.195-196). 
Warwick mine (Frazer, '83, pp. 234,237, 238), 
Wellsville, near (Frazer, '77, pp. 230-236). 
West Chester, brief account of, near (Finch, 

'28). 
West Cocalico township, brief account of 

(Frazer, '8 0, pp. 42-43). 
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Trap in Pennsylfania-Continued. 

West Donegal township, description of (Fra-
zer, '80, pp. 36-37). 

West Goshen (Frazer, '83, p. 292). 
West Nantmeal (Frazer, '83, p. 245). 
West Town (Frazer, '83, p. 298). 
Wheatley lode, dikes (H. D. Rogers, '58, vol. 

2, pp. 702, 703). 
White Marsh township (C. E. Hall, '81, p. 75) . 
Williamson's point, analysis of (Frazer, '78). 

Chemical and optical stndy"of (Frazer, '78). 
lllustrations of thin sections of (Frazer, '80, 

pl. 7). 
Woodsville (Frazer, '83, p. 307). 
Yardleyville, near (Lewis, '82). 
York, analysis of, near (Frazer, '76, pp. 122-

124). 
Chemical and optical study of (Frazer, '75a). 

York county, brief account of (Frazer, '85, p. 
404). 

Examination of thin sections of (Frazer, '75). 
Localities of (Frazer, '77). 
Optical properties of (Frazer, '76, pp. 124-

129). 
York Haven, mention of, near (H. D. Rogers, 

'58, vol. 2, pp. 677, 678). 
Trap on Prince Edward island. (Dawson, '72, p. 

203. Dawson and Harrington, '71, pp. 21, 
22, 49. Ells, '84, pp.llE, 18E). 

Age of (M'Kay, '66). 
On Hog island (Chapman, '76, p. 92. Chap

man, '78, p.121. Dawson, '78, p.123. Daw
son, '78a, pp. 29, 31). 

Trap in South Carolina. Brief account of (But
ler, '83. Hammond, '841 pp. 466-467. Tuo
mey, '48, pp. 68,103-104,113. Henderson, 
'80, p. 88). 

Description of (Tuomey, '44). 
Dikes in crystalline rocks (Bradley, '76). 
Soils resulting from (Hammond, '84, p. 497). 

Trap in Vermont. Denudation indicated by 
(Adams, '46, pp.l60-162). 

Trap in Virginia. Brief accouut of (Heinrich, '78, 
p.244). 

Buck hill, mention of (Clifford, '88, p. 252). 
Carbon hill, natural coke near (Clifford, '87, 

pp.11, 13, 14). 
Clover Hill, mention of (De la Beche, '48, p. 

lxvi). 
Detailed account of (W. B. Rogers, '39, pp. 81-

83. W. B. Rogers, '40, pp. 64- 69). 
Farmville, reference to dikes, near (Daddow 

and Bannan, '66, p. 402). 
Midlothian, associated with coke (Clifford, '87, 

pp. 11, 13-14). 
Mineralogical and chemical composition of 

(Campbell and Brown, '90). 
Prince William county, metamorphism pro

duced by (W. B. Rogers, '55c). 
Quarries of (G. P. Merrill, '89, p. 436. Shaler, 

'84, p.l79). 
Richmond coal field (Lyell, '47, p. 271). 

1 1 
Influence on coal (W. B. Rogers, '54b). 
Relation to coke (Daddow and Bannan, '66, 

p. 400. W. B. Rogers, '54a. W. B. Rogers, 
'54b). 

Trap in Virginia-Continued. 
Richmond coal field, remarks on (Heinrich, '75). 

Thickness of (Lyell, '47, pp. 271-272). 
Near Staunton, description of (Darton and 

Diller, '90). 

Trap, origin of native copper associated with 
(Silliman and Houghton, '44). 

Overflow origin of, opinions of various geolo
gists cited on (W. M. Davis, '83, pp. 279-
280) . 

Overflow origin of sheets of (W. M. Davis, 
'82). 

Overflows of, from submarine volcanoes (Fos
ter, '51). 

Possible origin of ridges of (Lesley, '5G, pp. 
132-137). 

Quarries of (G. P. Merrill, '89, pp. 433-435) 
Relation of, to associated sandstone (W. M. 

Davis, '83, pp. 284-291). 
To copper ores in sandstones (Lyell, '54, p. 

33). 
To zeolite minerals, native copper, etc., 

(Jackson, '56). 
Theoretical considerations concerning (Cook, 

'68, pp. 336-339). 
Unity of (J.D. Dana, '73, vol. 6, p. 108). 
Various authors cited on dikes of (W. M. 

Davis, '83, pp. 291-293). 
Various authors cited on the cause of the 

curved forms of certain ridges of (W. M. 
Davis, '83, pp. 305-307). 

Various authors cited on sheets of (W. M. 
Davis, '83, pp. 293-300). 

Trenton, N. J. Analysis of sandstone from 
(Cook, '68, pp. 515, 516). 

Boundary · of Newark near (Cook, '68, pp 
175, 176. Cook, '89, p. 11. Lesley, '83, p. 
183. H. D. Rogers, '40, p. 118. H. D. 
Rogers, '58, vol. 2, p. 668). 

Brief account of conglomerate near (H. D' 
Rogers, '40, pp. 119- 120). 

Building stone near (Cook, '68, pp. 510-511). 
Character of strata west of (H. D. Rogers, '58, 

vol. 2, p. 672). 
Conglomerate near (H. D. Rogers, '36, pp. 

155, 157- 158). 
Contact of the Newark with gneiss near (H. 

D. Rogers, '58, vol. 2, p. 668), 
Dip at (Cook, '68, pp.196, 197. Cook, '79, p. 29. 

Cook, '82, p. 26. Nason, '89, p. 18. H. D. 
l{ogers, '40, p. 120). 

Fault near (Cook, '89, p. 14). 
Fossil crustaceans found near (Nason, '89, p. 

29). 
Fossil fishes found near (Nason, 189, p. 29). 
Gneiss bordering the Newark system near 

(Nason, '89, p. 16). 
Junction of sandstone and gneiss at (Cook, 

'68, p. 247). 
Sandstone near (Cook, 168, p. 208. Cook, '79, 

p. 24. Cook, '82, p. 20. H. D. Rogers, 
'40, p. 126). 

Section from, to Milford (Cook, '79, p. 28). 
Sectiou from, to Riegelsville, N.J. (Cook, '68. 

p. 199, and map in portfolio). 
Small coal seam near (Nason, '89j p. 27), 
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Trenton, N. J.-Continued. 
Unconformity at base of Newark system 

near (Conrad, '39). H. D. Rogers, '36, 
pp. 144- 145). 

Tribue's coal mine, Va. Notes on (Taylor, '35, p. 
284). 

Trimbleville, Pa. Trap dike near (Lewis, '85, 
p.445). 

Trimmer's mill, N.J. Trap boundary at (Cook, 
'68, p. 194). 

Trinity college, Conn. Special account of quarry 
near (Davis and Whittle, '89, pp. 120-122). 

Trio Islands, N. S. Description of (Jackson and 
Alger, '33, pp. 272-275). 

Trout cove, N. S. Description of (Jackson and 
Alger, 33, p. 232). 

Trowbridge mountain, N.J. Boundary of New
ark near (Cook, '68, p. 175. H. D. Rogers, 
'40, p.l18). 

Troy, N.C. Silicified trees near (Emmons, '56, 
p. 284). 

True vein copper mine, N.J. Boundary of First 
mountain trap at (Cook, '68, p. 182). 

Description of (Cook, '68, p. 678). 
Truro, N. S. Boundary of the Newark near 

(J. W. Dawson, '78, p. 99). 
Brief account of Newark rocks near (Honey

. man, '74, pp. 345-346). 
Description of Newark rocks near (J. W. 

Dawson, '47, p. 51. Ells, '85, pp. 6--7.E). 
Dip near (Dawson, '78, p. 99). 
Geology near (Dawson, '78, pp. 88-90). 
Newark rocks near (Marsters, '90). 
Sandstone of (Gesner, '43). 
Unconformity at base of Trias near (Dawson, 

'78, p . 99). 

Tryon, P. E. I. Silicified wood at (Dawson and 
Harrington, '71, p. 16). 

Tuckahoe, Va. Condition of coal mines at (Clif
ford, '87, p. 2). 

Tuckahoe coal mine, Va. Notes on (Taylor, '35, 
p. 284). 

Thickness of coal in (W. B. Rogers, '36, p. 54). 
Tumble station, N.J. Altered shale near (Cook, 

'68, p. 214). 
Bearing of joints nettr (Cook, '68, p. 201). 
Dip in shale near (Cook, '82, p. 27). 
Dip of red shale near (Cook, '79, p. 29). 
Footprints at (Cook, 79, p. 28). 
Footprints on flagstone near (Nason, '89, p. 

28). 
Occurrence of ripple-marks, sun-cracks, rain

drop impressions and footprin'is at (Rus
l!lell 78 p. 225). 

TUOMEY, M. 1844. 
Report on the geological and agricultural 

survey of the state of South Carolina. 
Columbia, S.C., pp. i-iv, 5-63. 
Contains a description of trap dikes which 

perhaps belong to the Newark system 
igneous rocks, p. 6. 

TUOMEY, M. 1848. 
Report on the geology of South Carolina. 
Columbia, S. C., 4to, pp. i-iv, 1-293, i-lvi, pl.1, 

and two maps. 

TUOltlEY, M.-Continued. 
Contains a description of ·the small area oc

cupied by the Newark system. Describe~ 
also the trap dikes that traverse a large 
portion of the state, and the contact meta
morphisms connected with them, pp. 46, 
68, 103-104, 113. 

Turk Eagle rock, N.J. Elevation of First moun
tain at (Cook, 82, p. 49). 

Turkey hill, Pa. Boundary of the Newark near 
(Frazer, '80, p. 15). 

Turner's Falls, Mass. Additional facts concern
ing Otozoum moodii from (E. Hitphcock, 
'55b) . 

Bituminous shale at (E. Hitchcock, '41, p. 443). 
Brecciated conglomerate near, brief account 

of (E. Hitchcock, '35, p. 216). 
Brecciated sandstone at (E. Hitchcock, '41, p. 

443). 
Brief account of copper near (E. Hitchcock, 

'41, p. 448). 
Brief account of shale at (E. Hitchcock, '35, 

p. 217). 
Character of rock at (E. Hitchcock, '41, p. 

447). 
Coal near (E. Hitchcock, '35, p. 231. E. 

Hitchcock, '41, pp. 139-140) . 
Conglomerate at (E. Hitchcock, '41, p. 442). 

Reference to (E. Hitchcock, '35, p. 215). 
Contact metamorphism near (E. Hitchcock, 

'35, pp. 423-424. E. Hitchcock, '41, p. 
658). 

Copper ore near (E. Hitchcock, '35, p. 229). 
Brief account of (E. Hitchcock, '35, p. 72). 

Deerfield trap range near, on the overflow 
origin of (W. M. Davis, '82) . 

Description of geology near (W. M. Davis, 
'83, pp. 259-261). 

Description of outcrop near (Emerson, '82). 
Description of scenery near (E. Hitchcock, 

'23, vol. 7, p. 13-16). 
Description of section across the Connecticut 

valley at (E. Hitchcock, '55. 
Dip at (W. M. Davis, '83, p. 259. E. Hitch

cock, '35, p. 423. E. Hitchcock, '36, p. 
308. Hitchcock, '58, p. 15, 58. Walling. 
'78, p. 192). 

In trap and sandstone at (E. Hitchcock, '35, 
p. 415). 

Of sandstone beneath trap at (E. Hitchcock, 
'41, p. 653). 

Unusual, at (E. Hitchcock, '35, p. 223. E. 
Hitchcock, '41, p. 447). 

Fault at (W. M. Davis, '88, pp. 469, 471). 
:Footprints at (E. Hitchcock, '58, pp. 49, et seq. 

Lyell, '66, p. 454. Silliman and Dana, '47. 
Winchell, '70, p. 183). 

Crustaceans from (E. Hitchcock, '65, pp.17-
18, pl. 2). 

Description of (Deane, '45. Deane, '45b. 
Deane, '45d. Deane, '47. Deane, '49. 
Deane, '56. C. H. Hitchcock, '66. E. 
Hitchcock, '43a, p. 254. E. Hitchcock, 
'44a. E. Hitchcock, '48. E. Hitchcock. 
'56a. E. Hitchcock, '65). 
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Turner"s Falls, Mass.-Continued. 
Footprints from (Deane, '61). 

Early discovery of (E. Hitchcock, '36, p. 
308). 

General description of Deane, '44. Deane, 
'50). 

In New York state cabinet (Anonymous, 
'54). 

Mention of (E. Hitchcock, '55a, p.l8u. Sha
ler, '85, pp. 218-219). 

Of a quadruped (Deane, '48). 
• Reference to (Macfarlane, '79, p. 63). 
Footprints near, localities of (E. Hitchcock, 

'41, p. 465. E. Hitchcock, '48, p.131). 
Fossil fishes from (Emmons, '57, pp. 143, 144. 

E. Hitchcock, '58, pp. 145, 146). 
Descriptions and figures of (Newberry, '88). 

Fossil insect from (E. Hitchcock, '58, p. 7). 
Fossil plants from (Emmons, '57, p. 108. E. 

Hitchcock, '41,p.450). 
Impressions supposed to have been made by 

Myriapods from (E. Hitchcock, '56, p. 
111). 

Insectlarvre from (.J.D. Dana, '75, pp. 410-411). 
Description of (Scudder, '84). 

J'unction of trap and sandstone near (W. M. 
Davis, '83, pp. 259-261). 

Limestone in (E. Hitchcock, '35, p. 218). 
Mention of, as a fossil locality (Packard, '71). 
Raindrop impressions from, description of 

{Deane, '45b). 
Relation of trap near, to associated rocks (E. 

Hitchcock, '41, p. 653). 
Sandstone at (E. Hitchcock, '41, pp. 442-443). 

Reference to (E. Hitchcock, '35, pp. 215-216). 
Section at, of Connecticut valley, after E. 

Hitchcock (W. M. Davis, '83, p. 280, pl. 9. 
E. Hitchcock, '58, pl. 3). 

Section at, showing junction of trap and sand
stone (W. M. Davis, '83, pp. 305-307, pl. 
10). 

Section exposed at (E. Hitchcock, '3u, pp. 414-
415). 

Section exposed near (E. Hitchcock, '35, p. 
221). 

Section through (E. Hitchcock, '58, pp. 9, 10, 
pl. 3. Walling, '78, pl. op. p. 192). 

Sketch map of country about (W. M. Davis, 
'83, DP· 305-307, pl. 10). 

Strike at (W. M. Davis, '83, p. 259). 
Thickness of strata at (Emmons, '57, pp. 5-6). 
Trap ridges near, account of (E. Hitchcock, 

'35, p. 409). 
Trap ridges near, general description of (E. 

Hitchcock, '41, p. 648). 
View of (E. Hitchcock, '41, pl.lO). 

Two islands, N. -S. Boundary of Newark system 
near (Ells, '85, p. 7E). 

Contact metamorphism near (Gesner, '36, p . 
254). 

Description of (Gesner, '36, pp. 249-259). 
Landslide on (Dawson, '52, p. 400). 
Minerals near (Willimott, '84, p. 28L). 
Rocks of (Gesner, '3(), p.170). 
Section near (Dawson, '47, pl. 5). 

'rYSON, PHILIP T. 1860. 
First report of Philip Tyson, state agricul

tural chemist, to the house of delegates of 
Maryland. 

[Baltimore.] Pp. 1-xl, 5-145; appendix, pp. 
1-20. 

Contains a brief account of the Newark roflks 
of Maryland, p. 41; also a description of 
conglomerate and sandstone used for build
ing purposes, appendix, pp. 3, 5-6. 

TYSON, S. T. Analysis of trap rock from Saltol'· 
ville lake, Conn. (.J.D. Dana, '73, vol. 6, p· 
107). 

TYSON, P. E. I. Geological structure near (Bain 
and Dawson, '85, p.156). 

UHLER, P. R. 1879. 
[Geological formations at railway stations in 

Maryland and the District of Columbia.l 
In an American geological railway guide, by 

.Tames Macfarlane, pp.l75-177. 
States that clays of probably upper .Jurassic 

age occur at Baltimore. 

Ublerstown, Pa. Trap outcrop near (Cook, '82, 
p. 63). 

Unconformity at base oft1te Newark. (W. B. and 
H. D. Rogers, '43a, p. 523. H. D ." Rogers, 
'58, vol. 2, p. 697). 

Briefly considered (W. M. Davis, '89a, p.196). 
In Connecticut (.T. D. Dana, '73, vol. 5, p. 427. 

.T~ckson, '56b, p.184). 
At Springfiehl (Wells, '50, p. 340). 

In Massachusetts (E. Hitchcock, '35, pl.18 in 
atlas). 

In New Brunswick (Bailey, '72, p. 218). 
At Gardners creek (Matthew, '63, pp. 256, 258. 

Matthew, '65, p.125). 
At. Quaco Head (Emmons, '36, p. 344. Ges· 

ner, '40, pp. 14,15-16. Matthew, '65, p.125. 
Whittle, '91). 

In North Carolina (E=ons, '56, p. 242). 
In Nova Scotia (Dawson, ' 78, p.llO. Ells, '85, 

p. 50E. H. D. Rogers, '56, p. 32). 
Kentville, near (Dawson, '78, p. 92). 
Moose river (Dawson, '78, p. 103). 
Petite river (Dawson, '52, p. 399. Dawson, 

'78, p. 89). 
Truro, near (Dawson, '47, p. 51). 
Walton, near (Dawson, '78, p. 88). 

In New .Jersey (Cook, '68, pp. 98, 173. Cook 
and Smock, '78, pp. 39, 40, 171. Macfar
lane, '79, p. 68. H. D. Rogers, '36, pp. 
144-145). 

Clinton, near (Darton, '90, p.l5). 
Milford, near (H. D. Rogers, '36, p. 147). 
Trenton, near (Conrad, '39). 

In Pennsylvania (Lesley, '83, pp.132, 197. H. 
D. Rogers, '39, pp. 17, 19. H. D. Rogers, 
'41, pp. 16, 39. H. D. Rogers, '58, vol.l, pp. 
92, 103. H. D. Rogers, '58, vol. 2, p. 668). 

Berks county (d'Invilliers, '83, p. 198). 
Emigsville, near (Fra7.er, '76, pp. 91-92). 
Harrisburg (Lesley, '64, p. 476). 
Lancaster county (Lesley. '85, p. lxiv). 
Montgomery county (C. E. Hill, '81, p. 22.) 
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Unconformity at base of the Newark-Continued . 
Neversink station, near (d'Invilliers, '83, 

pp. 221-222). 
Rockville (H. D. Rogers, '30, pp. 144-145). 
Valley Forge (H. D. Rogers, '58, vol. 1, p. 

151). 
Yardleyville (H. D. Rogers, '58, vol. 2, p. 

672). 
York county (Frazer, '75c). 

In Prince Edwards island (Bain, '87. Bain 
and Dawson, '85, pp. 155-156). 

Localities cited (Emmons, '52, p. 146). 
Mention of (Lyell, '66, p. 457). 

Unconformity at top of the Newark (Fontaine, '89, 
pp. 58-59. McGee, '88, 11p. 134-135). 

Unconformity of trap aml sandstone in New Jer· 
sey. Palisade trap sheet (Darton, '90, 
pp. 47, 48, 49, pl. 5). 

In Nova Scotia (Gesner, '36, p. 263). 

Umlenvood's iron mine n~ar J)illsburg, Pa. Brief 
account of (Frazer, '76d). 

Description of (cl'Invilliers, '86, pp.1507-1509). 
Report on (Frazer, '77, pp. 207-210). 

Union, Conn. Description of trap dikes in Pri 
mary rocks in (Percival, '42, p. 424). 

Union coal mine, Va. Notes on (Taylor, '35, p. 
284). 

Note on faults in (Taylor, '35, p. 292). 
Situated in an isolated basin (Heinrich, '78, p. 

232). 

Union county, S. C. Trap dikes in (Hammond, 
'84, pp. 466-497). 

Union grove, N. J. Dip in conglomerate near 
(Cook, '82, p. 29). 

Union hill, N. J. Bored well on (Ward, '79, p. 
132). 

Description of trap at (Darton, '90, p. 53). 
Dip of conglomerate at (Cook, '79, p. 30). 
Possible connection of trap rocks near (Dar· 

ton, '90, p. 39) . 
Stratified rocks beneath the trap at (Russell, 

'80, pp. 37-3?J-

Union station, Pa. Boundary of Newark near 
(Frazer, '80, p. 14). 

Union village, N. J. Boundary of Second moun
tain trap near (Cook, '68, p. 184). 

Copper ores ncar (Cook, '68, p. 678). 
Diverse clips near (Na!!on, '89, p. 18). 

Unionville, Pa. Trap dike near (Frazer, '84, p. 
693. Lewis, '85, p. 440). 

Unionville, S. C. Description of trap dikes near 
(Tuomey, '44, p. 12). 

University of North Carolina, N. C. Boundary of 
the Newark near (Mitchell, '42, pp. 36-
130). 

Upland, Pa. Trap dike near (Frazer. '84, p. 693· 
L ewis, '85, p. 446). 

Upper Dublin, Pa. Boundary of the Newark in 
(C. E. Hall, '81, p. 04-65). 

Upper Dublin township, Pa. Report on the geol
ogy of (C. E. Hall, '81, pp. 64-66). 

Upper Economy. N. S. Breadth of Newark near 
(Ells, '85, p. 49E). 

Upper 1\lilford, Pn. Boundary of the Newark 
are~ of Pennsylvanin. near (Lea, '58, p. 92). 

Upper Milford, Pa.-Continued. 
Discovery of fossil saurian bones in (Lea, '53: 

pp. 188, 195) 0 

Occurrence of conglomerate in (Lea, '53, p. 
190). 

Reptilian bones from (Lea, '51. pp. 171-172). 
Reptilian remains near (H. D. Rogers, '58, 

vol. 2,· pp. 692-693). 

Upper Merion township, Pa. Report on the geol
ogy of (C. E. Hall, '81, pp. 83-87). 

Upper Piermont, N. Y. .Junction of trap and 
sandstone near (Darton, '90, p. 48). 

Valley fields, N. C. Building stone near (Olm· 
stead, '27, p. 126). 

Valley Forge, Pa. Boundary of Newark near 
(Frazer, '83, p. 224. C. E. Hall, '81, pp. 
20, 83-84. Lesley, '83, pp. 183, 185, 191. 
H. D. Rogers, '58, vol. 2, pp. 668, 675-676). 

Contact of the Newark with Primal and Au
roral rocks near (H. D. Rogers, '58, vol. 2, 
p. 668). 

Dip at (Frazer, '83, p. 224). 
Map of boundary of the Newark near (Les

ley, '83, p. 177). 
Map of region about (H. D. Rogers, '58, vol. 

2, op. p. 674). 
Mention of Newark rocks near (Lesley, '83, p. 

27). 
Trap dikes near (Lesley, '83, pp. 195-196). 
Uneonformity at base of Newark near (Les· 

ley, '83, pp. 186-187, 188). 

Valley mountain, N. J. Description of (H. D. 
Rogers, '36, p. 154). 

VANDYCK, F. C. Determination of native iron 
in trap by (Cook, '74, p. 57). 

Van Derveer's mill, N. J. Boundary of Second 
mountain trap near (Cook, '08, p. 183). 

Dip near (Cook, '68, p. 198). 

V A.NUXEM, J,ARDNER. 1841. 
Report on the ornithicbnites or footmarks of 

extinct birds in theN ew Red sandstone of 
Massachusetts and Connecticut, observed 
by Prof. Hitchcock, of Amherst. 

See H. D. Rogers, I,. Vanuxem, R. C. Taylor, 
E. Emmons, and '.r. A. Conrad, 18±1. 

Van Winkler station, N. J. Conglomerate near 
(Darton, '90, p. 17). 

Vaughan's creek, N. B. Character of •rocks at 
(Matthew, '65, pp. 123-124). 

VENABLE, F. P. 1887. 
A~alysis of water from the artesian well, 

Durham, N.C. 
In Elisha Mitchell Sci. Soc . .Jour., 1887, pp. 

57-58. 
Gives depth of well at Durham, N.C., and -an 

analysis of the water obtained from it. 
Verdrieije hook, N. Y. Section of sandstone be

neath trap near (Mather, '43, pl. 5). 
Vermont. Denudation in, as indicated by trap 

dikes (Adams, '46, p. 100). 
Trap dikes in (Adams, '46, pp. 159-162). 

Vernon, Conn. Description of trap dikes in Pri
mary rocks near (Percival, '42, pp. 425-
426). 

Vernon valley, N.J. Dip in (Cook, '68, p. 196). 
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Verona, N.J. Boundary of First mountain trap 

near (Cook, '68, p. 182). 
Boundary of Second mountain trap at (Cook, 

'68, p. 183). 
Description of stone quarries near (Cook, '81, 

p. 52). 
Record of well bored at (Nason, '89b). 

VERRUL, .!. E. 1878. 
(Note on the geology of Grand Manan island, 

New Brunswick.] 
In Acadian Geology, 3d. ed., by J. W. Daw

son. Appendix E, pp. 679-680. 
Contains an account of the rocks composing 

Grand Manan island and the smaller 
islands about it, together with conjectures 
in reference to the age of the rocks. 

Vl:RRUL, A. E. Cited on overflow trap sheets 
on Grand Manan island (W. M. Davis, 
'83, p. 297). 

Vertebrate fossils from Connecticut. Description 
of (0. C. Marsh, '89). 

Remarks on discovery of (Newberry, '85). 
From Connecticut valley (Cope, '69). 
From Massachusetts (E. Hitchcock, '58, pp. 

186-187). 
From New Jersey (Cope, '68. Cope, 'G9). 
From North Carolina (Cope, '69). 

Descriptions of (Cope, '75. Cope, '87. Os
born, '86. Osborn, '86a. Osborn, '87. Os
born, '87a). 

Remarks on (Leidy, '69, p. 410). 
From Pennsylvania. Description of (Cope, 

'77. Cope, '87. Lea, '53. Leidy, '76). 
Discussion of (Cope, '66. Lea, '51. J,ea, 

'56.) 
List of (Cope, '85). 
Notice of (Harlan, '54).· 
Reclassification of (Cope, '70). 
Remarks on (Cope, '69. Lea, '57. Leidy, 

'57. Leidy, '60). 
See also fishes, fossil; footprints. 

Vincent, Pa. Trap dikes in (Lesley, '83, p. 211). 
Vincent's spur, Pa. Specimens of trap from (C. 

E. Hall, '78, p. 27). 
Virginia. Age of the Newark system of, dis

cussed (Lesquereux, '76, p. 283. Marcou, 
'58, pp. 11, 13-.16, 65). 

Remarks on (Newberry, '85). 
Age of theN ewa1·k system of, as indicated by 

fossil fishes (W. C. Redfield, '56, pp. 180-
181). 

Brief account of the coal fields of (Hotchkiss, 
'81, p. 120). 

Brief account of Newark areas in (Emmons, 
'57, p. 3. Fontaine, '79, pp. 236-239. E. 
Hitchcock, '56. W. B. Rogers, '79, p. 
180). 

Brief account of so-called copper mine at Elk 
Run,(Jackson, '59). 

Brief discussion of the Newark rocks of, in 
connection with other localities (W. B. 
Rogers, '54). 

Brief mention of Newark areas in (Kerr, '84, 
pp. 630, 631). 

Brief sketch of theN ewark in (H. D. Rogers, 
'58, vol. 2, pp. 759-765). 

VIrginia-Continued. 
Clover Hill coal basin, description of (Credner, 

'(i6). 

Coal deposits of, considered as shore deposits 
(Russell, '78, p. 254). 

Coal fields of (Macfarlane, '77). 
Coal in, brief review of (Chance, '85, pp. 18-19). 
Coal produced in 1880 (Hotchkiss, '82). 
Coal production in 1880 (Pierce, '86). 
Condensed account of New&rk rocks in (J.D. 

Dana, '75, p. 406). 
Conglomerate at the base <'f the Newark, 

brief account of (Emmons, '57, p. 21). 
Conglomerate in, remarks on (Cornelius, '18, 

p. 216). 
Coke from (W. B. Rogers, '42b). 

Analysis of (W. R. Johnson, '42). 
Coke from Richmond coal field (Coryell, '75). 

W. B. Rogers, '54a. W. B. Rogers, '54b. 
Wurtz, '75). 

Remarks on origin of (H. D. Rogers, '58, 
vol. 2, p. 764). 

Coke of Chesterfield county (Raymond, '83). 
Description and discussion of the Newark in 

(Fontaine, '79). 
Dip of the Newark in (W. B. Rogers, '42). 
Dips in (J. D. Dana, '75, p. 419). 
Discovery of a Posidonomaya in the south- . 

west of (W. B. Rogers, '55b). 
Fossil fish from Chesterfield county, mention 

of (De Kay, '42). 
Fossil fishes in the Richmond coal field, note 

ou (W. C. Redfield, '38a). 
Fossil plants from, description and illustra

tion of (Newberry, '88). 
Fossil plants from, description of (Bun bury, 

'47. Fontaine, '83. Heer, '57. W. B. 
Rogers, '43. Marcou, Zeiller). 

Remarks on (Stur, '88). 
Geographical and political summary of 

(Hotchkiss, '76). 
Geological map of a portion of (Benton, '86, 

pl. op. p. 261). 
List of railroad stations on the Newark sys

tem in (W. B. Rogers, '79, pp. 180-185). 
Mesozoic formation in (Heinrich, '78). 
Midlothian colliery (Heinrich, '73). 

Explosion in (Heinrich, '76). 
In 1876 (Heinrich, '76a). 

Newark areas in, defined (J.D. Dana, '75, pp. 
404, 405). 

Quarries of sandstone (G. P. Merrill, '89, p. 
461. Shaler, '84, p. 179). 

Quarries of trap rock in (Shaler, '84, p. 179). 
Report of progress of the geological survey 

of (W. B. Rogers, '37). 
Report of progress on the geology of (W. B. 

Rogers, '39). 
Report of progress of the geological survey 

of (W. B. Rogers, '40). 
Report on the geolojzy of (W. B. Rogers, '36). 
Richmond coal field, age of, discussed (Em

mons, '57b, pp. 79-80. Lyell, '57. W. B. 
Rogers, '42c. Stevens, '61. W. B. Rogers, 
'55a). 

Analysis of coal from (Clemson, '35. John-
son, '50. Williams, '85, p. 82). 
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Virginia-Continued. 
Richmond coal field, brief account of (Ash· 

burner, '87, pp. 352-35&. Clifford, '87. 
Coryell, '75. Daddow and Bannan, '66, pp. 
395-403. Emmons, '57, p. 11. Grammar, 
'18. Hotchkiss, '80. Hotchkiss, '83a. W. 
R.Johnson, '44, pp.308-451. W.R.John· 
son, '50, pp. 133-134. 155-156. Le Conte, 
'82, pp. 457-459. Lyell , '47. Lyell, '49, pp. 
279-288. Lyell, '54, p. 12. Lyell, '66, pp. 
451- 452. Maclure, '09, pp. 420-421. Nutt· 
all , '21, pp. 35-37. Pierce, '28, pp. 57-58. 
W.B.Rogers, '43b. Silliman, '42. Taylor, 
'48. Williams, '85, pp. 97-98). 

Character anrl value of (Macfarlane, '77, pp. 
505-515). 

Description of (Taylor, '35. Wooldridge, 
'42). 

Lignite from (W. B. Rogers , '55). 
Notes on (Marcou, '49). 
Production of coal in 1885 (Ashburner, '86, 

p. 69). 
Production of coal in 1887 (Ashburner, '88, 

p. 361). 
Structure of (Shaler, '77). 

Sections, Black Heath coal pits (Clifford, '87, 
pl. 4. Lyell, '47, p. 266). 

Carbon hill (Coryell, '75, p. 229. Heinrich, 
'78, pp. 260-261). 

Cascade, near (W. B. Rogers, 39, pp. 77-78). 
Chalk Level (W. B. Rogers, '39, p. 79). 
Clover Hill (Clifford, '87, pl. 2. Fontaine, 

'83, p. 9. Lyell, '47, p. 271). 
Cumberland county (W. B. Rogers, '39, p. 

80). 
Deep Run coal pits (Clifford, '87, pl. 5). 
Midlothian (Chance, '85, pp. 18-19, 22. Clif· 

ford, '87, pl. 3. Heinrich, '73, p. 347. 
Heinrich, '76, pl. 3. Heinrich, '78, pl. 6). 

Natural coke seams near (Raymond, '83). 
Newark of northern Virginia described (W. 

B. Rogers, '40, pp. 65-69). 
Reid's Bridge and Riceville, between (W. 

B. Rogers, '39, pp. 79-80). 
Riceville (W. B. Rogers, '39, p. 79). 
Richmond coal field (Emmons, '57, pp. 11-12. 

Daddow and Bannan, '66, pp. 396, 397, 399. 
Emmons, '56, p. 339. Heinrich, '78, pl. 6. 
Hotchkiss, '80. Le Conte, '82, p. 457. 
Lyell, '47, p. 263. Lyell, '49, p. 283. Lyell, 
'66, p . 451. W. B. Rogers, '36, pl. W. B. 
Rogers, '39, pl. 2. Rogers, '84, pls. 7-8. 
Taylor, '35, pl. 16. Taylor, '48, p. 47). 

Richmond coal :field. After Daddow (Le 
Conte, '84, p. 328). 

Richmond coal :field. After C. Lyell (W. M. 
Davis, '83, p. 281, pl. 9). 

Richmond coal field, description of (Hein · 
rich, '78, pp. 256-260, pl. 6). 

Summary of results relating to tbe Newark 
system of (J.D. Dana, '75, p. 406). 

Table of geological formations found in (W. 
B. Rogers, ' BOa). 

Trap (likes and local metamorphism in Prince 
William county (W. B. Rogers, '55c). 

Trap rocks in, brief account of (Emmons, '57, 
p.150). 

Virginia-Continued. 
Trap rocks, quarries of (Shaler, '84, p.179). 
Trap rocks from, composition of (Campbell 

and Frown, '90). 
Unconformity between the .Newark and Poto· 

mac (McGee, '88, p. 134). 

VOlll RA'l'H, G. 1877. 
Der Kalkspath von Bergen hill, N[ ew] Jersey. 
In Zeitschrif't fiir Krystallographie, vol.1, p. 6. 
Abstract in Neu Bs Jahrbucb, 1877, pp. 940-941. 
Describes crystallographically the calcite oc-

curring in druses in the diabase of Bergen 
hill, N. J. , with enumeration of forms ob
served. 

Vreeland's quarry, N. J. Dip of sandstone at 
(Cook, "79, p. 30). 

Thickness of trap at (Cook , '82, p. 55). 

Wadesb01·o, 8. C. Boundary of Newark area 
near (\V. R. Johuson , '51, p . 5). 

Breadth of Newark rocks near (Olmstead, '24, 
p. 12). 

Brief account of sandstone quarries at (G. P. 
Merrill, '80, p. 456). 

Dip of sandstone southeast of (Emmons, '56, 
p. 2~2). 

Notice of Newark rocks near (Mitchell, '29, 
map op. p . 1). 

Quarries of Newark sandstone at (Shaler, '84, 
pp. 181-182). 

Sandstone near (Kerr, '75, p. 304). 
Silicified trees near (Emmons, '56, p. 284). 

Wake county, N.C. An account of the Newark 
in (Mitchell, '42, pp. 130-134). 

Walcott, Conn. Description of trap dikes in Pri
mary rocks near (Percival, '42, pp. 415-416). 

WALLACE (Dr.) Analysis of natural coke from 
the Richmond coal field, Va. (Clifford, '87, 
p. 10). 

WALLING, H. F. 1878. 
Some i ndicatiooo of recent sensitiveness to 

unequal pressure in the earth's crust. 
In Am. Assoc. Adv. Sci., Proc., vol. 27, 1879, 

pp. 190-197, with 2 plates. 
Presents a detailed st.udy of dips about Mount 

Toby, Mass., in illustration of a hypothe
sis concerning the sensitiveness of the 
earth 's crust to pressure. Refers also to 
the dip of the sandstone in the neighbor
hood of trap sheets in New Jersey. 

Wallingford, Conn. Copper foumlnear (Silliman, 
'18). 

Description of the geology near (W. M. Davis, 
'83, pp. 266- 267). 

Description of trap ridges near (Percival, '42, 
pp. 401-4.03). 

Limestone associated with decomposed sand
stone near (Percival, '42, p. 436). 

Limestone west of (Percival, '42, pp. 316-317). 
Section at, after A . B. Chapin (W. M. Davis, 

'83, p. 28CI, pl. 9). 
Section from, to Mount Tom, Mass. (W. M. Da

vis, '83, pp. 305-307, pl.10). 
Sketch map of trap dikes at (W. M. Davis, '83, 

p. 309, pl.ll). 
Sketch of the geology of (C. H. S. Davis, '70). 
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Wallingford, Conn.-Continued. 

Topographic form of trap ridge near (Percival, 
'42, p. 304). 

Trap dikes at, description of (Chapin , '35). 
Trap ncar, character of (Percival, '42, p. 312). 
Trap ridges near (Percival, '42, pp. 348, 349, 362, 

366-367). 
Walnut brook, N.J. Dip along (Cook, 'G8, p.197). 
Walnut grove, N. C. Analysis of coal from near. 

See Clarke, '87, p. 146. 
Coal near (Williams, '85, p. 59). 

Waltt)n, N. S. Section at (Dawson, '78, p. 89). 
Unconformity at base of the Newark near 

(Dawson, '78, p. 88). 

WANNER, ATREUS. 1889. 
The discovery of fossil tracks, algre, etc., in 

the Triassic of York county, Pennsylva
nia. 

In Ann. Rep. Geol. Surv. of Pennsylvania for 
1887, pp. 21-35, including nine plates. 

Abstract in Am. Assoc. Adv. Sci., Proc., vol. 
37, p. 186. 

Records the discovery of fossil footprints, re
mains of pJ~nts, etc., near Goldsboro, and 
gives nine plates illustrating their occur
rence and characteristics. Some of the 
footprints illustrated in the plates accom
panying the paper have been identified by 
C. H. Hitchcock, Boston Soc. Nat. Hist., 
Proc., vol. 24, p. 123. 

WANNER, A. Cited on fossil footprints from 
Pennsylvania (C. H. Hitchcock, '88, p. 123). 

Wapping, Conn. Mention of the discovery of fos 
sil bones at (Percival, '42, lJ. 449). 

WARD, L. B. 1S19• 
Borefl wells in .Jersey City and vicinity. 
In [Annual Report on the Geology of New 

.Jersey for 1879], pp. 130-150. 
Describes localities of bored wells, together 

with some account of the strata passed 
through, and the volume and character of 
the water obtained. Many of the wells 
mentioned are in Newark rocks. 

WARD, LESTER F. 1885. 
Sketch of Paleobotany. 
In U. S. Geol. Surv., Fifth Ann. Rep. of the, 

pp. 357-452, pls. 56-58. 
The relative deYelopment of plant life in the 

.Jura-Trias formation is shown graphically 
on pl. 57. 

Ward island, P. E. I. Dip at (Dawson and Har
rington, '71, p. 15). 

Warehouse point, Conn. Mention of the occur
rence of shale near (Percival, '42, p. 444). 

Warminstet·, Va. Boundary of the Newark near 
(W. B. Rogers, '39, p. 74). 

Warminster, Pa. Trap fhko near (Lewis, '85, p. 
441). 

WARNER, R. Cited on the discovery of fossil 
footprints in the Connecticut valley (W. 
C. Redfield, '38, p. 202). 

WARREN, JOHN C. 1854-. 
. Remarks on some fossil impressions in the 

sandstone rocks of Connecticut river. 
Boston, pp. 1-54, pl. 1. 

WARREN, .fOHN C.-Continued. 
A )Jopular sketch of seyernl discoveries of 

fossil footprints in Europe and America, 
followed by a brief account of a number 
of genera and species described by Hitch
coek from footprints in the Connecticut 
valley sandstone. The 11apcrs reprinted 
in this book were read before the Boston 
Soc. Nat. llist., and were then illustrated 
by actnal specimens. A popular descrip
tion is g-iven of a slaiJ of sandstone bear
ing footprints from Greenfield, Mass. 

[WARRE:V, JOHN C.] 1855. 
[Remarks on impressions of insects and their 

tracks on the sandstone of the Connecticut 
valley.] 

In J3oston Soc. Nat. Hist., Proc., •ol. 5, p. 105. 
Brief remarks on supposed fossil insect tracks. 

[WARRI<~N, JOHN C.] 1855a. 
[Description of fossil impressions of raindrops 

in sandstone from Connecticut river val
ley.] 

In Boston Soc. Nat. Hi st., Proc., vol. 5, pp. 187-
188. 

WARREN, JOHN C. 1856. 
On new remarkable gigantic fossils and foot

marks. 
In Boston Soc. Nat. Hist., Proc., vol. 5, pp. 

298-307. 
Notes tho advance that has been made in 

Europe and tl1is country in the study of 
fossil footprints, and refers especially to 
two slabs of sandstone with footprh1ts 
from Greenfield, Mass. 

Warren, Ya. Detailed acconnt of contact meta
morphism near (W. B. Rogers, '39, pp. 82-
83). 

Warrenton, Ya. Boundary of Newark near (Hein
rich, '78, p. 235. W. B. Rogers, '40, p. 62). 

Conglomerate near (Fontaine, '79, p. 32). 
Detailed description of geology near (W. B. 

Rogers, '40, pp. 66-67). 
Warrenville, N. J. Boundary of Second moun

tam trap at (Cook, '68, p. 183). 
Contact of trap and sandstone near (Cook, '82, 

p. 51). 
Copper mine near (Cook, '74, p. 32). 
Fossil Estherians found near (Nason, '89, p. 

30) . 
Warwick, Pa. Iron mine near (H. D. Rogers, '39, 

p.22). 
Newark rocks of (Frazer, '83, pp. 234--235). 

Warwick furnace, Pa. Boundary of the Newark 
near (Lesley, '83, p.183). 

Newark resting on gneiss near (Lesley, '83, p. 
183). 

Trap near (Lesley, '83, p. 211). 
Warwick iron mine, Pa. Analysis of ore from 

(d'Invilliers, '83, pp. 324-325). 
Conglomerate in (d'Invilliers, '83, pp. 202, 387). 
Descliption of (H. D. Rogers, '58, vol. 2, p. 708). 
Description of trap dikes near (ll. D. Rogers, 

'58, vol. 2, p. 687). 
Detailed account of (d'Invilliers, '83, Jj>· 317-

327). 
Trap dikes at (Lesley, '83, p.l93). 



332 THE NEW ARK SYS'rEM. (BULL.85. 

Warwick iron mine, Pa.-Continued. 
Trap dikes in (Frazer, '83, pp. 237, 238). 
Trap rock in (H. D. Rogers, '58, vol. 2, p. 708). 

Warwick townslti}>, Pa. Report on the geology 
of (Frazer, '80, pp. 38-39). 

Washing-ton, D. C. :Fossil footprints in National 
Museum (C. H. Hitchcock, '88, p. 123). 

W:tshington rock, N. J. Elevation ~f First moun
tain at (Cook, '82, p. 49). 

WashingtOn's crossing, N. J. Fossil crustaceans 
fouml near (Nason, '8!), pp. 29-30). 

Fossil fishes found near (Nason, '89, p. 29). 
Small fault near (Nason, '89, p. 32). 

Washington valley, N. J. .Analysis of sandstone 
from (Cook, '68, p. 515). 

Bound>try of First mountain t.rap iu (Cook, 
'68, pp.181-182). 

Building stone in (Cook, '68, p. 509). 
Dip in (Cook, '68, p.196). 
Dip in sandstone at (Cook, '8Z, p. 24). 
Exceptional dip in (Nason, '8!), p. 18). 
Fossil fishes from (Cook, '79, p. 27. Nason, '89, 

p. 29). 
PlanL remains in quarries of (Naso11, "89, p. 27). 
Quarries in (Cook, '79, pp. 20-23. Cook, '81, pp. 

53-54. Shaler, '84, p. 143). 
Reopening of copper mines in (Cook, '81, p. 

39). 
Wasllingtonville, N.J. Boundaryo,fFirst moun

tain trap near (Cook, '68, p.182). 
Watchung mountain, N. J. Brief description of 

(Cook, '82, p. 48). 
Columnar trap of, at Orange (Cook, '84, pp. 

23-28). 
Coppe1 ore near (Cook, '83, pp.164--165). 
Course of (Cook, '82, p.19). 
Course of, described (Nasou, '8!), p. 34). 
Detailed description of (Darton, '90). 
Development of (Davis and Wood, '39, pp. 

378-380). 
Discussion of tl1C origin of (Nason, '90). 
Form of (Cook, '83, p. 25). 
Origin of, cliscnssed (Darton, '89). 
Paving stones from (Cook, '7!), p. 20). 
"Pipestem" amygdaloid of (Davis and Whit-

tle, '8!), -p. 134). 
Position of, in the Newark: system (Darton, 

'8!), p. 139). 
Section through (Cook, '83, p. 166, and plate). 
Trap rock quarried in (Cook, '81, p. 62). 
Trap rocks of (Cook, '79, p. 32). 
Uualterecl sandstoue uear (Cook, '83, p. 23). 
Vesicular trap of (Cook, '83, pp. 24-25). 

Waterloo colliery, Va. Analysis of coal from 
(Cliflord, '87, p. 10. Macfarlane, '77, p. 
515. Williams, '83, p. 82). 

Waugltaw, N.J. Trap outcrops ncar (Cook, '82, 
11- 55). 

Weaver's mills, Pa. Bormclary of the Newark 
near (Frazer, '80, pp. 15, 49). 

Weavertown, Pa. Bouudaryshale and sandstoue 
near (cl'Invilliers, '83, p. 214). 

Dip of conglomerate near (d'Invilliers, '83, p. 
215). 

Weehawken, N.J. .Alte):"ed sbale near (Cook, '83, 
p. 23). 

Boundaryoftrapoutcropat (Cook, '68, p.1'17). 

Weehawken, N. J.-Continued. 
Brief account of geology near (Cozzens, '43, 

p. 41). 
Description of arkose beneath trap at (Rus-

sell, '78, p. 237). 
Description of sandstone at (Cook, '68, p. 208). 
Dip at (Uook, '68, p. 195). 
Dip iu sandstone and shale at (Cook, '82, p. 

24). 
Dip in sandstone at (Cook, '79, p. 30). 
Exposm·e of shale near (Nason, '89, p. 17). 
Faults in trap ridge near (Nason, '89, p. 26). 
Fossil crustaceans found near (Nason, '89, pp. 

29, 30). 
Fossil fish and Esthena at (Britton, '85). 
Fossil fishes and footprints from (Gratacap, 

'86). 
Fossil fisbes found near (Nason, '89, p. 29). 

Descriptious and figures of (Newberry, '88). 
Intrusive trap at (Cook, '82, p. 45 and plate 4). 
Locality of fossil fishes and EstheTia at 

(Cook, '85, p. 95). 
Microscopical characters of trap rock from 

(G. P. Merrill, '84, p. 24, pl. 8). 
Mineral from the trap rock of (D. S. Martin, 

'71). 
Minerals found in the tunnel at (Dartou, '82). 
Quarriefl of trap rock at, mention of (G. P. 

Merrill, '89, p. 435). 
Quarries of trap rock near (Cook, '81, p. 60). 
Remarks on the origin of the color of the 

rocks ncar (Newberry, '88, p. 8). 
Section at, with notice of fossils (Russell, 

'80, p. 40). 
Section of palisades at, after I. C. Russell (W. 

M. Davis, '83, p. 281, pl. D). 
Section of trap ridge near (Darton, '90, p. 43). 
Section of trap and sandstone beneath at 

Dartou, '90, p. 46, pl. 5. Russell, '80, p. 
3!)). 

Section of trap sheet at (Darton, '90, p. 37). 
Section showing juuction of trap and saud, 

stone at (W. M. Davis, '83, p. 30!), pl. 11). 
Slate beueath trap at (.Akerly, '20, p. 37). 
Small trap sheets near (Darton, '90, p. 39). 
Thickness of trap at (Cook, '82, p. 46. Dar-

ton, '90, p. 44). 
\Vest contact of trap sheet near (Darton, '90, 

p. 52). 

Weideman's mill, Pa. Boundary of the Newark 
near (Frazer, '80, p. 42). 

Weigelstown, Pa. Reference to the geology near 
(Frazer, '77a, p. 497). 

Shale from (C. E. Hall, '78, p. 40). 

WELCH, A. Cited on the position of the Black 
Heath coal pits, Va. (Clifford, '87, p. 24, 
24, pl, 4). 

WELLS, [DAVID]. 1850. 
[On the age of the sandstone of Connecticut 

valley.] 
In Boston Soc. Nat. Hist., Proc., vol. 3, pp. 

339-341.. 
Claims that the reference of all tlJC stratified 

rocks of the Connecticut valley to one 
formation is based on insufficient data. 
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WELLS, D. A. 1851. 
On the distribution of manganese. 
In Am. Assoc. Adv. Sci., Proc., vol. 6, 1852, 

pp. 275-276. 
Contains a brief reference to the distribution 

of manganese in the Newark sandstone of 
the Connecticut valley. 

Connecticut valley. A reference to the distri
bution of manganese in the sandstone of 
(Wells, '51) 

WELLS, D. A. 1851a. 
On the origin of stratification. 
In Am. Assoc. Adv. Sci., Proc., vol. 6, 1852, 

pp. 297-299. 
Presents a brief account of the lithological 

a.nd stratigraphical characteristics of the 
Newark rocks of the Connecticut valley, 
p. 298). 

WELLS, DAVID A. 1806. 
New fossils from the sandstones of the Con

necticut valley. 
In Ann. Sci. Discov., 1856, pp. 316-317. 
Refers briefly to the discovery of a fossil fern 

at Mount Tom, Mass., by E. llitchcocJ..:, 
jr., and to fossil bones from t.he Newark 
rocks at Springfield, Mass. 

WELLS, DAVID A. 1861. 
Impressions of bones in the Mesozoic red 

sandstones [of Connecticut]. 
In Ann. Sci. Discov., 1861, p. 313. 
:Brief note on a cast of a fossil bone from Port. 

land, Conn., exhibited by Prof. Rogers 
before the :Boston Soc. Nat. Hist. 

WELLS, DAVID A. 1862. 
Discovery of a bone bed in the so-callecl New 

Red sandstone of the Atlantic states. 
In Ann. Sci. Discov., 1862, pp. 292-293. 
Refers to the discovery of fossil bones, teeth, 

etc., at Phrenixville, by C. M. Wheatley. 
WELLS, D. A. Cite(l on the age of the Newark 

system (W. C. Redfield, '51). 
1VEJJJ,S, DAVID A., a1Hl GIWRGE BLISS. 1850. 

Discovery of fossil remains in the valley &f 
the Connecticut. 

In Ann. Sci. Discov., 1850, p. 282. 
Records the :finding of fossil bones at South 

Hadley, Mass. 
·wen bored near Easton, Pa., record of (Lesley, 

'91). 
Wells bored in Connecticut, at New Haven (J. 

D. Dana, '83, p. 386. Hubbard, '89). 
In New Jersey (Cook, '82. Cook, '84, pp. 

132-137). 
Account of (Cook, '85, pp. 111-123). 
Records of (Nason, '89b). 

See also artesian wells. 
·wellsville, Pa. Analysis of iron ore from near 

(Frazer, '77, pp. 23:?r.-?.37). 
Catalogue of specimens ol trap, iron, ore., etc. 

from near (Frazer, '77, pp. 332-381). 
Explorations for ore near (Frazer, '77, pp. 229-

239). 
Mention of various rock specim~ns from near 

(C. E. Hall, '78, pp. 31-41). 
Section from near, to Franklintown (Frazer, 

'77, pp. 271-273, pl. op. p. 272)._ 

Welsh mountain, Pa. Trap dike in (Frazer, '80, 
p. 29). 

Welty's quarry, Pa. AnnJ.ysis of limestone from 
(McCreath, '81, pp. 79-80). 

WEI~TH, J. R. Cited on section at Carbon hill, 
Va. (Clifford, '87, p. 12). 

Wertsville, N.J. Description of trap sheet near 
(Darton, '90, p. 67). 

Section of trap sheet near (Darton, '90, p. 66). 
West Avon, Conn. Topographic form of trap 

ridge near (Percival, '42, p. 306). 
West Bloomfield, ~. J. Description of copper 

mine ncar (H. D. Rogers, -'40, p. 161). 
Dip in quarries near (H. D. Rogers, '40, p. 

130). 
West Chester, Pa. Brief account of geology near 

(Finch, '28). 
Trap dike near (Lewis, '85, p. 445). 

West Cocalico, Pa. :Boundary of Newark near 
(Frazer, '80, p. 14). 

West Cocalico townshi}l, Pn. Report on the geol
ogy of (Frazer, '80, pp. 42-43). 

West Couslwhockeu, Pa. Mention of trap dike 
near (C. E. IIall, '81, p. 84). 

West Donegal township, Pa. Report on the ge
ology of (Frazer, '80, pp. 35-36). 

West End station, N.J. .Boundary of trap out
crop at (Cook, '68, p. 177). 

Westersfieltl cove, Conn. Description of fossil 
footprints from (C. H. Hitchcock, '88, pp. 
125- 126). 

List of fossil footprints from (C. H. Hitch
cock, '88, pp. 121-122). 

Wcstfiel(l, Conn. :Brief account of shale at (E. 
Hitchcock, '35, p. 217). 

:Building slone quarried at (E. Hitchcock, '41, 
p.180). 

Copper ore from (Silliman, '21, pp. 221-222). 
Dip and strike of rocks in (E. Hitchcock, '41, 

p. 448). 
Dips in (Walling, '78, p. 192). 
Dip of the lower beds of the Newark system 

in (E. Hitchcock, '35, p. 223). 
Dip of Newark system near (E. Hitchcock, '35, 

p. 223). 
Dip of sandstone in (E. Hitchcock, '41, p. 447). 
Footprints from (Adams, '46a. E. Hitchcock, 

'37b. D. Marsh, '48, p. 272). 
Fossil fishes from (Silliman, '21, pp. 221-222). 

:Brief acconnt of (E. Hitchcock, '23, vol. 6, 
pp. 76-79). 

Description of (W. C. Recl:field, '41). 
Description of locality at (Anonymous, '38). 
Descriptions ancl figures of (Newberry, '88). 
List of (De Kay, '42). 
Mention of (Percival, '42, pp. 442, 446). 
Reference to a locality for (J. H. Redfield, 

'36). 
Gypsum at (E. Hitchcock, '35, pp. 54, 213). 
Trap ridges near (Davis and Whittle, '89, pp .. 

107-110). 
West Goshen, Pa. Mention of a trap dike in (Fra

zer, '84, p. 693). 
Trap dike near (Lewis, '85, p. 445). 
Trap in (Frazer, '83, p. 292). 

West Hartford, Conn. Description of trap ridges 
;near (Percival, '42, pp. 384-385). 
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West Haven, Conn. Description of scenery near 
(E. Hitchcock, '23, vol. 7, p. 4). 

Westlake's quarry, N. J. Section in (Darton, '90, 
p. 57). 

West Marlboro, P:t. Mention of a trap dike iu 
(Frazer, '84, p. 603). 

West mountain, Conn. Elevation of (.T. D. Dana, 
'75a, p. 498). 

West Nantmeal, Pa. Trap dikes in (Frazer, '83, 
p. 255. Lesley, '83, p. 211). 

West New York, N.J. Quarries of trap rock at, 
mention of (G. P. Merrill, '89, p. 435). 

Weston mill, N.J. Sandstone quarry at (Cook, 
'79, p. 23). 

West Omuge, N.J. Sandstone quarries at (Cook, 
'79, p. 23. Shaler, '84, pp. 142-143). 

West Paterson, N. J. Thickness of Watchung 
trap sheet at (Darton, '90, p. 22). 

West 11enk, Conn. Detailetl study of the geologi
cal structure near (W. M. Davis, '89). 

lleight of (Chapin, '91). 
West Qnaco, N. B. Brief account of the geology 

near (Whittle, '91). 
West river mountain, lllass. Description of 

scenery near (E. Hitchcock, '23, vol. 7, pp. 
2-3, 11-12). 

West rock, Conn. Account of (Davis and Whit
tle, '89, p. 105). 

Analysis of trap of (E. S. Dana, '77. .r. D. 
Dana, '73, vol. 6, 11. 106. Frazer, '75a, p. 
404. Hawes, '75. Hawes, '82, p. 132). 

Brief account of trap at (E. llitchcock, '23, 
vol. 6, 11p. 45, 50). 

Contact metamorphism at (Percival, '42, Pl1. 
319, 436, 437). 

Contact phenomena at (Perchral, '42, pp. 420-
430). 

Critical study of (.T. D. Dana, '91). 
Denudation near (Whelpley, '45, p. 63). 
Description of (Silliman, '20a, pp. 202-203). 
Description of trap ridges near (Percival, '42, 

pp. 305-399). 
Formrd by an intrusive trap sheet (W . • M. 

Davis, '88, p. 463). 
Garnets in the trap rock of (E. S. Dana, '77). 
General account of (Sillimm1, '10, pp. 93-05). 
Geology and mineralogy of (Silliman, '14). 
Lamination of the trap of (Lesley, '56, p.162). 
Observations on the origin of (Davis and 

Whittle, '89, pp. 117-118). 
Origin of form of (Whelpley, '45, p. 64). 
Petrography of, reference to (Davis and Whit-

tle, '89, pp. 116, 117). 
Qnarries of trap rock at (Shaler, '84, p. 127). 
Reference to form of (Whelpley, '45, p. 63). 
Reference to origin of (Hovey, '89, p. 376). 
Structure connected with (Percival, '42, p. 438). 
Topographic form of trap ridge near (Perci-

val, '42, p. 306). 
Trap dikes near (Percival, '42, p. 309). 
Trap of (E. S. Dana, '75). 

lVe~t rock 1·ange, Conn. Evidence of deforma
tion furnished by (W. M. Davis, '86, p. 
344). 

West's millf;, N.J. Dip near (Cook, '68, p.197). 

West Springflel<l, 11Iass. Bituminous limestone in 
(E. Hitchcock, '41, p. 444). 

Brief reference to sandstone at (E. Hitchcock, 
'35, p. 216). 

Building stone quarried at (E. Hitchcock, '41, 
p. 180). 

Coal found in (E. Hitchcock, '41, pp. 139-142). 
Coal in (E. Hitchcock, '35, pp. 231-232). 
Contact metamorphism at (E. Hitchcock, '35 

p. 425). 
Contact of trap and limestone at (E. Hitch

cock, '41, p. 659). 
Description of the geology near (W. M. DaviR, 

'83, pp. 263-264). 
Dip and strike in (E. Hitchcock, '41, p. 448). 
Dip and strike near (W. M. Davis, '83, p. 264). 
Dip near (E. Hitchcock, '35, p. 223). 
Fossil :fishes founcl at (E. Hitchcock, '35, p. 

238, pl. H in atlas. E. Hitchcock, '41, p. 
458). 

Fossil fishes from, remarks on (Harlan, '34, pp. 
92-94). 

Fossils found in, account of (E. Hitchcock, !35, 
pp. 239-243, pl. 12 in atlas). 

Galena and blonde note(l at (E. Hitchcock, '35, 
p. 232). 

Galena and other minerals obtained near (E. 
llitchcock, '41, p. 448). 

Gray sandstone in (E. Hitchcock, '41, pp. 442-
443). 

Gypsum at, reference to occurrence of (E. 
Hitchcock, '35, pp. 54, 213). 

Indistinct fossils from (E. Hitchcock, '41, p. 
461). 

Limestone in (E. Hitchcock, '35, p. 218). 
Obscure fossils foun(l at (E. Hitchcock, '41, 

p. 463). 
Plant iii\l_)ressions observed in (E. ]'[itchcock, 

'41, p. 450). 
Remarks on trap tuff or tufaceous conglomer

ate at (E. Hitchcock, '44e, p. 7). 
Section at, showing trap and sall(lstonc (W: 

M. Davis, '83, pp. 305-307, pl. 10). 
Trap rock of (E. Hitchcock, '41, J1p. 641-643). 
Variegated conglomerate at (E. Hitchcock, '35, 

}1. 216). 

West Sufliehl, Conn. Trap ridges near, descrip
tion of (Percival, '42, p.il93). 

West Town, Pa. Trap in (Fmzer, '8:J, p. 298). 

Wes"fi Vincent, Pa. Bonndary of Nt·wark uPar 
(Lesley, '83, pp. 185, 191). 

Wethersfield, Conn. Footpri11ts at, early tliscov
ery of (E. llitchcock, '36, p. 309). 

Footprints from, description of (E. Hitchcock, 
'41, pp. 478-501. E. Hitchcock, '48. E. 
Hitchcock, '58). 

Footprints in, localities of (E. Hitchcock, '41, 
p. 466). 

Fossil fish at, mention of (Percivnl, '42, Jl. -142). 
Fossil plants from (E. Hitchcock, '41, p. 451). 
Indistinct. fossils from (E. Hitchcoek, 'll, p. 

461). 
Raindrop impressions found at (E. Hitchcock, 

'41, pp. 501-503, pl. 49). 
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Whately, nlass. Conglomerate in (E. Hitchcock, 
'35, p. 214). 

Occurrence of native copper at (E. Hitchcock, 
'44b). 

Wbmtttlehl mine, Pa. Conglomerate in (cl'Invil
liers, '83, p. 202). 

Detailed aecount of (rl'Invilliers, '83, pp. 344-
350). 

WHEATLEY, CHARLES ni. 1861. 
Remarks on the Mesozoic red sandstone of the 

Atlantic slope, and notice of the discovery 
of a bone bed therein, at Phamixville, Pa. 

In Am . .Jour. Sci., 2cl ser., vol. 32, Pll· 41-48. 
Discusses briefly the question of the geological 

position of the strata referred to in the 
title; describes the section ex posed in a 
tunnel near Phronixvllle, Prt., and gin·s a 
list with rtnnotations of the fossil bones, 
plants, etc., fouml at the same locality. 

Republished in .Jones, '62, pp. 93-95, with ad
clitions. 

WHEATLEY, C. ni. 186la. 
Interesting discoveries of saurian and other 

fossil remains in the Red sandstone of east
ern Pennsylvania. 

In Am . .Jour. Sci., 2cl ser., vol. 31, p. 301. 
Abstract in Neucs .Jahrbuch, 1863, pp.122-123. 
Tiecords the finding of fossil bones ancl fossil 

plants at Phronixville, Pa., and identified 
some of the fossils. 

WHEATLEY, C. ni. 1865. 
[Lithographs of fossil saurian uones from 

Phamixville, Pa.] 
In Am. Philo. Soc., Proc., vol. 9, pp. 4-5. 
Brief mention that the lithographs referred 

to were exhibiterl to the society. 
WHEATJ,EY, CJIAH.LES M. 1811. 

Notice of the discovery of a cave in eastern 
Pennsylvania containing remains of post
Pliocene fossils, including those of masto
don, tapir, megalonyx, mylodon, etc. 

In Am . .Jour. Sci., 3d ser., vol. 1, pp. 235-- 237, 
384-385. 

Describes the contents of a cave at the junc
tion of Auroral limestone wtfili the New
ark system near Port Kennedy, ra., pp. 
235-237). 

WHEATLEY, C. ni. Cited on discovery of fossil 
bones at Phronixville, Pa. (Wells, '62). 

Cited on fossil crt~staceans from the Newark 
Aystem (.Jones, '62, p. 85). 

Cited (at length) on fossHs collected at Phre
nixvillc, N.C. (.Jones, '62, pp. 93-97). 

Description of fossil Estherim collected by 
(.Jones, '62, pp. 123-126). 

Fossil bones collected by (Cope, '87, p. 209). 
Whe:ttlcy mine, Pa. Mention of (H. D. Rogers, 

'58, vol. 2, p. 763). 
Red shale at (Lesley, '83, p. 202). 
Trap dikes in (H. D. Rogers, '58, vol. 2, pp. 

702-703). 

WHELPLEY, J. D. 1845. 
[Trap aml sandstone of the Connecticut val

ley; theory of their relation.] 
In A.m. Assoc. Geol. and Nat., Proc., 6th meet

ing, pp. 61-64, 

WHELPLEY, J. D.-Continued. 
Discusses the crescentic figures of the trap 

ridges of the Connecticut valley. Con
siders that the Connecticut valley sand
stone was deposited in its present inclined 
position. 

WIIEJ;PLEY, J. D. Cited on contact metamor
phism in New .Jersey (W. M. Davis, '83, 
p. 301). 

WIII'l'E, CIIARLES A. 1889. 
The North American Mesozoic. 
In Am. Assoc. Adv. Sci., Proc., vol. 38, pp. 

205-226. 
Discusses briefly the evidence bearing on the 

age of the Newark system, aml its rela
tion to associated terranes, pp. 205-207, 
208. 

WHITFIELD, J. E. Analysis of coal from North 
Carolina by. See Clarke, '87, p. 146. 

WHITFIELD, ROBERT P. 1885. 
Brachiopoda andlamellibranchiata of the Rar

itan clays and green sand marls of New 
.Jersey. 

Monograph of the United States Geological 
Survey, No.9. 

Washington (Interior Dept .. ), 4to, pp. i - xx, 
1-269, pls. 1-35, and a map. 

Published also by the geological survey of 
New .Jersey. 

Trenton, 1886, vol. 1, 4to pages, etc., same as 
above. 

Accompanied by a geological map of New 
.Jersey. 

Whitehall, N. J. Conglomerate composed of 
gneissic pebbles near (Nason, '89, p. 21). 

Footprints at (Cook, '79, p. 28. Cook, '85, pp. 
95- 96. Nason, '89, p. 28). 

Footprints from, description of (C. H. Hitch
cock, '88, pp. 124-125). 

Footprints found at, list of (C. H. Hitchcock, 
'88, p. 122). 

Isolated trap hill near (Nason, '89, p. 37). 
WhiteheMl's <lock, N. J. Indurated shale at 

(Cook, 'R2, p. 59). 
White llouse, N.J. Dip in shale near (Cook, '79, 

p. 30). 
Dip in shale anrl sandstone uear (Cook, '82, p. 

29). 
Dip near (Cook, '68, p. 198). 
Dip of sandstone altered by trap intrusion 

near (H. D. Rogers, '36, ll- 154). 
Faults near (Cook, '79, p. 33. Cook, '82, :p. 

16). 
Trap rock near, exposure of (Cook, '82, p. 64). 

Whitehouse, Pa. Trap dike ncar, mention of 
(Frazer, '84, p. 693). 

Wllite House Station, N. J. Boundary of trap nea:.r 
(Cook, '68, p. 193). 

White niarsh township, Pa. Report on the geol
ogy of (C. E. Hall, '81, pp. 74-83). 

WIIITNEY [J. D.]. 184H. 
[Observations on the probable origin of s,,. 

called fossil raindrop impressions on sand. 
stone.] 

See Desor and Whitney, 1849. 



336 THE NEW ARK SYSTEM. [BULL.85. 

WHITNEY, J. D. 1855. 
Notice of the geological position ancl charac

ter of the copper mine at Bristol, Conn. 
See Silliman, jr., and Whituey, 1855. 

WHITNEY, J. D. 1860. 
On the stratigraphical position of the sand

stones of the Connecticut river valley. 
In Ann. Sci. Discov., 1860, p. 322. 
Abstract of a communication to the Am. As

soc. Adv. Sci. at the Springfield, Mass., 
meeting, 1859, in which the origin of the 
clip of the Connecticut valley sandstone 
was discussed. Reasons were advanced 
to prove that the sandstone was deposited 
in its present inclined positwn. This 
view was clissentecl from by C. H. Hitch 
cock. 

Wltitueyville, Conn. Description of trap ridges 
near (Perci~al, '42, pp. 396-397). 

White Oak, Pa. Exposure of altered schist near. 
See Frazer, '82, p. 121. 

White Oak mountains, Va. Boundary of Newark 
near (Heinrich, '78, p. 238. W. B. Rogers, 
'39, p. '75). 

Description of (W. B. Rogers, '39, p. 79). 
Dip near (W. B. Rogers, '39, p. 80). 

Whitestown, Pa. .Boundary of the Newark ncar. 
See :Frazer, '82, p. 123. 

Iron ore associated with trap near (H. D. 
Rogers, '58, vol. 2, p. 690). 

Trap dikes near (H. D. Hogers, '58, vol. 2, p. 
690). 

Whitmore's ferry, lUass. Character of rock at (E. 
Hitchcock, '41, p. 447). 

Coal at (E. Hitchcock, '35, p. 231). 
Coal found near (E. Hitchcock, '41, p. 139). 
Conglomerate at (E. Hitchcock, '35, p. 221). 
Dip and strike of rocks at (E. IIitchcock '41 

p. 448). ' ' 

Fossil fishes founcl in, an account of (E. 
Hitchcock, '41, p. 458). 

WHITTLE, CHARLES LIVY. 1889. 
The intrusive and extrusive Triassic trap 

sheets of the Connecticut valley. 
See Davis and ·whittle, 1889. 

WHITTLE, CHARLES UVY. 18!11. 
The beach phenomena at Quaco, N. B. 
In Am. Geol., vol. 7, pp. 183- 187. 
Contains a brief account of the geolog,y at the 
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Conglomerate and sandstone from near (C. E. 
Hall, '78, pp. 17,40). 
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Dip of shale and conglomerate near (Frazer, 
'76, p. 92). 

List of fossil footprints from (C. H. Hitch
cock, '88, p. 123). 
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vol. 2, p. 677). 
Trap quarries at, mention of (G. P. Merrill, 

'89,"p. 436). 
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LETTER OF TRANSMITTAL. 

DEPARTMENT OF THE INTERIOR, 
U.S. GEOLOGICAL SURVEY, 

DIVISION OF GEOLOGIC CORRELATION, 
Wctshington, D. 0., January 30, 1892. 

SIR: I have the honor to transmit herewith a memoir by Prof. C. R. 
Van Rise on the Archean and Algonkian of North America, prepared 
for publication as a bulletin. 

The Division of Geologic Correlation was created for the purpose of 
summarizing existing knowledge with reference to the geologic forma
tions of North America, and especially of the U nitecl States; of dis
cussing the correlation of formations found in differmit parts of the 
country with one another and with formations in other countries; and 
of discussing the principles of geologic correlation in the light of Amer
ican phenomena. The formations of each geologic period were assigned 
to some student already well acquainted with them, and it was ar
ranged that he should expand his knowledge by study of the literature 
and by field examination of classic localities, and embody his results in . 
an essay. The general plan of the work has been set forth on page 16 
of the Ninth Annual Report of the Survey, and on pages 108 to 113 of 
the Tenth Annual Report, as well as in a letter of transmittal of Bul
letin No. 80. 

The present essay is the seventh of the series, having been preceded 
by essays on the Carboniferous and Devonian, the Cambrian, the Cre
taceous, the Eocene, the Neocene, and the Newark systems; prepared 
severally by Messrs. Williams, Walcott, vVhite, Clark, Dall and Harris, 
and Russell, and constituting Bulletins 80, 81, 82, 83, 84, and 85. 

The voluminous literature of the pre-Cambrian rocks of North Amer
ica, is abstracted in a thorough manner, being classified for this purpose 
primarily by geographic districts and secondarily by dates. The di
vision of the rocks into two great classes, the Archean and Algonkian, 
taxonomically coordinate with the periods under which the fossil
iferous clastic rocks are classified, is then advocated and set forth at 
length. As these rocks do not contain faunas available for purposes of 
correlation, their classification, both major and minor, is necessarily 
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12 LETTER OF TRANSMITTAL. 

based on physical characters and relations, and much attention is 
therefore given to the discussion of the possibilities and limitations of 
correlation by means of physical data. It is concluded that with pres
ent information the correlation of pre-Cambrian series and formations 
of different geologic provinces is impracticable. 

Very respectfully, your obedient servant, 

Ilon .. T. \V. POWELL, 

D-irector U. S. Geological Survey. 

G. K. GILBERT, 

Geologist in charge. 



OUTLINE OF THIS PAPER. 
This book is a review of the present state of knowledge of the general structure of 

the pre-Cambrian rocks of the United Sta,tes and Ca,nada,. The ma,terial conta,ined 
in the historical chapters is of two kinds: Summaries of all articles pertaining to the 
subject considered, and summaries of the conclusions which appear to be established. 
The :first represents the substance of the literature; the second brings together the 
important ascertained structural facts, and oftentimes becomes a more or less extended 
discussion. The final chapter covers the same grounds as the historical chapters for 
the various pre-Cambrian general successions propof>ed by different authors, and also 
contains a discussion of results and the principles upon which they are based. Within 
the chapters, individual districts or regions are given separate sections, and the sum
mary of literature for each is arranged in chronological order. As used in this vol
ume, the term Ca,mbrian is defined as delimited below by the base of the Olenellus 
fauna; Algonkian includes the pre-Olenellus clastics and their equivalent crystal
lines; while the Archean includes the completely crystalline rocks below the Al
gonkian. 

The several chapters have the following scopes: Chapter I: The Original Lauren
tian and Huronian areas-treats of eastern Ontario and western Que bee, and tho area 
from the north channel of lake Huron to lake Temiscamang. Chapter II: Lake 
Superior Region-summarizes the work of the official geologists of the Canadian 
Survey and associates, of the early United States geologists and associates, of the 
Michigan geologists a,nd associa,tes, of the Wisconsin geologists and associates, of 
the Minnesota geologists and associates, of the later United States geologists and 
associates, and gives a summary and discussion of results. Chapter III: The Great 
Northern Area-treats of the region about Hudson bay, northern Canada, and the 
lower St. Lawrence river region. Chapter IV: EasternCanadaandNewfoundland
treats of the Eastern townships, Gaspe peninsula, central New Brunswick, southern 
New Brunswick, Nova Scotia a,nd cape Breton, and Newfoundland. Chapter V: 
Isolated Areas of Dakota, Missouri and Texas-treats of the Black bills, the pre
Cambrian of Missouri, and the central Mineral region of Texas. Chapter VI: The 
Cordilleras-treats of the many mountain ranges in the far west. Chapter VII: 
Eastern United States-treats of the New England, Middle Atlantic, and Southern 
Atlantic states. Chapter VIII: General Successions and Discussions of'Prineiples
summarizes t,he various general successions proposed, suggests one, and discusses the 
principles of pre-Cambrian stratigraphy. 

The more important conclusions of this chapter are as follows: The Archean is the 
basal complex of America. It bas everywhere, if large areas are considered, an 
essential likeness. It consists mainly of granitic, gneissic and schistic rocks, among 
which are never found beds of quartzite, limestone, or· any other indubitable clastics. 
One kind of rock may occupy considerable areas, but when different kinds are asso
Clated their structural relations ·are most intricate. These relations, as well as the 
l.lOmpletely crystalline schistose character of the rocks, the frequent broken and dis
torted forms of the mineral constituents, and their involuted foldings, are evidence 
that these most ancient rocks have passed through repeated powerful dynamic move
ments. 

As to the origin of the Archean rocks, three different views are proposed: (1) They 
may be considered as metamorphosed detrital rocks. (2) They may be considered as 
igneous and later in origin than certain of the pre-Cambrian clastics. (3) They may 
be considered as igneous and representing either a part of the earth's original crust 
or else originally crystallized material which has now reached the surface as a conse-
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quence of inward crystallization and subsequent deep denudation. The Archean 
rocks have no limit below, but are limited above by the Algonkian. While structural 
methods have been applied to the Archean rocks, they have not thus far been suc
cessful, and the only subdivisions which are at present applicable are those of a 
lithological character. 

In various parts of North America are one or more series of clastic rocks between 
the Archean and Cambrian. These occur in the Original Laurentia,n area, the Orig
inal Huronian area, in the lake Superior region, in the region about Hudson bay, in 
the Eastern townships, in southern New Brunswick, in Nova Scotia and cape Breton, 
in Newfoundland, in the Black hills, in Missouri, in 'l'exas, in many ranges of the 
Cordilleras, in the Grand canyon of the Colorado, in British Columbia, in the Adi
rondacks, and in other areas. Within these rocks, in many localities, are evidences 
of abundant life, and in a few places are definitely recognized fossils. The U. S. 
Geological Survey, recognizing that it is too early to classify the great thicknesses 
of rocks between the Archean and the Cambrian in North America into systems co
ordinate in value with those of the subdivHions of the Paleozoic, has proposed the 
term Algonkian for the whole. The Algonkian system is then delimited below by 
the Archean and above by the Cambrian. 

In many regions it is easy to differentiate the Algonkian from other rocks. This 
is especially true where they are separated from them by unconformities. In other 
regions it is difficult to separate them from the Archean and Cambrian rocks, as 
there sometimes appear to be gradations between them. In this respect the Algon
kian system is in no way different from others. 

Algonkian stratigraphy is more difficult than post-Algonkian stratigraphy; be
cause the further back we go in the history of the world for any given region the 
more numerous and frequent have been the changes through which any given rock 
stratum has passed; and because as yet fossils have not been found in sufficient 
quantity to be of any assistance in stratigraphy. However, in many regions it has 
been possible to subdivide the Algonkian rocks into series and these series into for
mations. In different regions these formations and series differ widely in the degree 
of crystallization, in their lithological character, and in their order of succession. 
In this respect Algonkian rocks are not different from those of post-Algonkian age. 
Considering the continent as a whole, age is no guide to the chemical or mineral com
position, texture, color, degree of crystallization, or any other property of a forma
tion, or vice versa, although in a given district or region any one of them may be
come important guides in stratigraphy. 

In certain regions it has been found possible to correlate series with a great de
gree of probability and in some cases formations which occur in different districts. 
In regions separated from each other by great distances, and which therefore may 
have had different physical conditions at the same period, it is not yet possible to 
make safe correlations of subdivisions of the Algonkian of America. If this con
clusion be correct, it is evident that the application of such American terms as 
Keweenawan, Huronian, etc., to European rocks is not warranted. In working out 
the geology of a region, local names should be applied to formations and series. 
Later, with fuller knowledge, these may perhaps be correlated with series to which 
classical names have been applied. 

Physical methods of correlation being the only ones at present available, it becomes 
necessary to closely scrutinize these methods, estimate their relative value, and poiut 
out the services that each may be expected to perform. Of these methods uncon
formity must be given the foremost place for major divisions within a region. 
Unconformity may be established by any one of the following phenomena, or by a 
combination of two or more of them: (1) Ordinary discordance of bedding; (2) differ. 
ence in the number of dynamic movements to which the series have been subjected; 
(3) discordance of bedding of upper series and foliation of lower; ( 4) relations with 
ernptives; (5) difference in degree of crystallization; (6) basal conglomerates; (7) 
general field relations. 



PREFACE. 

In the preparation of this book great difficulty has been encountered 
because of the unequal value of statements of fact by different men. 
Oftentimes in regions with which the writer is not familiar it is impossible 
to discriminate surely between good and poor work. In certain cases 
in which reports have read plausibly, an examination of the purported 
facts in the field with the accounts in hand has shown the descriptive 
parts to be so inaccurate as to render the conclusions, while apparently 
well founded, wholly valueless. But in general, when an author of this 
class has written much, discrepancies between the statements of facts 
appear. 

Those who change their opinions a.re of different classes. A man who 
progresses must change his views, but the descriptive parts, given 
while an old view was held, ought to be still more useful for support of 
the new position. The old view may have contained a large element of 
truth, and is perhaps included in the newer, larger position. In reports 
the part that purports to be facts should be wholly separable from 
the general theories held, just as detailed maps, if rightly constructed, 
indicate the observations made and the generalizations drawn. More 
frequently than not, facts and theories are so inextricably mingled 
that no independent judgment can be reached as to the correctness 
of the conclusions, and often the facts of a report can not be used even 
by one personally familiar with the districts of which the report treats. 
The conclusions of another class of geologists are a series of guesses, 
which generally serve no purpose except that when any one of the 
numerous guesses has been established by the patient work of an inves
tigator, the conclusion is at once claimed as a prior discovery of the 
guesser. Sometimes the discoveries announced by a writer almost or 
quite simultaneously, are wholly inconsistent with one another and 
with the facts which are described; for as with other men, so with 
geologists, many opinions are held at the same time which logically 
are exclusive of one another. Still another group of writers early 
reach a general theory as to the definite order of the evolution of the 
world. A person of this group year after year repeats the old state
ments and conclusions without any reference to the establishment of 
their falsity. More often than not, he is one who has done little or 
no systematic detailed field work in any region. All facts and conclu
sions which bear in his direction are hailed as discoveries; " all is grist 
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which comes to his mill;" while every ad verse fact or conclusion is ex
plained out of existence or dismissed as unworthy of consideration. 

By following continuously the summaries of the writings of a geolo
gist who has been long at work in a regiou it will generally not be diili
cult to get a fairly accurate idea of the value of the work done. 

During the preparation of this review, I have visited many districts 
of North America, but I have uot been able to see important districts 
which I hoped to study before the submission of this volume. With 
the United States side of the lake Superior couutry I am tolerably 
familiar, having for a number of years given ueal'ly the full field seasons 
to work in various parts of this region. Besides doing general work, 
I have mapped in detail certain districts. From time to time various 
parts of the Canadian lake Superior region have been visited. While 
no systematic mapping work has been done in regions other than that 
of lake Superior, reconnaissances and occasional detailed sections have 
been made in many. In the far West these include the Black hills of 
Dakota, southwestern Montana, the Laramie and Medicine Bow moun
tains of Wyoming; the Uinta and Wasatch mountains of Utah; and the 
Quartzite mountains and Front range of Colorado. In the Mississippi 
valley the crystalline region of Missouri has been seen. In company 
with Raphael Pumpelly, Bailey Willis, J. A. Holmes, C. D. Walcott, G. H. 
Williams, R. W. Ells, or alone, more or less extended trips have been 
made iu Georgia, east Tennessee, North Carolina, eastern Maryland, east
ern Pennsylvania, northern New Jersey, southern New York, the Berk
shire hills, Green mountains, Adirondacks, Hastings district of Ontario, 
and the area of the Grenville series constituting the Original Laurentian. 
For the most part this work has not been of such a detailed nature as 
to add greatly to previous knowledge of these regions. The aim has 
been rather to get such a familiarity with them as would enable the 
writer to judge accurately of the re::mlts already reached. This state
ment does not apply to a part of the Adirondacks, where a somewhat 
closer study was made; also, iu North Carolina a nearly c.omplete sec· 
tion was made from the eastern side of the Piedmont plain through the 
Blue ridge to the uncrystalline rocks of east Tennessee. The Original 
Huronian area has been seen at three different times. The :first time, 
in company with the late Dr. R. D. Irving, the North channel was 
coasted in a small boat and the interior visited, so that all of Logan's 
members of this series were seen, as well as the underlying Lanreutia11. 
In a second trip, also in company with Prof. Irving, tla~ Canadian Pa
cific railroad was traversed twice on a band car from AJgoma Mills to 
Sudbury, a distance of 100 miles. The third trip, with Prof. Raphael 
Pumpelly, was again along the North channel of lake Huron, the object 
of special study being the possible existence of two series within the 
Hnronian~ and the structural relations between the lowest Huronian 
an<l the Laurentian. 
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The labor involved in a,bstracting the pre-Cambrian literature of 
North America has been great. This is shown by the large number of 
books and articles actually summarized. These, however, give an im
perfect idea of the volume of literature covered; for very numerous 
articles have been examined which repeat what had already been sum
marized from other papers. Also a vast amount of material from which 
nothing is taken has been looked through, in order to ascertain whether 
it contained anything which ought to be' considered. In all cases 
summaries are made from the original articles, with the e~ception of 
a part of the section upon northern Canada. Nearly the entire litera
ture of the geology of this region has recently been clearly compiled by 
Dr. George JVI. Dawson, and from this compilation the major part of the 
summary for this region is taken. 

To a card catalogue of the Appalachians by N.H. Darton, to Azoic 
Rocks and other works by Hunt, to the Minnesota reports, to the Azoic 
System by Whitney and Wadsworth, to Irving's Copper-bearing Rocks, 
and also to many other works the writer is much indebted.as furnishing 
guides to the pre-Cambrian literature. In this way Darton's catalogue 
and the Azoic System have been by far the most valuable. After in
dependently preparing abstracts of papers and reports I have compared 
them with the abstracts contained in the Azoic System in order to dis
cover omissions, and this book has thus enabled me to make the sur-

-vey of literature more nearly complete than it otherwise would have 
been. To a certain extent other books have been used in the same 
fashion. 

Mr. W. N. Merriam has drawn all the maps for the illustration of the 
volume. To Mr. George E. Luther the writer is indebted for most effi
cient clerical assistance from the outset, without which it would have 
been impossible to complete this volume within the time allotted. 

To Sir Archibald Geikie, Dr. Hans Reusch, Dr. K. A. Lossen, Michel
Levy, and Dr. Johannes Lehmann I am indebted for summary statements 
of the condition of knowledge with reference to the pre-Cambrian of 
Great Britain, France, Germany and Scandinavia. 

vVith Messrs. C. D. Walcott, G. H. Williams, Bailey Willis, and R. W. 
Ells I have been in the field and in consultation, and from them have 
received much useful information. 

Mr. G. K. Gilbert has kindly read the manuscript, and has made many 
suggestions which have been of value. 

To the late Prof. Roland D. Irving, and to Prof. Raphael Pumpelly I 
am indebted in a p(!culiar manner. With the former I was associated 
in work from my earliest studies in geology until his death. With 
the latter I have been much in the field for the last two seasons and 
have received many pregnant ideas. What part of the thoughts con
tained come from these two friends I am unable to specify in detail, but 
I am conscious that the debt is a heavy one. -

Bull. 86--2 
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No one else will feel so keenly the imperfections of this volume as the 
writer. Papers will be found to be overlooked of which summaries ought 
to have been made . . Mistakes of interpretation will be found. Undue 
proportion in the summaries will be discovered. I can only say that 
I have attempted to reduce these defects to a minimum. It will be 
esteemed a great favor, with reference to a possible future edition, if 
all who discover such omissions and mistakes will communicate them 
to the writer. 

C. R. V. 
l\IADr::,oN, V\frs., July, 31, 1891. 
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A l:EVTEW OF THE PRESENT STATE OF KNOWLEDGE 
OF THE PRE-OA}fBRIAN ROCKS OF NORTH .A}IERICA. 

BY C. R. VAN RISE. 

INTRODUC. TION. 

The purpose of this book is to give an account of the present state of 
knowledge of the general :-;tructure of the pre-Cambrian of the United 
State:::; aud Canada. It is not a bibliography of pre-Cambrian litera
ture, nor a petrography of the pre-Cambrian rocks, nor 'a treatment of 
metamorphism, nor an account of economic facts. Mere occurrences of 
pre-Cambrian or crystalline rocks are uot referred to unless the districts 
are new. Petrography, metamorphism, and economic geology are con
sidered only so far as they have a direct bearing upon structural re
sults, and then the substance of the established conclusions is given 
rather than the facts upon which they are based and the manner of 
reaching them. • 

The material contained in the historical chapters of this volume is of 
two kinds: First, a summary of all articles or parts of articles which 
have contributed knowledge upon the subject considered; and second, 
summaries of the conclusions which appear to be established in the 
various regions, while the final chapter covers the same ground for 
general successions proposed and also a discussion of these results aud 
the principles upon which they are based. No summaries are made of 
writings based wholly upon the field work and reports of others. This 
report is not a review of reviews; neither is purely controversial liter
ature noticed. When a paper is made up in part of an original investi
gation and of a discussion of the works of others, only the first part is 
summarized. When the same writer repeats the same rncts and con
clusions several times, summary is made of the most comprehensive 
article and references are made to the others in the footnotes. 1 Often- · 
times a final report includes all found in several annual reports. In 
this case the final report only is summarized. In making summaries 
the conclusions reached by the various authors are always given, and 
as full an account of the facts upon which they are based as is possible 
without extending this book beyond bounds. 

'At tlw end of each chapter. 
19 
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The abstracts given have the defects of all summaries-a certain 
amount of inaccuracy, because all modifying and qualifying facts can 
not be given, and an undue amount of emphasis in the conclusions. In 
regions in which much work has been done these defects are not so 
serious as in little studied regions, for in the former the observations 
of independent observers confirm or neutralize each other. 

So far as possible, in the summaries, the original language of tbe 
author is used, although a single sentence of the summary may be taken 
from several sentences of the original. Where the ideas can be con
veyed in a briefer manner than in the original language other words 
are used. No quotations are made; for the ideas contained, whether 
in the original language or not, are wholly the ideas of the author-the 
whole is in fact really quoted. It might be thought that better results 
would have been reached by indicating through quotations what words 
are taken from the original, but this method would have necessitated 
an unpleasant and constant alternation from quoted to nonquoted 
phrases. It would have made it much more difficult to convey briefly 
the thoughts of the original; for the words which are adapted to com
plete expositions are often not the best adapted to a resume. .At :first 
the plan of quoting was followed, but this was abandoned, because it 
was seen that carrying' it out would add greatly to the size of this 
volume without enhancing, if indeed it did not diminish, the accuracy 
and comprehensiveness of the review. 

Due proportion should be maintained between the abstracts of the 
various writings. Frequently a short article contains much more of 
structural importa.nce than one of far greater length, although the 

• longer article may contain much of interest which does not come within 
the scope of the paper. Into the summaries the editor enters only in 
so far that he must of necessity take what appears to him important 
and omit what appears unimportant. Undoubtedly in this respect many 
mistakes are made; future investigations will show that omitted facts 
and conclusions have greater importance than now appears; but a per
fectly proportioned summary could be made only by perfect knowledge. 

The necessarily brief summaries will perhaps serve the purposes of 
those who are interested in the general stratigraphy of the pre-Cam
brian. They will not answer for those who wish to understand in 
detail the structure of any given region: For this local details are nec
essary. .As the summaries are not made with reference to upholding 
any theory, they of necessity will fail to give all the facts which bear 
upon any particular hypothesis. But even for these special purposes 
it is hoped this volume may be found sufficiently full to be useful, and 
it certainly will assist in directing to the important literature. 

In the discussion the aim has been, not to call attention to all that 
seems to be erroneous, but first to point out where there is harmony 
between the different authors, often veiled because terms are used 
with different significations; and, second, to note the important conolu-
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sions which have been clearly determined. Statements and conclu
sions with which the writer does not agree are in general not criti
cised nor is any refutation attempted, unless the point at issue is one of 
such a fundamental character that it can not be overlooked. 

The maps are in all cases compiled from the original sources, and, like 
the summaries, have whatever excellence or defects the original work 
has. In many cases the editor feels assured that the maps will need to 
be materially modified, but he has not the detailed knowledge necessary 
to make the modifications. The generalized character of the bounda· 
ries is often indicated by the fact that they are straight lines. It need 
not be said that true geologi~al boundaries are not of this nature in 
much disturbed regions. In the Appalachians the maps merely 
outline the crystalline rocks. Much of the area included is known to 
belong to the Paleozoic, but it is impossible either accurately to separate 
these areas or to subdivide the pre-Cambrian. All that can be done 
in many areas is to indicate that the rocks are pre-Cambrian, although 
it is oftentimes certain that Algonkian and Archean rocks both occur, 
which have not been separated in mapping. In a few regions, not only 
can the Archean and Algonkian be discriminated, but the latter has been 
subdivided into series and these into formations. There are then on 

· the maps all grades of knowledge, f~'om the eastern United States, 
where the· pre-Cambrian is not outlined, to areas in which pre-Cam
brian series are divided into formations. The maps, as the summaries, 
are a resume of the present imperfect knowledge. 

The order in which the districts are taken up is not consistently 
geograyhical or geological, but rather the order of the development 
of exact knowledge of the pre-Cambrian rocks. The great Canadian 
pre-Cambrian area in all its parts is a geological unit, yet the de
ta.iled study of it has been confined somewhat closely to particular 
regions; and of necessity the regions which have been uuits of work 
have to be followed rather than a strictly logical order. Chapter I is 
devoted to the original Laurentian and origh1al Huronian arras. Chap
ter II is given to the lake Superior region. These region~ are taken 
first because the exact knowledge of the pre-Cambrian. rocks is here 
greater than in other areas. The Appalachian region, although the 
earliest to be studied, is reviewed last, for it is the area in which the 
conditions for obtaining exact know ledge are the least favorable, and 
about which comparatively little structural knowledge of the pre-Cam
brian has been acquir0d. 

In the summaries of the individual districts the order is that of ap
pearance of the papers. By giving the entire summary of the literature 
of one district before taking up another, epitomes of parts of a single 
paper are necessarily dissociated. By this method something of corre
lation is lost; but purely general work is summarized in the general 
chapter and the subject of correlation is here treated. 
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In regard to regions "like the Appalachians and California, in which 
post-Cam brian rocks have become completely crystalline and have been 
for many years and are yet confused with pre-Cambrian rocks, sum
maries unavoidably extend beyond the proper scope of this paper. Of 
series which were in the past supposed to be pre-Cambrian, but which 
have been demonstrated to be Cambrian or post-Cambrian, the fad 
is mentioned, but the literature which concerns them is not sum
marized, since it does not fall within the scope of this paper. The par
ticular position which such formations shall take in Cambrian or post
Cambrian time is a subject for others to consider. 

Of necessity the eruptives which have not been differentiated -from 
the pre-Cambrian have to be considered. Oftentimes it is quite proba
ble that eruptives noted belong to post-Cambrian time. No paper i~ 
summarized bearing upon the unmistakable Cambrian or post-Cam
brian eruptives unless it has a direct bearing upon the character or re
lations of the associated rocks of pre-Cambrian age. 

All references to literature are given at the ends of the respective 
chapters, the reference notes having continuous numbers: In the dis
cussions closing sections or chapters and in the general chapter cita
tions are not repeated. The original source of any statement attrib-

-uted to an author may always qe found by the aid of the index, where 
the name of each author is followed by references to the pages where 
his work is summarized. 

The terms group, system, series, are used w1th the stratigraphical 
significance given them by the International Geological Congress. The 
corresponding chronological terms era and period are used. Forma
tion is used as one of the members of a series, as quartzite formation 
or limestone formation of the Huronian series. The term'' crystalline 
schist" is rigidly confined to rocks which have a "completely crystal
line interlocked texture, which is possessed of a scl1istose parting due 
to a parallel or foliated arrangement of the mineral ingredients, or of 
aggregations of these ingredients." The finely banded gneisses are 
typical examples. All rock masses which within themselves show in
dubitable evidence of clastic origin are excluded from the crystal
line schists and are regarded as semi or partially crystalline. A clastic 
or semi-crystalline formation may grade into a crystalline schist. 

In the summaries of results and in the general discussion (Chap
ter VIII), unless otherwise stated, the term Cambrian is delimited below 
by the Olen ell us fauna. The term Algonkian is a system term, covering 
all recognizable pre-Cambrian clastic rocks. The term Archean is a co
ordinate-system term, covering all pre-Algonkian rocks. It therefOl(' 
includes only completely crystalline rocks, but does not include all rock:-; 
of this kind, as holocrystalline rocks of eruptive and sedimentary oti
gin may occur in Algonkian or post-Algonkian time. The prOlJl'iet.r t,f 
these usages will appear in what follows. 



CHAPTER I. 

THE ORIGINAL LAURENTIAN AND HURONIAN AREAS , 

SEC'l'ION I. EASTERN ONTARIO AND WESTERN QUEBEC. 

LITERATURE. 

LOGAN,1 in 184 7, describes between the Ottawa and Mattawa rivers, a 
metamorphic series of rocks, which, in its highly crystalline character, 
belongs to tb e order named by Lyell Primary. They are called meta
morphic, because their aspect is such as to lead to the theoretical be
lief that they may be ancient sedimentary formations. A red syenitic 
gneiss, in which hornblende and mica are arranged in a parallel direc
tion, is the predominant rock. The thickness of the gneiss is not ascer
tained. South of the Mattawa and . Ottawa are importallt beds of 
coarse crystalline limestone iuterstratified with the gneiss in a conform
able manner, although this conformity would not be seen in a small 
area, because of the minor complicated contortions. One section at 
High falls, on the Madawaska, has a thickness of 1,351 feet, and con
sists of gneiss, crystalline limestone, with a smaU amount of micaceous 
quartz rock, the gneiss greatly predominating. The areas which bear 
limestone are so distinct that they are placed as a separate group of 
metamorphic strata, supposed from their geographical position and gen
eral attitude to overlie the syenitic group conformably. Both of the 
metamorphic groups are frequently traversed by dikes and veins, ill
eluding those of a granitic and pyroxenic character. From the vicin
ity of Quebec the limestone group ranged along the St. Lawrence, a dis
tance varying from 10 to 20 miles, reaches the seigniory of Argenteuil, 
where it makes a turn toward the valley of the Ottawa, is seen above 
Grenville, and is last seen about half way between Fort William and 
Joachim falls, and at Portage de Talon, on the Mattawa. In the vicin
ity of Grenville the-limestone is plumbaceous. 

LoGAN,2 in 1852, finds a metamorphic and gneissic series of a wide
spread ,occurrence upon the river du Nord and the country to the west 
ward. The Potsdam formation rests unconformably upon the meta
morphic series. 

J\IIuRRAY,3 in 1852, describes a metamorphic series upon and north of 
the Upper St. Lawrence. On the Thousand isles are micaceous and 
hornblende gneisses. Crystalline limestones, quartzites, and collglom
merates are all found upon the mainland, and the latter is cited as 
decisive evidence of the metamorphic character of the series as a whole. 

1 For notes see end of chapter, p. 48. 
23 
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LOGAN,4 in 1854, appliBs to the series before called ''metamorphic" 
underlying the fossiliferous formations of . Canada the name Laurentian 
series, because metamorphic is applicable to any series of altered rocks. 
The proposed name is founded on that given by Mr. Garneau to the 
chain of hills which they compose. Above tile Laurentian series is the 
Potsdam sandstone. 
MURRAY,:~ in 1854, remarks that south of the Laurentian series are 

the more recent fossiliferous rocks. The Laurentian series consists of 
masses of micaceous and hornblende-gneiRs and masses of interstrati
fied crystalline limestone. Intrusive granite is found in the gneiss. 
The magnesian crystalline limestone layers, one 700 feet thick, are per
sistent. A section of gneiss, mica-schist. and quartzite, all sometimes 
garnetiferous, and two belts of limestone, tog·ether 140 feet thick, make 
up a succession 1>369 feet thick at Birch lake. In the series is a con
glomerate, the matrix of which in one case is a limestone and the peb
bles of quartz and feldspar. In another conglomerate are distinct peb
bles in a talcose slaty matrix. These pebbles are sometimes distinctly 
rounded and flattened, the flat sides always lying parallel with the bed
ding. The pebbles vary from 5 or 6 inches in diameter to those so small 
as not to exceed the size of snipe shot. 

LoGAN,6 in 1857, describes the Laurentian formation for some dis
tance north of the Ottawa river between rivers Rouge and du Nord; 
The rocks are found to be limestone, gneiss, aud quartzite. The lime
stone formations are used chiefly in working out the structure, but even 
with this guide, on account of the repetition of layers by folding and 
lack of fossils, the ·work is very difficult. All of the above rocks are 
taken to be metamorphosed sediments. They are cut by eruptives, such 
as syenite, porphyry, and greenstone, which are older than the fossil
iferous formations. 

MuRRAY,7 in 1857, finds Laurentian rocks largely exposed between 
Georgian bay and the Ottawa r.iver. The rocks are red and gray 
gneisses, micaceous and horn blendic schists, quartzite, and crystalline 
limestone. On lake Nipissing and its islands is found the Laurentian 
formation, consisting of gneiss, mica-schist, hornblende schist, crystal
line limestone, and associated with this beds of specular ore. Lime
stones are also found along Muskoka river. The strata are everywhere 
more or less corrugated, in many places exhibiting sharp and compli
cated folding. They are intersected by quartzo-feldspathic and quartz 
veins. The Laurentian rocks of Georgian bay are separated from the 
Huronian north of lake Huron by a line running from tne northwest 
side of Shibahahnahning to the junction of the Maskanongi and Stur
geon rivers, its course being in a northeasterly direction. 

HUNT, 8 in 1857, states that stratified feldspathic rocks are closely as
sociated with the crystalline limestones, which alternate with gneissoid 
and quartzose rocks of the Laurentide mountains. These rocks, besides 
containing pyroxene, which passes over into hypersthene and a triclinic 
feldspar, contain as accidental minerals, mica, garnet, and ilmenite. 
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LoGAN/ in 1858, in describing the Laurentian of Ottawa thinks it prob
able that it can be divided into two great groups: that characterized 
by the presence of limestone and that without, and the latter of these 
groups also will be capable of subdivision. Often interstratified with 
the limestones are bands of quartzite which are heaviest near the junc
tion of the limestone and. the gneiss. The greatest mass of quartzite 
is beneath the limestone and is 400 feet thick. The limestones oj 
the Laurentian are influmiced in their strikes and dips by subsequent 
masses of igneous rocks. IIowever, to these rocks as a whole, as well 
as to their equivalent throughout Canada, is applied the term Lauren
tian series, from the Laurentide range of mountains from lake Huron to 
Labrador, which are composed of this rock. 

LoGAN, 10 in 1859, gives an elaborate description of the distribution of 
the limestones along the Rouge river. There are fouud to be two belts 
which are regarded ·as interstratified with the gneisses. This latter 
rock is sometimes garnetiferous and occasionally is spoken of as the 
quartzite. The total thickness of rocks expose<l on the Rouge is over 
22,000 feei;, of which over 5,000 is limestone. 

LoGAN, 11 in 1860, finds three belts of limestone, which are associated 
with massive orthoclase gneiss, mka-slate, hornblende rock, and quartz 
rock together 15,000 feet thick. The calcareous bands are largely asso
ciated with labradorite, and beds of hornblende rocks and quartz rocks 
often thickly studded with pink garnets. One of the beds of pure white 
quartz rock is a thousand feet thick. Certain fossil-like forms have 
been found which resemble Stromatocerium. The strata are very much 
folded. 

LoGAN/2 in1863, gives a general account of the pre-Potsdam rocks, 
which are called Azoic and are divided into the Huronian series and 
the Laurentian system. In the I.1aurentian system are included anor
thosite, orthoclase-gneiss, granitoid gneiss, quartzite, }lornblende-schist, 
mica-schist, pyroxene and garnet rocks, limestones and dolomHes. The 
anorthosites are composed of lime-soda feldspar, varying in compo
sition from andesine to anorthite, and associated with pyroxene or 
hypersthene. The orthoclase-gneiss bas a never failing constancy in 
the parallelism of its mineral constituents, which, however, is some
times obscure. This rock is usually very feldspathic and often coarse 
grained. With the feldspar and quartz are often mica and horn blend e. 
The gneisses appear to attain several thousand feet in thickness, but 
are divided at unequal intervals by hornblende and mica-schist in 
which the stratification is more distinct. The quartzites are in consid
erable volume, two layers of which, nearly pure, have one a thickness 
of 400 and the other a thickness of 600 feet. The masses of liwestone 
are generally very crystalline and coarse grained, but sometimes are 
saccharoidal. The bands of limestone are sometimes of great thick
ness. They are usually not pure, but contain many other miuerals, 
among which are very frequently mica and graphite. Among the 
rarer minerals is chondrodite. The iron ore, which is mostly mag-
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netite, is interstrati:fied with or not far removed from the limestons 
bands. Associated with the limestone~ are dolomites, which, however, 
compose distinct beds. 

There is not any special order in the masses, but beds of hornblende 
rock and hornblende schists are more abundant near the interstratified 
bauds of .limestone than elsewhere, and in the same neighborhood there 
usually occurs a more frequent repetition of beds of quartzite than in 
other parts. Garnet is sometimes disseminated in the micaceous and 
hornblendic gneiss and quartzite and are commonly confined to the 
immediate proximity of the limestones. The limestones and gneiss 
beds as a whole are generally conformable to them. It often happens 
that a subordinate layer of gneiss will display contortions of the most 
complicated description. Notwithst~wding the highly crystal1ine con
dition of the Laurentian rocks, beds of unmistakable conglomeritic 
character are occasionally met with. These generally occur in the 
quartzite or micaceous beds. The intrusives of the Laurentian consist 
chiefly of syenite and greenstones. The greenstone dikes are always 
interrupted by the syenite when they have been found to come in con
tact with it, and the latter is therefore of posterior date. A mass of 
intrusive syenite occupies an area of about 36 square miles in the 
townships of Grenville, Chatham, and Wentworth. It is cut and pen
etrated by masses of a porphyritic character which are therefore of a 
still later date. 

The Laurentian series stretches on the north side of the St. Lawrence 
from Labrador to Lake Huron, and occupies by far the larger portion 
of Canada. Its strata probably possesses a very great thickness. To 
determine the superposition of the various members of such an ancient 
series is a task which has never yet been accomplished, and the diffi
culties attending it arise from the abs~nce of fossils to characterize its 
different members. Bands of crystalliue limestones are easily distin
guh;hed from the bands of gneiss, but it is scarcely possible to know 
from local inspection whether any mass of limestone in one part is 
equivalent to a certain mass in another part. They all -resemble one 
another lithologically. The dips avail but little in tracing out tl1e struc
ture, for in numerous folds in the series the dips are overturned, and the 
only reliable mode of working out the physical structure is to continu
ously follow the outcrop of each important mass in all its wiudi11gs as 
far as it can be traced, until it becomes covered by superior strata, is 
cut oft' by dislocation, or disappears by thinning out. 

Several sections are described in detail. The general section i:-; as 
follows, in ascending order: Orthoclase-gneiss, 5,000 feet; Trembling 
lake limestone, 1,500 feet; o·rthoclase-gneiss, 4,000 feet; Great Beaver 
lake and Green lake crystalline limestone, including interstrati:fied beds 
of garnetiferous and hornblendic gneiss, 2,500 feet; orthoclase-gueiss, 
the lower part having several bands of quartzite, 3,500 feet; Grenville 
crystalline limestone, 750 feet; orthoclase-gueiss, 1,580 feet; Proctor's 
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lake limestone, 20 feet; orthoclase-gneiss, including quartzite, ~3,400 
feet; anorthosite, thickness (wholly conjectural), 10,000 feet; total, 
32,750 feet. In the limestones are fossil-like forms which resemble 
Stromatopora rugosa. Accompanying the account of the Laurentian is 
a detailed map of it in parts of the counties of Terrebonne, .Argeuteuil, 
and Two Mountains. 

The anorthosite probably overlies the Grenville series uncomformahly. 
It is remarked that if the two inferior limestone bands of the Gren
ville series disappear on reaching the margin of the anorthosite, it is 
conclusive evidence of the existence in the Laurentian system of two 
immense sedimentary formations, the one superimposed unconformably 
upon the other, with probably a great difference of time betweeu them. 

LoGAN/2 in 1863, first describes a part of what was later called the 
Hastings series. In ascendiug order are found contorted gneiss ~111d 
micaceous schists cut by red syenite veins. Above this comes crys
talline limestone, and north of the village of :Madoc, ~till in ascending 
ordcl', occurs a somewhat micaceous schist, which contains numerous 
fragments of rock in character different from the matrix, some of them 
resembling syenite ~r greenstone. The pebbles are in places distinctly 
rounded. 

BrGSBY,13 in 1864, states that crystalline limestones occur in bands 
fi'om 50 to 1,500 feet thick at Gananoque, on the lake of the Thous~wd 
isles, and on the Mattawa. The bands of marble are tortuous, and 
between them ~re sometimes found corrugated seams of gnci::-;s. Con
glomerates and grits occur at Bastard, on the Ottawa, and at Madoc, IH'ar 
lake Ontario. At the former vlace, between the beds of marble, is 
quartzose sa.ndstone, with pebbles of calcareous sandstone and vitrified 
quartz. At Madoc village are i11terstratified marble and. conglomerate, 
one being bluish micaceous schist, holding fragments of gree11stone and 
syenite, the other being a dolomite with large pebbles of quartz, felu
Spar, and calcite. As proofs of life are the occurrence of limestone, 
carbon, phosplwrus, sulphur, and iron ore. The Laurentian system as 
a whole eow:;ists of, (1) orthoclase-gneiss, sometimes granitoid, with 
quartzite, horublendie and mieaeeous schists, pyroxene, and garnet 
rock; (2) white crystalline limestone and dolomites, in numerous thick 
beds, containing serpentine, pyroxene, hornblende, mica, graphite, iron 
ores, apatite, fluor, etc., and interstratified with bands of gneiss; (3) 
lime-feldspar rock, or anorthosite, containing hypersthene, ilmellite, 
pyroxene, horneblende, graphite, etc. These three groups are traven;ed 
by granitic and metalliferous veins. 

MACFARLANE, 14 in 1866, describes the Laurentian rocks of several 
towns in the county of Hastings. The rocks here found include grmtite, 
granite-gneiss, gneiss, petrosilex, conglomerates, an<i limestones. At 
Maaoc are conglomerates consisting of pebbles, generally of quartzite, 
in a schistose matrix, lithologically not unlike some of phe Huronian 
rocks. 
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LOGAN/5 in 1866, further describes the distribution and structure of 
the Ottawa Laurentian limestone. There are here three great conforma
ble bands, which are termed the Grenville, Green lake, and Trembling 
lake bands. In these limestones Eozoon is tound. 

LoGAN,16 in 1867, states that the Hastings series is arranged in the 
form of a trough, and that to the eastward, and probably beneath them, 
are rocks which resemble those of the Grenville, and it is supposed 
that the Hastings series is somewhat higher than the Grenville. The 
Madoc limestone is overlain unconformably at several places by the 
horizontal Lower Silurian limestone. In Tudor the limestone is sud
denly interrupted for a considerable part of its breadth by a mass of 
anorthosite rock, rising 150 feet above the general plain, which is sup
posed to belong to the unconforrfiable Upper Laurentian. 

VENN OR, 17 in 1867, gives the ascending section of Laurentian rocks 
in Hastings .county as follows: Red feldspathic gneiss, 5,000 feet thick; 
dark green chlo~itic slates, 200 feet; crystalline limestone, 2,200 feet; 
siliceous and micaceous slates, 400 fe.et; bluish and grayish mica-slates, 
500 feet; pinkish dolomite, 100 feet; micaceous limestone or calc-schist, 
containing Eozoon, 2,000 feet; green diorite slates, 7,500 feet; reddish 
granitic gneiss, 2,100 feet; total, 20,000 feet. 

DAWSON 18 (Sir William), in 1869, states that the graphite of the Lau
rentian is scattered through great thickness of limestones, and is found 
also in veins. In one bed of limestone 600 feet thick the amount of 
disseminated graphite must amount to as much as a solid bed 20 or 30 
feet thick. The graphite is believed to be of organic origin because, 
first, it contains obscure traces of organic structure; second, its arrange
ment and microscopical structure corresponds with that of micaceous 
and bituminous matter in marine formations of modern date; third, if 
of metamorphic origin, it has only undergone the metamorphosis which 
is known to aftect organic material of later age; fourth, it is associated 
with beds of limestone, iron ore, and metallic sulphides, presumably of 
organic origin. 

VENNOR/9 in 1870, in a report on Hastings county, describes the pre
Silurian rocks. The rocks are divided into three divisions, A, B, and 
C. A, the lower division, consists of syenite rock, granitic gneiss, 2,000 
feet; fine-grained gneiss, sometimes hornblendic and passing into mica
schist, 10,400 feet; crystalline limestone, 400 feet. B, the middle divi
sionl is of hornblendic and pyroxenic rocks, including diorite and dia
base, both massive and schistose, 4,200 feet. 0, the upper division, 
consists of crystalline and granular limestone, 330 feet; mica-slates in
terstrati:fied with dolomite, sometimes conglomeratic, with pebbles of 
gneiss or quartzite 1 to 12 inches in diameter, 400 teet; slateinterstrat
ified with gneiss, 500 feet; gneissoid micaceous quartzites, interstrati
:fied with siliceous limestone, 1,900 feet; gray micaceous limestone, 1,000 
feet. Total, 21,130 feet. The syenite in certain localities has no ap
parent marks of stratification. Associated with the above rocks are 
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deposits of iron ore. Eozoon canadense occurs in the topmost member 
of the upper division (0). Division B rests immediately upon .A, but 
whether conformably or not is not determined, as the basal members of 
B are massive diorites and greenstones. 

VENNOR/0 in 1872, applies to the lowest division of the Hastings 
series (.A), the term Laurentian, and the middle division (B) is placed 
as probable Huronian. The rocks of the upper group are found to lie 
unconformably upon the gneissm; aud crystalline limestones of the low
est, and it is probable that the middle group is unconformably below 
the upper and unconformably above the lower group. 

VENNOR,Z1 in 1872, reports on Leeds, Frontenac, and Lanark counties, 
Ontario. The granite of the gold-bearing rocks i:;; believe<l to repre
sent eruptions which took place probably toward the close of the Lau
rentian period, or at some time prior to the 11Ppn:-)ition of the rocks of 
divisions B and 0, for, whenever these higher rocks are wanting, the 
Laurentian gneisses, quartzites, and limestone are cut by a network of 
veins. 

VENNOR,22 in 1873, gives an additional report upon the counties of 
Frontenac, Lee(lf<, and Lanark. The area is divided into western, mid
dle, and eastern sections. In the western Sf'ctioH Lhe main mass of 
rocks is of granite, syenite, and coarse and fme grained gneisses. The 
red granites sometimes appear to be of later date than the white mica
granites and even of the diorites of division B. I..1imestone was not ob
served. In a trough between two granite awl gnei:-)S areas are found 
diorite-slates, micaceous and chloritic schists, pyroxeuic rocks, con
glomerates, dolomites, and sandy crystalline lim<>stonei'. In one con
glomerate the pebbles of quartz in a matrix of sand and mica are flat
tened out along the plane of bedding, so that those wbich in cross 
measurement are not more than one-fifth of an inch broad have a length 
of from 5 to 10 inches. In placeR in the conglomerate, instead of peb
bles, are layers of vitreous quartz or quartzite and mica-schist. The 
middle section is undoubtedly Lower Laurentian. The rocks met with 
include great thiclmesses of gneiss, for the most part clearly stratified, 
with well defined strike and dip; masses of hornblende rock and diorite, 
graduatiJJg into slate or schist; large and important bands of crystal
line limestones, and groups of calcareous strata associated with mica
slates, and workable masses of magnetic iron ore. These rocks are 
clearly interstratified.. .Apparently five distinct bands of crystalline 
limestone are met with, separated by reddish granitic and dark horn
blenaic gneisses. The rocks of the eastern section consist chiefly of 
gneiss, but assoeiated wjth this are coarsely granular limestones. The 
horizo11 tallimcstOJJCS of the Lower Silurian by a fault are brought into 
abrupt vertical contact with the Laurentian gneiss. 

VENNOR,Z3 in 1874, further describes Frontenac, Leeds, and Lanark 
counties. The five belts of crystalline limestones mentioned in the pre
vious report are described in detail. Eozoon occurs abundantly in 
places. 
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VENNOR,24 in 1876, gives a further report on the rear portions of Fron
tenac and Lanark counties. Two sections are given, representing the 
limestones as interstratified with the quartzites and gneisses. The rocks 
are classified into five groups: I, Mica-schist group; II, Dolomite and 
slate group; III, Diorite and hornblende-schist group; IV, Crystalline 
limestone and hornblende-rock group; V, Gneiss and crystalline lime
stone group. A sixth group, described in a previous report, occupies 
the front portion of Lanark county. Each of the five groups have 
many subordinate phases of rocks; they occupy distinct and separate 
positions, but it is not known whether they represent one or more for· 
mations. · 

VENNOR,25 in 1877, states that there is in eastern Ontario and the 
adjoining portions of Quebec an .Azoic formation, consisting of syenite 
and gneiss(,), without crystalline limestone, in which there is but little 
indication of stratification. On it has been unconformably deposited a 
great system of gneisses, schists, slates, crystalline limestones, and 
dolomites, in the higher member of which Eozoon is found. The lime
stone occurs in four principal belts. Both Logan's Huronian and Upper 
Laurentian are considered to belong to the second division, which is for 
the present called the Upper Laurentian. Interstratified with several 
of the ballds of limestone are labradorite rocks .. No evidence is fop.nd 
for making these a distinct system. The Huronian and Hastings series 
are simply an altered condition in their westward extension of the 
lower portion of the upper system. 

VENNOR,26 in 1878, reports on the counties of Renfrew, Pontiac, and 
Ottawa. Referring to the work of previous. years, it is said that the 
rocks of divisions B and 0 of the Hastings series are really the western 
exteHsions of the diorites, hornblende-schists, and mica-slates of Lanark 
and Renfrew counties, in other words, of groups I, II, and III; and 
these last have also been shown to be a low portion of the gneiss and 
limestone series, that is, groups IV, V, and VI; and these have always 
been looked upon as typical Laurentian. The conclusion is consequeutly 
reached that the Hastings series is not, as it has been considered to be, 
the most recent, but rather the oldest portion of this great system of 
rocks investigated. It is also clear that this great crystalline gneiss 
and limestone series rests upon a still older gneiss series, in which no 
crystalliue limestones have yet beeu discovered. This series is the one 
referred to as divisjon A, where limestones have. been mentioned, but 
incorrectly. This occupies many hundreds of square miles between the 
St. Lawrence and Ottawa rivers, and is the rock which forms the back
bone of eastern Ontario and the nucleus around which have been de
posited all succeeding formations. This, then, is undoubtedly A"rchean 
and Lower Laurentian, and consequently the crystalline limestones 
and gneisses constitute a series which would come in beneath Logan's 
Upper Laurentian or Labradorite series. V\.riwtl1er this latter exists 
·as a distinct formation is doubtful. In each instau(;e in whiell tile 
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crystalline limestones have been found in the interior of the gneiss 
country, these have been proved to occur in the superficial condition of 
shallow troughs, and not as bands interstrati:fied in the gneiss itself. 

The lower noncalcareous Laurentian is a great series of crystalline 
ro<'ks, not only highly metamorphosed, but most intricately contorted. 
In the entire area studied the gneiss and syenite are by far the most 
abnudant rocks, while gneisses with interstrati:fied crystalline lime
stones occupy but a comparatively limited area, and this only toward 
tho margins of the former. The relative volumes of the two distinct 
sets of rocks, that is, the gneisses with the crystalline limestones, bear 
about the Rame relations to the volume of gneiss and syenite that the 
comparatively narrow belt of the Silurian does in this section of country 
to both of these together. 

There is thus in these old crystalline rocks a great uncalcareous di
vision and a smaller calcareous one. The :first of these may be further 
subdivided into a stratified and unstratified portion, of which the latter 
is uudouutcdly the lowest and oldest. As shown by the map, north 
and northwestward of the line, at the base of the gneiss and limestone 
series, there are numerous and repeated troughs of the lower member 
of this division which separate out over the great fundamental gneis~ 
system in a most irregular manner, and it is these that have given rise 
to the supposition that the older gneist:l and syenite is interstratified 
with the crystalline limestone. The three great subdivisions in east
ern Ontario are, then, first, a great gneissic and syenitic series without 
limct:ltone; second, a thinner gneissic series with labradorites and lime
stones; and, third, Lower Silurian (Potsdam to Trenton). The thick
nes~ of the upper series, exclusive of the fundamental gneiss, is placed -
tentatively as from 50,000 to 60,000 feet. No attempt is made to esti
mate the thickness of the underlying gneiss and syenite series. 

BELL,Z7 in 1878, reports on geological researches north of lake Huron 
and cast of lake Superior, including lake Nipissing. .IIc finds the rocks 
along the whole northeast coast of Georgian bay, a distance of 125 milcH, 
to belong to the Laurentian series. They consist prineipally of varie
ties of gneiss, occasionally interstrati:fied with bands of hornblendic and 
mi(•.a.ceous schists. The crystalline limestones are also found, as well 
as st.ratified diorites, trap rocks, and granite veins. The rocks have 
no uniform strike and are contorted into many anticlinals and syncli
mtls. The crystalline limestones of Georgian bay and lake Nipissing are 
regarded as belonging in three and possibly more crystalline bands. 
ARsociated '\Yith the limestone are sometimes found chert, conglomerate. 
quartzite, and magnetic iron ore. A junction of the granite with the 
Huronian quartzjte and hornblende-schist is mentioned. 

vVILKINS,28 in 1878, describes near the Grand Trunk station of Shan
nonviUe, about three-quarters of a mile north of the village, a gray and 
green slate conglomerate which much resembles the slate conglomerate 
of lake Huron belouging to the Huronian system. The base of this 
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rock is a schistose gray orthoclase with green· hornblende and epidote, 
while the pebbles are of Laure11tian gneiss, white and red mi(' ,\C'<'OUR 

and syenitic granite, syenite, felsite, dolerite, diorite, epidote, chlorite, 
and quartz, these masses being generally rounded, particuhtrly the 
gneissic pebbles, and very rarely angular, while in size some exceed a 
foot in diameter, and others nre not over 2 or 3 inehes. At Gibson's 
mountain, 6 miles southwest of Belleville, occurs Laurentian porphyritic 
coarse grained granitoid syeuitic gneiss. 

SELWYN,29 in 1879, states that it has been conclusively demonstrated 
that the Grenville and H ai-ithgs groups, consisting of limestones and 
calcareous schists holding Eozoon, with associated dioritic, felsitic, mi
caceous, slaty, and co11glomeratic rocks, form one great conformable 
series, which rests quite uueonformably upon a massive granitoid, syen
itic, or red gnei'ls series, a11d are uncouformably below the Potsdam or 
Lower Silurian rocks. The same may be sajd of the Huronian series 
of Georgian bay, which at hke Nipissing include some labradorite 
gneiss, and it is very prob:-tble that a connection will eventually be 
traced out between th~se supposed greatly different formations like that 
now proved to exist between the Hastings and Grenville series. The 
Norian series is thought to be a part and parcel of the great crystalline 
limestone series. These anorthosites are thought to represent the vol
canic and intrusive rocks of the Laurentian period, and if so, their 
massive and irregular, and sometimes bedded appearance, and the fact 
that they interrupt and cut off some of the limestones, is readily under
stood. Chemical and microscopical investigations both seem to point 
to this as the true explanation of their origin. That they are really 
eruptive rocks is held by nearly all geologists who have carefully 
studied their stratigraphical relations. 

SELWYN,30 in 1884, finds from Pembroke to Wahnahpitae river on 
the Canadian Pacific railway, nothing but Laurentian, which consists 
of red, gray, and white orthoclase gneiss, black hornblende-schists and 
mica-schists, often garnetiferous, pyroxenic gneiss banded like Eozoou, 
and large bauds of crystalline limestone. These rocks are all very dis
tinctly stratified, and dip generally in an easterly direction at angles 
varying from almost horizontal to vertical. 

SUMMARY OF RESULTS. 

It is apparent that the great area, roughly bonn <led by Georgian bay, 
the Ottawa and St. Lu,wrence rivers. to which the term Laur011tian i1:; 
applied, is, as a whole, a very crystalline one. This is so far true that uo 
attempt has been made over the greater part of the area to stratigraph
ically subdivide the rocks. The exceptions to thiR are a small area i11 
Argenteuil and adjacent counties, and a strip of country running from 
Ottawa to J\tfa<.loc. Even in. the districts in which the det iled .maps 
are given there is no estimate of the thickness of the layer.:; of the more 
massive parts of the ser.ie~ 
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In discussing the stratigraphical succession, large areas of the rocks, 
including syenite, granite, porphyry, etc., can be excluded, for it is cer
tain, as was early recognized by Logan and Murray, that many of these 
rocks are eruptives of later age than the gneissic and schistose rocks 
with which they are associated. 

Logan, Murray, and Vennor in his final comprehensive review, reached 
the same stratigraphical conclusions. Occupying the inferior position 
in this region is an immense thickness of Ryenitic, granitic, and gneissic 
rocks. For the most part this lower division is intricately folded, and if 
it has a stratigraphy, it is of so complicated a character that no esti
mate is made of the thickness. Where a structure is present there is 
no evidence that it is due to sedimentation. It contains no bedded 
limestones, no carbonaceous schists, no clastics, either volcanic or water
deposited. It is, then, a complex, devoid of any structure which has 
been shown to be bedding, devoid of any materials which may not be 
of other than surface origin. As described by Venn or, this lower non
calcareous Laurentian covers the larger part of the region. That lime
stones were at one time supposed to be contained in this series is ex
plained by him to be due to the fact that overlying bands of the upper 
division are included as infolded troughs. 

Upon these rocks rests a series of a very different lithological charac
ter. It includes great thicknesses of limestones, quartzites, conglom
erates, hornblende-schists, mica-schists, and bedded gneisses. If the 
limestones, quartzites and the regularly bedded character of the gneisses 
are not sufficient evidence of a clastic origin, the presence of unmis
takable conglomerates at numerous points is conclusive. This clastic 
series, as shown by the descriptions of it in the vicinity of Madoc, is in 
part clearly volcanic. The very great estimated thickness of this bed
ded series may be questioned, for evidently the study was not close 
enough and the structure well enough determined to decide this difficult 
question. The equivalence of the clastic rocks of the different districts 
has been assumed, but those more distant from the type area differ con
siderably from it in lithological character as well as from each other. 
That they are really equal has not been shown, although this is proba
ble for certain of the districts. 

As to the anorthosite series it may be excluded from :the bedded 
succession. It is now believed by most geologists that this rock is an 
eruptive. The unconformity at its base is an eruptive one, in all prob
ability caused by the outflowing of this rock at a later period than the 
formation of the underlying series. 

The Laurentian clastic series of the type area resembles, to a re
markable degree, the bedded gneisses, limestones, graphitic schists, 
and quartzites of the Adirondacks, except that the latter have become 
more completely crystalline. The core of the Adirondacks is " anor
thosite rock," really gabbro, and away from this the bedded series 
p.ips in a quaquaversal manner, so that the a,northosites apparently 

· · Bull. 86---3 
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underlie the clastics. This is explicable by regarding the anorthosite 
as an intrusive which has pushed up the bedded cla~tics, causing the 
latter to dip away from it in every direction. In the Ontario area it 
appears that the " anorthosite" has actually burst through and over
flowed the clastics. 

Comparing the bedded clastic division of the Laurentian with the 
Original Huronian, the description of the latter by Bell at Nipissing 
approaches closely in lithological character that of the Huronian, to 
which division the series was referred by Selwyn. The clastic series 
in the vicinity of Madoc, before Vennor realized that it is probably 
a continuation of that to which the term Laurentian was applied at 
Ottawa by Logan, was considered as Huronian, and by Logan himself 
was supposed to be higher than the Grenville series. 

These two districts are intermediate in position as in character between 
the type areas of upper Laurentian and the Huronian. 

The clastics of the Laurentian nowhere come in contact with those o~ 
the Original Huronian area, so that we have no evidence whatever as 
to their relative age. The former are underlain by a banded and con
torted gneissic and granitic series. The same is true of the Huronian 
of lake Huron. In this latter area the clastic series rests uncon
formably upon a lower gneissic one, but in eastern Ontario we have no 
positive evidence that similar relations obtain; but it is not improb
able, as maintained by Vennor, that there is at the base of the clastic 
series a true unconformity. On the other band, it is possible that the 
relations between the clastic series and the underlying completely crys
talline series are those of sedimentary rocks and later intrusives. 

Bearing in favor of an unconformity between the lower granite-gneiss 
and at least a part of the clastic series are several lines of evidence: 
(1) In Leeds, Frontenac, and Lanark counties the granites which cut the 
Laurentian gneisses in a network of veins never penetrate the series of 
quartzites, conglomerates, limestones, etc., although sometimes found 
in Vennor's middle or dioritic division. This indicates that the gran
ite-gneiss not only existed but had been intruded by granitic eruptions 
before the clastics were deposited. (2) The abundant large peubles 
and bowlders of granite and syenite found at many localities in the 
Laurentian region, and particularly about lake Nipissing and near 
Shannonville, show that earlier than the clastics existed gneisses 
and granites identical in character with those now designated as Lau
rentian. The probability is that these pebbles are, as supposcu by 
Logan and Wilkins, derived directly from the Laurentian. If this is 
the case, between the two must have existed a great time gap, for these 
fragments when deposited show that the rocks from which they are 
derived were then at the surface in their present completely crystal
line condi.tion. (3) The rocks of plainly clastic origin are associated an<l 
occur in trough-like areas, although having interstratified with them 
comparatively thin belts of gneiss, which, however, may be meta,. 
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morphosed sedimentaries. That this series is newer than the granite. 
gneisses, is indicated by the fact that the intricate stnlCture of the 
lower Laurentian is not simulated by the clastic rocks. Apparently the 
latter has undergone earlier and more intense orographic movements 
than the former. 

SECTION II. FROM NORTH CHANNEL OF LAKE HURON TO LAKE 
TEMISCAMANG. 

LITERATURE. 

BIGSBY,31 in 1821, gives the earliest geological account of the north 
shore of lake Huron. He found north of the North channel two series 
of rocks, one of granite, gneiss, and trap, which was placed by him 
with the Primitive; the other, without mentioning distinct characters, 
he called the Transition. formation. 

MURRAY,32 in 1845, finds Primary and Metamorphic rocks to com
prise the whole country to the north of lake Simcoe and the northeast
ern shores of lake Huron. The rocks are similar in appearance to the 
masses which compose the Thousand isles, and include granite, syenite, 
and gneiss, as well as a coarse micaceous sandstone, which at one place 
presents evidence of stratification. 

LoGAN/3 in 1847, finds, after passing over 63 miles of lower meta
morphic or syenitic gneiss on the Ottawa, after leaving the Mattawa 
(nearing lake Temiscamang), a succession consisting of (1) chloritic 
slates and conglomerates, (2) greenish sandstones, and (3) fo ' silifer
ous limestones. The conglomerates often hold pebbles and bowlders, 
sometimes a foot in diameter, of the subjacent gneiss, from which they 
are chiefly derived. So indurated is the rock that the fracture breaks 
across the pebbles. The sandstone is of a sea-green color, and appears 
to be composed of qua:r:tz and feldspar, with occasional flakes of mica. 
The volume of (1) is probably not less and may be very much more 
than 1,000 feet, while that of the sandstone is between 400 and 500 feet. 
Formation (3), fossiliferous limestone, is often conglomeratic at its base, 
containing pebl;>les, fragments, and bowlders of the sandstone beneath 
in a calcareous cement. Some of the harder beds abound in chert and 
many of them are fossiliferous, the organic remains leading to the opin
ion that this rock is equivalent to the Niagara of New York. That 
these limestones are unconformable with the slates appears almost cer
tain, but whether the intermediate sandstones are conformable with 
one or both of these can not be asserted, nor can it be asserted that 
the slates are conformable with the gneiss. 

LoCKE,34 in ·1847, having visited Echo lake and the Bruce mine, finds 
the rocks of the North channel to consist of sandstone, talcose slate, 
limestone, all metamorphosed by trap rock. The slate- contains some 
pebbles of primitive rock, and thus approaches a conglomerate. The 
limP-stone at Echo lake ~bows original stratification, and is traver::;ed 
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by seams of hard metamorphic slate, being nearly in the cvndition of 
a jasper. They are undulated, contorted, and pleated in a beautiful 
manner. 

CHANNING,35 in 1847, reports on an examination of Sugar island, 
Sailors Encampment island, St. Joseph island, and the main shore to 
Sault Ste. Marie on the American side. Metamorphic sandstone 
quartz, chlorite-slate quartz, feldspar rock quartz, chlorite, granite, 
syenite are all found, and are constantly intersected by the trap dikes. 
At Echo lake is a metamorphic sandstone quartz, containing a stratum 
of pebbles converted into jasper. On Sugar island is found. metamor
phic sand~tone, containing fragments of metamorphic sandstone and 
gray gneiss. 

MuRRAY,36 in 1849, describes the continuation of his work on the 
north coast of lake Huron west of French river, and upon the adjacent 
Manitoulin islands. The pre-Potsdam grouP. of rocks consist, firstly, 
of a metamorphic series, composed of granitic and syenitic rocks in 
the forms of gneiss, mica-slate, and hornblende-slate; and, secondly, in 
ascending order, of a stratified series, composed of quartz rock or sand
stmles, conglomerates, shales, and limestones, with interposed beds of 
greenstone. The first of these series is in so highly a disturbed con
dition, and is so much contorted that it is impossible to ascertain its 
thickness. The second series occupies the whole north eoast of Jake 
Huron, with many of its neighboring islands between little lake 
George and Shebawenahning. The breadth of country this series 
occupies, and the thickness it attains, there was no opportunity of 
determining. The quartzites sometimes pass into a sandstone, aud 
into a beautiful conglomerate, whose pebbles are chiefly of blood-red 
jasper. Besides the jasper conglomerates there are other conglomer
ates, the pebbles and bowlders of which are of syenite, varying from 
those of small size to those 2 feet in diameter; and these are some
times in a greenish quartz rock as a matrix, and sometimes in a 
greenish slate, more frequently the latter. Numerous greenstone dikes 
traverse the stratified series, and greenstone masses are interpose(l 
:among the sedimentary beds. On some small islands granite veins 
:and trap dikes were found breaking through the quartz rock, on 011e of 
which the latter beds dipped in opposite directions on opposite sides of 
the granite, and on another the quartz rock was found reclining on the 
granite, the contact being seen. The fossiliferous series is supported 
unconformably upon the older rocks. 

LoGAN,37 in 1849, next gives a general account of the geology of the 
north shore of lake Huron. An area of rocks, 120 miles long, and from 
10 to 20 miles wide, is placed in a single formation. ·This formation 
rests unconformably below the Silurian, as shown by the fact that the 
latter horizontal strata rest upon the uptilted edges of the quartz rock, 
fill the valleys between, and overtop the mountains. Upon account of 
:the eruptive material which the formation contains it is placed as the 



VAN HISK.] LAKE HURON TO LAKE TEMISCAMANG. 37 

probable equivalent of the copper-bearing group of lake Superior. 
The series is divided into rocks of sedimentary and rocks of eruptive 
origin. The sedimentaries consist of sandstones, conglomerates, slates, 
and limestones. The greenstones are of igneous origin, and are of two 
classes, intrusives and overflows. The intrusives are in part as sheets 
and in part as dikes. The various kinds of sedimentary beds grade 
into each other, while the greenstones do not thus grade into the sedi
ments, and therefore present a strong contrast to the real sedimentary 
beds. The dikes and overflow sheets are lithologically alike, and the 
dikes reveal a history which has two or three episodes. The chief dif
ference in the copper-bearing rock of lakes Huron and Superior seems 
to lie in the great amount of amygdaloidal trap in the latter, and of 
white quartz or sandstone in the former, but there are strong points of 
resemblance, so it is highly probable, if not almost certain, that they 
are equivalent and beneath the lowest fossiliferous deposits. On the 
east and west the series seems to repose on granite. 

MuRRAY,38 in 1850, gives the result of a survey of the Spanish river. 
Upon this stream he finds exposed a granitic or metamorphic group and 
a quartz-rock group. The latter contains quartzites, slates, and con
glomerates, holding sometimes pebbles of jasper, but more often of sye
nite or granite, as well as limestones and dikes and beds of intrusive 
greenstones, and can scarcely be less than 10,000 feet thick. The gra
nitic group appears to rise from beneath the metamorphic group at two 
places. 

LoGAN,39 in 1852, states that on lake Huron the Lower Silurian group 
rests unconformably upon a siliceous series, containing one band of 
limestone about 150 feet in thickness, having leaves of chert, but with
out discovered fossils. The series is the copper-bearing rocks of that 
district, is interstratified with igneous masses, and has a thickness of 
at least 10,000 feet; it is supposed to be the Cambrian epoch. The 
gneissoid group is probably still older, and its condition is sucb as to 
wake it reasonable to suppose that it consists of altered aqueo"Q.s depos
its. 

MuRRAY,7 in 1857, describes several of the more important streams 
between Georgian bay and lake Nipissing. They embrace two of the 
oldest recognized geological formations, the Laurentian and Iluronian; 
the rocks of the latter are more recent and have been observed to pass 
uucollformably below the lowest of tbe fossiliferous strata of the Sil"Q.
ri:m system. The contorted gneiss of the Laurentian series, wit4 its 
associated micaceous awl hornblendic schists, spreads over the country 
to the south and east, while the slates, conglomerates, limestones, 
quart1dtes, and greenstones of the Huronian occupy the northern and 
western parts. The ditl'erence in lithological character between the 
two formations is always sufficiently apparent, but though bot4 wen.~ 
found a short distance apart, the immediate point of contact was always 
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obscure, and a mass of greenstone of rather coarse grain was usually 
the first intimation of the proximity of the higher rocks. Whether this 
greenstone is a contemporaneous flow or subsequent intrusion has not 
been ascertained. The lower slates stand nearly vertical on Sturgeon 
river near the gneiss. The following is the general succession within 
the Huronian, in ascending order: fine grained siliceous slates; slate
conglomerate, containing profuse syenite and occasional jasper pebbles; 
limestone; slate-conglomerate, like the first; green siliceous chloritic 
slate; and close grained quartzite of various colors running into a 
conglomerate, the pebbles of which include white quartz and red and 
green jasper. ·The thickness of the Huronian is calculated at 10,000 
feet and corresponds with the determination of the thickness of the 
quartz-rock series on the Spanish river. 

LOGAN,40 in 1858, applies the term Huronian to the copper-bearing 
rocks of lake Huron. A limestone near the middle of the series is used 
to trace out the structure. 
MURRAY,~1 in 1858, gives a continuation of his study of the rocks 

north of lake Huron. He places the rocks of French river, described 
in the report of 1857, as Laurentian. A belt of limestone 200 feet thick 
is used in working out the structure of the Huronian. The Huronian 
is also called the copper-bearing rocks. 

LoGAN,42 in 1858, gives a general description of the pre-Silurian 
Azoic rocks of Canada, which occupy nearly a quarter of a million 
square miles. These are a series of very amcient sedimentary deposits 
in an altered position. They are of great thickness and are capable of 
division into stratigraphical groups. In the formation about lake Te
miscamang are sandstones, quartzose conglomerates, and slate conglom
erates, the slate conglomerates holding pebbles and bowlders derived 
from the subjacent gneiss. The bowlders display red feldspar, trans
lucent quartz, green hornblende, and black mica, arranged in parallel 
layers, which present directions accordant with the attitude in which 
the bowlders were accidentally inclosed. From this it is evident that 
the slate conglomerate was not deposited until the suQjacent forma
tion had been converted into gneiss, and very probably greatly dis
turbed; for while the dip of the gneiss, up to the immediate vicinity of 
the slate conglomerates, was usually at high angles, that of the latter 
did not exceed 9 degrees. A similar set of clastic rocks is found on 
the north -shore of lake Huron, except that the series is here intersected 
and interstratified with greenstone trap, and -pebbles of syenite and jas
per are found. Eastward of lake Temiscamang, in an area of 200,000 
square miles imperfectly examined, no similar series of rocks has been 
met with. Because this clastic series of rocks occurs in typical devel
opment on lake Huron it has been decided to designate it by the te:rm 
Huronian. 

MURRAY/3 in 1859, in continuing his study of the Huronian, gives 
most of his time to the region adjacent to the Thessalon and Mississagui 
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rivers. The Huronian is found to be in two main troughs and the thick
ness of the series of formations amounts to 16,700 feet. This thickness, 
greater than that given in the report of 1857, is due to the accidental 
existence here of intercalated greenstones. 

BIGSBY,44 in 1862, coneludes tbat the Huronian is greatly older than 
the Cambrian because: (1) Its marked similarity, lithologically, to the 
fundamental gneiss formation. (2) The conformity of these two sets of 
beds. (3) The great interval of time which must have elapsed between 
the periods of laying down the fundamental formation and the Silur
ian, if we are to judge from the occasionally vast thickness of the Cam
brian. Beyond aU comparison, the Huronian is more widespread and 
extensive, as well as more uniform in its mineral constitution, than the 
Cambrian group. It is, perhaps, also more important ~conomically. 

LoGAN,12 in 1863, gives a general summary of the information as to 
the Huronian series north of lake Huron. This area is mapped in 
detail. It extends along the entire North channel of lake Huron, with 
the exception of a short distance where the Laurentian occupies the 
shore. The full section on the north shore of lake Huron is as fol
lows, from the bottom upward: (1) gray quartzite, 500 feet; (2) green 
chlorite slate, 200 feet; (3) white quartzite, 1,000 feet; (4) lower slate 
conglomerate, 1,280 feet; (5) limestone, 300 feet; (6) upper slate con
glomerate, 3,000 feet; (7) red quartzite, 2,300 feet; (8) red jasper 
conglomerate, 2,150 feet; (9) white quartzite, 2,970 feet; (10) yellow 
chert and limestone, 400 feet; (11) white quartzite, 1,500 feet; (12) 
yellowish chert and impure limestone, 200 feet; (13) white quartzite, 
400 feet; total thickness, 18,000 feet. Interstratified with certain of 
these layers, and particularly Nos. 4, 6, 7, 8, and 9 are considerable 
masses of greenstone. That these are contemporaneous overflows in 
places is indicated by the fact that they are amygdaloidal and are 
arranged in layers. There are, however, also present intrusive masses 
of greenstone and granite, which in the form of dikes cut the stratified 
rocks in many directions. The different sets of dikes are of at least 
three different ages, the gritnite being intermediate in age between two 
greenstone eruptions. Many of the pebbles of the red jasper con
glomerate are banded, showing their derivation from a more ancient 
stratified rock. South of lake Pakowagaming is a considerable area of 
granite which breaks through and disturbs the Laurentian gneiss, and 
from which emanates a complexity of dikes, the whole being supposed 
to be of Huronian age. The immediate contact of the gneiss with 
the overlying rocks has not been observed. The gneiss between l\iis
sissagui and St. Marys rivers has been much disturbed by intrusive 
granite and greenstone, and it is difficult to make out how the stratified 
portions are related to each other. Near Les Grandes Sables, a gray 
quartzite, supposed to be the lowest Huronian, abuts against one mass 
of gneiss, and runs under another and appears to be much broken by 
and entangled amon~ the intrusive rock. On lake Temiscamang the 
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Laurentian gneiss is followed by a slate conglo~erate which contains 
pebbles and bowlders sometimes a foot in diameter of the subjacent 
gneiss. The- Huronian of lake Huron is correlated with the lower cop
per-bearing rocks of lake Superior. Several detailed sections are 
described. The general sections represent the Huronian series as 
resting unconformably upon the Laurentian. 
· LoGAN,45 in 1865, states that the horizontal strata, which form the 

· base of the Lower Silurian in western Canada, rest upon the upturned 
edges of the Huronian series, which in its turn unconformably overlies 
the Lower Laurentian. The Huronian is believed to be more recent 
than the Upper Laurentian series, although the two formations have 
never yet been seen in contact. · 

SELWYN, 30 in 1884, west ofWahnahpitae river, on the Canaqian Pacific 
railway, for 80 miles, finds Laurentian rocks, which consist ·of felsites 
or felsitic quartzites, thin bedded quartzites which hold angular frag
ments of granite and gneiss, diorite and diabase, with a series of coarse 
and fine fragmental beds varying in character from a fine ash to coarse 
agglomerate. • 

IRVING,46 in 1887, summarizes the information of the Canadian Survey 
with reference to the Huronian of lake Huron, and describes a contact 
near Thessalon river between the underlying gneissic series and the 
overlying Huronian. Here a basal conglomerate, containing partly 
rounded and angular fragments up to 2 feet in diameter, largely derived 
from the immediately underlying gneiss, rests directly upon the up
turned edges of the gneissic series. Such a contact indicates a great 
structural break, whether the underlying gneissic series is of eruptive 
or of sedimentary origin. If sedimentary, it must have been metamor
phose(~_ to its present crystalline condition and upturned before the frag
mentals were deposited upon it; if eruptive, its coarsely crystalline 
character shows that it belongs to the deep-seated rocks which must 
have crystallized at depth, and therefore has been subjected to great 
erosion in order that this class of rocks may be found at the surfaee. 
Such a contact is also found at two or three other points on the Algoma 
branch of the Canadian Pacific railway, and particularly at the vicinity 
of the mouth of Serpent river. Logan's 2 green, chloritic slate is coirl
posed of diabase sheets and a little interleaved fragmental material, 
perhaps partly volcanic ash. 

WINCHELL (N. H.),47 in 1888, describes many localities within the 
Original Huronian. Logan's chJoritic slates, as well as the greenstoneP, 
are regarded as accidental features, the former being a part of the basic 
eruptive rocks of the region. Vast outflows of greenstone cover mauy 
square miles in the Thessalon valley and constitute hill ranges as con
spicuous as those . of any hill rock in the region. This series is classified 
and parallelized with the Minnesota rocks, as follows: 
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Original Huronian. Minnesota equivalents. 

Otter Tail quart?:~te. ---------- ·----- --·· ·····- New Ulm, Pokegama and Waus-l 
Pewabic quartzite (f). 

Thessalon quartzite ...... ----·---·----·-···-··- waugoning quartzites. 
Black slate ....•....... - ........... ______ .... __ Animikie black slate. 
"Lithographic stone" and fine gray quartzite _.Not known. 
Re<l felsite ...••.....••...........•••..... _ .• _ .. :Felsites at Duluth and probably the 

Great palisaues. 
Mississagui quartzite ... _ ......... _ .•. ___ . __ ._.Not known. 
Slate conglomerate _. __ ..... __ .. __ ....... _ ..... Ogishki conglomerate. 

Obert and quartzite pebbles in the Thessalon quartzite lead to the 
inference that this is unconformably upon the black slate. The exist
ence of granite bowlders in the slate conglomerate indicates another 
unconformity between it and the granites of the region. In this latter 
case the evidence is conclusive. and in the former it is inconsi<lerable. 

WINCHELL (ALEX.),48 in 1888, also gives many observations upon 
the original Huronian. In the Huronian system is a large volume of 
eruptive rock with a great thickness of rocks of undoubted sedimen
tary origin, with an equal volume of an obscure slaty character. The 
latter appear to constitute the green chlorite schist of Logan, which is 
either an ancient or much altered eruptive or highly altered sedimen
tary material. The quartzites contain angular fragments of such a 
character that they seem to be derived from this diabase schist; and 
this circumstance countenances the theory that the latter are older and 
probably sedimentary in origin. The Huronian of Canada, in descend
ing order, is as follows: Otter Tail white quartzite, 4,000 feet; Thessa
lon red and gray quartzite, 5,000 feet; Otter Tail cherty limestone, 100 
feet; Upper Plummer conglomeratic and siliceous argillite, 500 feet; 
red felsite, granulite, and quartzite, 100 feet; lower conglomeratic and 
siliceous argillite, 7,400 feet; Bruce limestone, 100 feet; Mississagui 
vitreous quartzite, 3,750 feet. This succession includes neither the 
lower nor the upper limit of the Huronian. At St. Joseph's isla11d the 
Huroi1ian is immediately overlain by a fossiliferous limestone, appar
ently the Chazy. It thus appears that the Huronian is a system fol
lowing down ward immediately below the l.Jower Silurian, and if no 
interveuing terranes are wanting it occupies the position of the Taconic 
of Emmons and the Lower Cambrian of Sedgwick. The lower limit of 
the Huronian must be succeeded by a formation of vitreous quartz, red 
jasper, :tnd graywacke, besides greenstones, red granulite, red gneiss, 
mica-bearing granite, since fragments of all these are found in the 
Huronian. It may be that the quartzite pebbles are deriyed from the 
Missis"Sagui quartzite, but the red jasper and greywacke must have 
been derived from a terrane older than the Huronian and newer than 
the crystalline masses of the Laurentian. 

BoNNEY,49 in 1888, discusses the development of the crystalline 
schists in the neighborhood of Sudbury. The semicrystallines can be 
easily separated from the thoroughly crystalline rocks of the Lauren-
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tian. In the Huronian rocks two groups may be distinguished, one of 
which is slightly altered and the other very much more extensively 
modified. The sembrystallines are compared with those of like char
acter in Great Britain. 

BARLOW,50 in 1890, describes the relations between the Huronian 
and Laurentian north of lake Huron. At many localities the contact 
is found to be an irruptive one, the granite and gneiss intruding tl1e 
Huronian clastics. Very often the Huronian strata dip into or under 
the gneiss, although often the Huronian beds are superimposed upon 
the gneiss in perfect conformity, and occasionally gneiss is seen dipping 
away from the vertical Huronian strata. Huronian rocks are also seen 
resting unconformably upon the upturned edges of Laurentian gneiss. 
The Huronian strata are often metamorphosed where in contact ith 
the gneiss. These different phenomena are all explained by the later 
irruptive character of the gneiss. It is concluded that the Huronian 
system is the oldest series of sedimentary strata known in this region. 

BELL 51, in 1890, states that stretching from lake Huron to lake Temis
camang is the greatest area of Huronian rocks in Canada. The most 
prevalent rock in this region is graywacke, often c~mglomeratic. An
other rock of great abundance is a quartz-diorite. These two are the 
parent rocks of the Huronian. The quartzites and clay-slates are but 
phases of the graywacke. The rocks of this region show three ways by 
which gneiss may be formed, namely, by the direct conversion of the 
thin bedded or slaty varieties of graywacke, by the alteration of the 
mixed quartz and feldspar rock derived from other varieties of it, and 
by the alteration of the modified quartz-diorites. The dolomites are of 
a concretionary or segregated nature, derived from the hornblende and 
augite of the rocks with which they are associated. During the process 
of conversion from graywacke into syenite, strings and veins of mag
netite have formed. 

WINCHELL (ALEX.)52, in 1896, gives further observations on the orig
inal Huronian region. Northwest of Echo lake is found a series of 
argil1ites, slates, quartzites, and schists, which are frequently con glom . 
eratic and in one place contain outcrQi>S of hematite. These strata are 
close to a vertical attitude, strike nearly east and west, and resemble the 
Knife lake series and Ogishki conglomerates of Minnesota. These 
rocks can not belong to the same system as the quartzites, upper 
slate conglomerates, and limestone of the Huronian, which dip at an 
angle of 20°. There is here a genuine discordauce of stratification, and 
two series, n_ot one, as mapped by Logan. The lower system is the 
formation which occurs at Gros cap, Goulais bay, and Dore river, which 
was identified by Logan with the Huronian of lake Huron. The author 
is convinced also of their identity with the vertical strata in Minnesota 
and Canada known as the Keewatin system. It is also clear that these 
gnarled, green pebble slates are the prolongation of the lower slate con· 
glomerate of the Thessalon valley. 
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WINCHELL (ALEX.)53, in 1891, maintains that the Original Huronian 
is divisible into two unconformable series, the break occurring between 
the upper and lower slate-conglomerates, and the limestone belonging 
with the upper series. The descriptions of this region by Murray indi
cate that near lake W ahnapitae there is a stratigraphic unconformity 
between the upper and lower divisions of the Original Hnr01lian, as 
here the slate-conglomerates are in a nearly vertical attitude, while the 
newer members seldom have an inclination greater than 45°. In every 
instance in which the lower slate-conglomerate has been traced by Logan 
or Murray to the proximity of the gneiss these formations seem to be 
conformable in po8ition, though the actual juxtaposition was concealed. 
At Murray hill the slate-conglomerate has a dip to the southward of 
78o, while 2 miles south of this the slate-conglomerate has a dip of 40° 
towardS. 30° W. The first is regarded as the lower slate-conglomerate 
and the second as the upper slate-conglomerate. At the junction of the 
Sudbury branch of the Canadian Pacific railway with Vermilion river 
an arenaceous slaty rock, having a dip of 45°, rests on a different sehist 
having a different dip. At this locality, according to Lawson, the 
unconformity is similar to that at Penokee gap, Wisconsin. The lower 
rock is a fine micaceous gneiss or mica-sehist, and the upper rock is 
interbedded quartzite and gray argillite. At Echo lake is a series, in 
descending order, of slate-conglomerate and quartzite, with a clip of 
about 20c; after this is an interval of a third of a mile, and then ap
pears a quartzose slate-conglomerate comparable with the Ogishki con
glomerate; this is followed by quartzite, and this by alternations of 
quartzite, quartz-schist, and various slates, schists, and argillites, the 
series having a dip of 75° to 80° southwesterly, and being as a whole 
more crystalline than the upper system. It is concluded that the name 
Huronian must be restricted to the upper or lower system; and if re
stricted to the upper system it remains attached to the best known and 
most characteristic portion of the old complex Huronian. For the older 
system, not distinctly named until1886 as Keewatin by Lawson, the term 
Kewatian is proposed. 

BELL, 54 in 1891, describes the geology of the district of Sudbury. The 
main outlines of the great Huronian area of this region are given. 
Within this region are many inliers of gneiss and red quartz-syenite, 
which correspond with Laurentian types of rock, and it is uncertain 
whether they are protrusions of the older rocks from beneath or whether 
some of them may not be portions of the Huronian itself which have 
undergone further metamorphism. In the Sudbury district many of 
the areas consist of separate masses, like large and small bowlders, the 
interspaces being filled by a breccia with a dioritic paste, and suggest
ing that these rocks may be underlain at no great depth by diorite 
which was in a soft condition after the gneiss and syenite had been con
solidated. At some places within the syenite area, as, for example, 
about two miles west of Cartier, a massive fine grained rock like some 
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varieties of graywacke may be seen passing into thoroughly crystalline 
quartz-syenite. The rocks in greatest quantity, and those which con
stitute the lowest member of the IIuronian series between lakes Huron 
and Wc:~hnapitae, are quartzose graywackes and quartzites, with occa
sionally a little felsite. In this member of the series crystalline diorites 
occur as intruded masses, varying from a half a mile to ten miles in 
length. Also are associated obscurely stratified varieties of quartz
diorite and of dioritic and hornblendic schists, and also compact brown
weathering dolomite. The next member of the series in ascending order 
is a black volcanic glass breccia consisting of angular fragments crowded 
together. The highest rocks of the series, or those which occupy the 
center of the trough, are evenly bedded argillaceous sandstones or gray
wackes, interstratified with slaty belts an~ overlain at the summit by 
black slates. The stratified Huronian rocks, as well as the gneiss and 
quartz-syenite, are traversed by dikes of coarsely crystalline diabase, 
which are often large and can be traced for considerable distances. 

WINCIIELL (N. H.)/5 in 1891, gives further observations upon the Hu
ronian. Northwest of Sudbury and eastward from Algoma there are 
two formations. In both, the slate and slate conglomerate constitute 
the upper formation. In the Sudbury region the underlying rocks are 
largely felsitic, but are also occasionally micaceous and hornblendic. 
In the section eastward from Algoma the underlying formation seems 
to be the Mississagui quartzite, with interbedded green fissile schist, 
with mica-schist varying into hornblende-schist. Logan's Mississagui 
quartzite is supposed not to be Logan's lowest gray quartzite, but 
is probably a constituent part of the Keewatin. It is concluded that 
the observatious confirm, or at least do· not contravene, the conclusion 
that the Huronian system of the Canadian reports embraces two or 
three formations, one of these the true Huronian, first described and 
mapped by. Murray; another, the Keewatin of Lawson; and another, 
the series of crystalline schists styled the Vermilion series. 

PuMPELLY and VAN HrsE,56 in 1892, describe the relations of the Hu
ronian and Laurentian and also give evidence for the divisibility of 
the Huronian into two series as advocated by Winchell. 

In reference to the latter point, at a limestone quarry about 2 miles 
northeast of Garden river, the upper slate conglomerate was found in 
actual contact with the limestone member. This conglomerate has a 
rough appearance of stratification and bears numerous fra,gments of 
limestone, many of them more than a foot in length aml all in precisely 
the condition in which is now the original limestone. In this conglom
erate are also numerous fragments of schist au<l granite. The line of 
contact could be traced only a short distance, and it appears to follow 
somewhat closely the lamination of the limestone. These relations 
clearly indicate that after the limestone was deposited, betore the be
ginning of the time of the upper slate conglomerate, there was a con
siderable interval of erosion. The observations thus tend to confirm 
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Winchell's conclusion that the Laurentian is divisible into two dis
cordant series, the break occurring above the lower limestone. If this 
break shall prove to be general at this horizon, it places in the Lower 
Huronian, using Logan's. thicknesses for the formations, about 5,000 
feet, and in the Upper Huronian about 13,000 feet. 

Almost immediately below the limestone was found the lower slate 
conglomerate, which in lithological character is precisely like the slate 
conglomerate in contact with the granite below described. 

As bearing upon the relations of the Huronian and Laurentian, one 
new locality was found, and the contact described by Irving_ east of 
Tbessalon was again examined. About two miles northwest of Garden 
river the lower slate conglomerate of Logan was traced downward into 
a finely laminated semicrystalline .quartzose schist, and this downward 
into a basal conglomerate and recomposed granite which rests almost 
directly upon the solid granite. The major part of the debris of the 
basal bowlder conglomerat6 is derived from. the immediately subjacent 
granite. The evidence of erosive unconformability is thus of the clear
est character. The likeness of the slate conglomerate at this locality 
to that below the limestone, the metamorphosed character of the 
quartzose schist and the steepness of the inclination of the rocks all 
bear toward the correctness of Logan's mapping, that this slate con
glomerate is the lower one, and, if so, the unconformable contact is 
uetween the lower Sel!'ies of the Huronian and the granite. 

At the contact between the lower quartzite of Logan and the Lauren
tian east of Thessalon, described by Irving, it was found that the 
relations could be much more clearly seen than at the time the locality 
was visited by Irving, because the water was very low, and two islands 
upon which the contact occurs were then submerged. The Laurentian 
area does uot consist of simply granite or gneiss, as might be inferred 
from l;ogan's mapping, but is an intricate complex of granite, gneiss, and 
scl1ist. The granite has intruded the schist and fine grained gneisses in 
the most intricate manner. In many places large roundish fragments 
of schist or gneiss are contained in granite, and these have a decidedly 
water-worn appearance. However, in any given .area the fragments 
are always of material identical with that of the immediate adjacent 
gneiss or schist. In short, the rocks furnish one of the most beautiful 
illustrations of the relations described by Lawson between schists and 
gneisses and a later intrusive granite. Resting upon this complex 
was found a great bowlder conglomerate which differs radically in 
its character from the pseudo-conglomerates of the Laurentian. The 
peublcs and bowlders instead of being widely separated are packed 
cl0sely together. Within a very small area, a square yard or square 
rod, may be found all varieties of the material to be found within the 
basement complex: that is, many phases of crystalline schist, gneiss, 
granite, and granite-gneiss. On one of the islands in which the contact 
was seen, the line of separation is perfec~ly sharp and jrregular, bel).d-
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ing at one place at an angle of 50°. Also the foliation of the granite
gneisses abuts almost at right angles against the line of contact at one 
place. The contact here, then, has all the characteristics of one of erosive 
unconformability. Upon the second island, instead of a clear line of 
contact between the conglomerate and the basement complex there is 
an apparent gradation, the change occurring within 5 or 6 feet. Here 
the solid granite-gneiss is first broken; then in passing upward the an
gular fragments have moved somewhat; in passing still farther upward 
they become roundish and are mingled with extraneous material, until 
a bowlder conglomerate is reached which is in every respect like that 
before described. This relation is not uncommon when an encroaching 
shore-line overrides a rock formation. 

It is concluded that between the lowest members of the Original 
Huronian series and the granite-gneiss-schist basement complex which 
Logan has called Laurentian, there is the clearest evidence of a very 
great unconformity. Also, that the Laurentian series, instead of being 
·a simple one, consists of rocks of many different kinds and has a most 
complex history. 

SUMMARY OF RESULTS. 

Bigsby's Transition formation is that to which the term Huronian was 
later applied by Logan and Murray, and his description of this series 
is hence the earliest. From the first it is plain _that Murray does not 
consider the series as metamorphic, since it is excluded from the rocks 
to which that term is applied. It is also plain that the true nature of 
the interbedded greenstones was appreciated. Logan was distinctly a 
stratigraphical geologist, who believed in extreme metamorphism of 
sedimentary beds, yet he also clearly saw that the greenstones associ
ated with the fragmental rocks could not be regarded as other than 
of igneous origin. 

As to the relations of the Huronian and Laurentian north of lake 
Huron, Murray made the distinction in 1857 to rest upon age and upon 
lithological characteristics, the Laurentian being older and more com
pletely crystalline than the Huronian. While the Huronian and Lau
rentian by Logan and Murray are not described at any definite locality 
as ha"\-ing unconformable relations, the former states that the Huro
nian is a stratified series n,nd reposes discordantly upon the Lauren
tian system, and in 1858 he again clearly indicates the same thing by 
the statement that in the slate conglomerates are bowlders and peb
bles derived from the subjacent gneiss and that the lower formatior.. 
was consequently converted into gneiss and probably greatly disturbe~ 
before the upper series was laid down. In 1865, Logan further says 
that the Huronian unconformably overlies the lower Laurentian, antl 
is believed, although not found in contact with it, to be more recent 
than the upper Laurentian. These statements are emphasized by his 
sections published in 1869, which represent the Huronian as resting 
unconformably upon the Laurentian. The first to describe an actual 
contact between the underlying gneissic series and the overlying Huro· 
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nian was Irving, who in 1887 clearly showed that such an unconformity 
occurs. The observations of Pumpelly and myself reenforce this con· 
elusion and show that between the lowest member of the Huronian and 
Laurentian complex is a very great discordance. 

The facts given by Barlow, taken in connection with the foregoing, 
show that he bas neglected to differentiate the clastic rocks of the 
Huronian, from the more ancient underlying crystalline gneisses. Also, 
he has failed to separate an earlier granite-gneiss from a later intrusive. 
That a part of the granite is eruptive, of later age than the Hnr01tian, 
was as well known to Logan and Murray as to Barlow. These early 
geologists recognized both a later granite and a granite-gneiss baseme11t 
complex upon which the Huronian was deposited, while the latter 
failed to make this fundamental discrimination. He saw the former 
and assumed that this covered the entire ground. 

As to the position taken by Alexander Winchell, that the Original 
Huronian is divisible into two unconformable series, it may lJe 
remarked that the locality in which the strongest evidence for this is 
given, Echo lake, is on the outskirts of the area mapped in detail lJy 
Logan and Murray. Before accepting the conclusion that these geolo
gists, in their careful work extending over several years in the area of 
the Original Huronian, have overlooked a great unconformity and lw ve 
misunderstood what part of the area is covered by lower slate con
glomerate and what by upper slate conglomerate, we ought to have tlte 
most deciRive evidence. However, the observations of Pumpelly and 
myself tend toward the correctness of Winchell's :first conclusion. At 
least between the limestone and the upper slate conglomerate, in placcH, 
there has been a considerable erosion interval. That with the Huro11ian 
in the more general work of later years Logan and Murray placed two 
discorda11t series is certain. The same was done by the geologists on 
the south shore of lake Superior, and in view of this very commou ref
erence it is stated in another place that for these two series the terms 
U ppcr Huronian and Lower Huronian are used. If it is really the case 
that in the Original Huronian of the north channel of lake Huron, in 
the area covered by the detailed map of 1863, two discordant series do 
exist, this suggestion is eminently appropriate. 

Great indisputable results were reached by the early Canadian 
geologists, Logan and Murray. This di:strict north of lake Huron was 
the ftrst in which it was shown that an unmistakable detrital anu 
little metamorphosed series of rocks rests unconformably under tho 
upper Cambrian. Also it was shown that this series is of such a char
acter that the ordinary stratigraphical methods apply, and Logan and 
Murray were able to subdivide it into formations upon a lithological 
basis in the same fashion as is done in fossiliferous series. This is so 
evident that it would not be emphasized if it had not been denied. 
Far more to the credit of Logan and Murray is the recognition of the 
character of the amygdaloids and the interbedded greenstones. No 
extreme metamorphic theory was applied tQ them, a_nd they were dis-
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tinctly regarded as an exception to the ordinary stratigraphical laws 
and separated both in descriptions and mapping. This is the more 
creditable because for many years afterwards similar rocks were sup
posed by many other writers to be parts of the stratified successions in 
a completely metamorphosed condition had caused them to become 
crystalline. Finally it was recognizedthat this Huronian series rests 
unconformably upon an older gneissic and granitic crystalline series, 
which has yielded abundant fragments to the overlying rocks. 

To the person who hypothecates that all pre-Cambrian rocks are 
wholly crystalline and that all truly detrital rocks are Cam brian or 
post-Cambrian, these conclusions prove only that inferior to the Pots
dam sandstone, and separated from it by a great unconformity, is a 
series of rocks of great thickness, having a number of persistent mem
bers of varying lithological character, which are lower Cambrian. But 
this position does not lessen the value of the work done; for it would 
still be true that the Huronian series was the first so low in the geolog
ical column in which the above facts were shown. 

The only rocks in the Original Huronian area which Logan correlated 
with tho~e of the Original Laurentian area are the unconformably under
lyiHg granitic and gneissic series. These were called lower Laurentiau, 
the idea being evidently to correlate them with the lower non calcareous 
division of the Original Laurentian. This CoiTelation was plainly made 
on the grounu of lithological likeness. That the Huronian is more 
recent than the upper Laurentian was stated only as a belief. Tllis 
belief appears to have been based upon the "nonmetamorpltic" char
acter of the Huronian as compared with the upper Laurentian. It is 
also possible that the fact that there is a structural break on the north 
shore of lake Huron, between the Huronian and the gneissic series, 
whereas no such break was found between the upper and lower divis
ions of the Original Laurentian, had an influence in leading to this 
conclusion. 
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CHAPTER II. 

LAKE SUPERIOR REGION. 

SECTION I. WORK OF THE OFFICIAL GEOLOGISTS OF THE CANADIAN 

SURVEY AND ASSOCIATES. 

BIGSBY,1 in 1825, describes in detail the rocks at many _points along 
the north shore of lake Superior, between the falls of St. Mary aud 
Grand Portage, an interval of 445 miles. The varieties of rocks are 
few in number when compared with a similar extent of country in 
Europe. Ofmica-sla.te, clay-slate, etc., not a vestige was found, not even 
in debris, nor of any secondary deposits above the Mountain lime::;tmte. 
Sandstone, under various modifications, occupies tlie greatest space; 
in intimate connection with the next prevailing rocks, the amygdaloius, 
porphyries, and greenstone trap. The alternating granites and green
stones of the northeastern and eastern coasts are nearly equal in quan
tity to these. The granites and syenites are not stratified. The por
phyry, amygdaloid, and sandstone are considered contemporaneous and 
newer than the granites, although not much, as indicated by the transi
tions and alternations occurring about Gargantua. The age and con
nections of the greenstone trap the author is not prepared to ~tate. 
The sandstone is most probably Old Red, a conclusion reached from the 
materials composing it, and its direct superposition on inclined rocks in 
this and other great lakes of the St. Lawrence and because it supports 
a fossiliferous limestone full of productre, turbinolire, caryophyllim, 
trilobite~, conularire, encrinites, and orthoceratites, etc. The granite 
and syenite seem to be of the same age and belong to the transition or 
to the youngest of the primitive. 

On the old route from lake Superior to the lake of the Woods (for 
430 miles) is an alternation of chloritic greenstone and amphibolitic 
granite, but at and toward the lake of the Woods the greenstone 
passes mto gneiss, and mica-slate, traversed in many ways and in great 
quantities by graphic granite. 

BAYFIELD,2 in 1829, gives an outline of the geology of lake Superior. 
The rocks of the lake are divided into four divisions: First, the inferior 
order, comprising granites, which almost always contain more or less 
hornblende. In this division neither gneiss nor mica-slate was met 
with, although the gr~nite by the abundance of its mica or lamellar 
structure may for a short distanc~ assume the appearance of either. 
Second, the submedial order, which includes greenstones, common 
jaspery variety of greenstone slates, flinty chlorite, taJcose slate, and in 
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one place alone transition limestone, with perhaps traces of graywacke. 
Third, trap or overlying rock, the most of which is amygdaloid; various 
kinds of porphyry are next in quantity; then trap, greenstone, symlites, 
and pitchstone. Fourth, the medial order, the only rock of which is 
the Old Red sandstone. Then follows an account of the distribution 
of each of these orders. The amygdaloid with little doubt rests upon 
the syenite and granite, although the junction was never seen. The 
amygdaloid passes into greenstone on the one hand simply by being 
divested of its nodules, and into porphyry on the other. The Old Red 
sandstone may be traced from one extremity of the lake to the other. 
Its existence is noticed on both shores, and it is traced across the lake 
by many of the islands, so as to leave no doubt of its being a general 
formation throughout the whole of the basin of lake Superior. It is 
generally horizontally stratified or nearly so. There are many instances 
of the conjunction of the sandstone and granite, which serve to prove 
that the sandstone was deposited after the granite occupied its present 
position. The sandstone, when conglomeratic, as is very frequently 
the case, contains fragments of the trap as well as of the inferior order, 
which are rounded by attrition, and it is therefore plain that the sand
stone is later than the trap rocks. Organic remains were sought in 
this rock, but never discovered. It is placed as the Old Red because 
of its position immediately on the granite, its structure, and component 
parts. 

BA YPIELD, 3 in 1845, places with the Primary rocks most of the clas
tics on the north shore of lake Superior. These are cut by various 
greenstones. A red sandstone forms nearly the entire southern bound
ary of the lake. In places it is shattered by the upheaval of granite 
and by trap rocks which enter into the composition of its conglomer
ates. At Nipigon bay it is overlaid by an immense bed of greenstone. 
It is probable, although not certain, that this sandstone underlies the 
fossiliferous red sandstone of St. Marys. 

LoGAN,4 in 1847, in a report on the geology and economic minerals uf 
lake Superior, gives an account of a rather detailed examination of the 
north sbore of lake Superior from Pigeon river to Sault Ste. Marie. 
Michipicoten island was also examined. Lake Superior appears to be 
set in a geological depression, which presents formations of a similar 
character on both the north and south sides, dipping to the center. 
The series on the north, in ascending order, consists of the following: 
(1) Granite and syenite; (2) gneiss; (3) chloritic and partially talcose 
and conglomerate slates; ( 4) bluish slates or shales, interstratified with 
trap; (5) sandstones, limestones, indurated marls, and conglomerates, 
interstratified with trap. The gneiss is succeeded by dark gTeen slates, 
which at the base appear to be occasionally interstratified with beds of 
the subjacent granite and gneiss. These slaty beds at times have the 
quality of a greenstone, at times a mica-slate, and a few are quartz 
rocks. Higher in the series are conglomerates, the pebbles of which 
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are all apparently from hypogene rocks. Formations 4 and 5 rest un
conformably upon 1, 2, and 3, having sometimes basal conglomerates, 
the pebbles being of quartz, red jasper, and slate. The upper part of 
3 strongly resembles the upper slates at lake Temiscamang. The suc
cession of conglomerate and pebbly slates at Gros cap has a total 
thickness of 1, 700 feet. In group 5 are the succession of rocks at 
Michipicoten island, a portion of those at Thunder bay, and at other 
localities. At l\iichipicoten the thickness of the interbedded volcanics 
and water-deposited clastics is .not less than 10,000 or 12,000 feet. 
Group 5 exhibits an unconformity to the granite. The conclusion that 
the copper-bearing series is older than the Potsdam sandstone arrived 
at by Houghton in 1841, is thought to be probably true. 

MuRRAY,5 in 1847, in an account of the Kaministiquia and Michipi
coten rivers, divides the geological formation into three groups: (1) 
Granite, syenite, gneiss, micaceous and chloritic schist; (2) blackish 
argillaceous slates, with associated trap; (3) drift clays and sands. At 
the portage of the Kaministiq uia a massive syenite passes into a gneiss
oid syenite, upon which rest conformably dark colored altered slates, 
one rock passing imperceptibly into the other. The junction of 1 and 2 
was not observed. 

LoGAN,6 in 1852, finds the rocks of the north shore of lake Superior 
to have the following succession: Granite, syenite, and gneiss, or mi
caceous and hornblende-gneiss, which are succeeded by chloritic and 
talcose slates, interstratified with obs~ure conglomerates with a slaty 
base. Upon these rest unconformably bluish slateR. with belts of chert 
and limestone toward the bottom, and thick flows of greenstone trap at 
the top. Above these are alternations of sandstones, conglomerates, 
amygdaloids and traps, the whole thickness of the upper series above 
the unconformity being not less than 12,000 feet. The conclusion is 
reached that this upper series is the equivalent of the Potsdam sand
stone, which rests unconformably upon the tilted beds of the lake 
Huron series, and that both are contemporaneous with the Cambrian 
series of the British isles. 

BrGSBY,7 in 1852, finds the crystalline strata of the lake of the Woods 
to conform in strike with those several hundred miles southward on 
the river Mississippi. Granite occupies the axis in the northeast part 
of the lake of the Woods, and is always the lowest rock, the gneiss, 
mica-schist and greenstone dipping away from it on both sides. Green
stone is perhaps the most abundant rock in this part of the lake, and 
greenstone conglomerates are found which contain black masses of 
greenstone lying with their greater length parallel to the strike. The 
granites and mica-slates are intimately associated, and the granite in
cludes greenstone in a thousand tortuous masses; tongues, and slender 
veins. Also the granite is cut by greenstone. 

BrGSBY,S in 1852, divides the rocks about lake Superior into (1) Meta
morphic, including greenstone, slates, schists, gneisses, quartzites, 
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jaspers, and crystalline limestones; (2) aqueous, including the calcifer
ous and Cambrian sandstones and conglomerates; (3) igneous, includ
ing granite, syenite, and trap. The lake is a trough or basin of Cam
brian or Silurian sandstone, surrounded by two irregular and imperfect 
zones, the inner consisting of traps with conglomerates, the outer, of 
metamorphic, flanked by igneous rocks. The metamorphic rocks, with 
the exception of quartzite and jasper, the oldest in the lake, support 
unconformably the sandstone. These rocks have been upheaved and 
altered by the intrusion of igneous rocks. The sandstone is generally 
horizontal, except near the intrusive rocks, where it rises at high 
angles and passes into jasper, porphyry, gneiss, or quartzite. The con
glomerate is of the same age as much of the sandstone, and is between 
it awl the trap; and there is reason to believe that the sandstone is 
interleaved with trap. The igneous rock, granite, everywhere forms 
the nucleus of the anticlinal axes. The trap rocks are divided into 
crystn.Iline mountain masses-sometimes anticlinal and syenitic; into 
bedded traps; and into dikes intersecting igneous and metamorphic 
rocks; but all are portions of one long series of volcanic operations. 

BrGSBY, 9 in 1854, finds the geology of Rainy lake to be as follows: 
Chloritic and greenstone slates, gneiss and mica-slate, in proportional 
quantities in the order here sttt down, seem once to have occupied the 
lake btisiu, with an ENE. strike, and a NNW. dip, at a high ang-le 
usually. But subsequently a very extensive outburst of granite, with 
some syenite, has taken place, to the great disturbance of the stratified 
rocks, and penetrating them both in intercalations and crosswise. 
These intrusive rocks occupy a very large portion of the lake, most of 
the western shore, nearly all the eastern trough or arm, and much of 
the east end of the lake about Stokes and Hale bays. Intercalations 
of syenite and hornblende-greenstone are frequent, and so is the occur
rence of veins of porphyritic granite traversing the gneiss in all direc
tions. The chlorite-slate greenstone, gneiss, and mica-slate are con
formable with each other. 

DAWSON (SIR WILLIAM),10 in 18.57, finds between Sault Ste. Marie 
and Mamainse three of the oldest formations in .America or the world. 
Beginning at the top are: (1) Potsdam sandstone; (2) an enormously 
thick formation of conglomerates, sandstones, slate, and trap, consti
tuting the Huronian series of Logan; (3) a still older Laurentian series, 
represented here principally by syenitic rocks which have afforded the 
material of the Huronian conglomerates. The sandstones and con
glomerates of the second series probably unconformably underlie the 
Potsdam sandstone, as is indicated by their high inclination and dis
turbed condition. 

LoGAN, 11 in 18G3, finds on the north shore of lake Superior crystal
line stratified rocks which occur in extensive tracts about Rainy lake 
and lac la Croix, as well as adjacent to lake Superior, which are probably 
of Laurentian age. There are three areas of Huronian along the 
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northeast coast of lake Superior, and a narrow strip of Huronian rocks 
are seen along Thunder bay. 

The Laurentian gneiss is succeeded by green or gray slates, which at 
the base appear to be interstratified with feldspathic beds of the red
dish color belonging to the subjacent gneiss. Rising in the series the 
dark green slates become interstratified with layers holding a sufficient 
number of pebbles of different kinds to constitute conglomerates. It 
often happens, unless the pebbles are of white quartz, that they are 
very obscurely distinguishable on fracturing the rock, both the pebbles 
and the matrix having a gray color, and showing very little apparent 
difi'erence in mineral character. 

The Dore section, composed of strata inclined only 10° or 15° fi'om 
the vertical, 1, 700 feet thick, consists mainly of green slate rock and a 
green slate conglomerate, the pebbles being of granite, gneiss, syenite, 
etc., and some of the bowlders of which are a foot in diameter. At the 
Dore the lower part of the section assumes more the character of a 
gneiss and becomes interstrati:fied with fel<lspatbic layers. The Lau
rentian appears to be conformable with and to grade into the Huronian 
on the Kaministiquia river. 

The IIuronian formation of lake Superior is unconformably overlain 
by a secoud series of copper-bearing rocks, which may conveniently be 
divided into two groups, the lower consisting of bluish slates or shales, 
interstratitied with chert beds, sandstones and trap, and the upper con
sisting of a succession of sandstones, limestones, marls, and coJJglom
erates, also interstratified with trap which is often amygdaloidal. At 
the top of the lower gro11p is a crowning overflow of trap 200 or 300 
feet thick and the whole of it has a thickness of 1,500 or 2,000 feet. 
The upper group contains a great quantity of trap layers and has au 
enormous trappean overflow, the total volume having a thickness of 
between 6,000 and 10,000 feet. Dike rocks, consisting of greenstone, 
porphyry, and syenite, are found to be of two ages. The lower group 
composes the. whole country, both islands and mainland, between Pigeon 
river and fort William. The upper group occupies the coast and islands 
from the south side of Thunder cape to the east end of Battle islands 
east of Nipigon bay. It also covers a large part of isle Royale aud 
Michipicotcn, at which latter island the total volume of the fornmtion 
is at the most moderate estimation 12,000 feet. Upon the east coast of 
lake Superior this group is found at cape Choyye, cape Garga,ntna, 
point aux Mines, Mamainse, where the breadth across the measures is 
suflicient to give a thickness not far from 10,000, and at three other 
places on the coast between the last point and Sault Ste. Marie. 

As to the age of this series, the fact that the generally moderate dips ot 
the red sandstone at Sault Ste. Marie contrasts with the higher inclina
tions of the copper-bearing rocks, while non8 of the many dikes are 
known to intersect the Sault Ste. Marie sandstone, leads to the suspicion 
that the latter may overlie unconformably the rocks which, associated 
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with the trap, constitute the copper-bearing series. The affinities of 
the Sault Ste. Marie red sandstone appear to bring it into the position 
of the Chazy rather than the Potsdam formation, and, if this were es
tablished, the copper-bearing portion of the lake Superior rocks might 
reasonably be considered to belong to the Calciferous and the Potsdam 
formations. 

MACFARLANE, 12 in 1866, gives observations on the Laurentian, Hu
ronian, and Upper Copper-bearing rocks of lake Superior. The Lauren
tian series on lake Superior seems to differ somewhat from other parts 
of Canada. The rocks are all high1y crystalline, seldom thoroughly 
gneissoid, and all are unaccompanied by crystalline limestone, ,which is 
such a marked feature in some Laurentian districts. The gneiss strata 
are much contorted and are intersected with granite in almost equal 
quantity with the gneiss itself; and although this latter occurs in ineg
ular vein~, at the point of junction it is as firmly cemented with the 
gneiss as any two pieces of one and the same rock could well be. On 
the Goulais bay fragments of hornblende rock or schist up to 3 feet in 
diameter are inclosed in a coarse grained syenitic granite. In this series 
the oldest rock is the most basic in constitution, and this is the case 
without regard to mineralogical composition or structure of the rocks 
associated together. The indistinctness of parallelism in the rocks ren
ders it a matter of extreme difficulty to form any clear ideas as to their 
succession, even if such should exist. Besides the above rocks there 
are considerable areas of granite, syenite, dolerite, diorite, and mela-
phyre found in the Laurentian. . 

The rocks of the Huronian system consist in large part of diabase, 
amygdaloid, diabase-schist, greenstone, breccias, and slaty greenstones. 
Interstrati:fied with these are slate, slate conglomerate and quartzite. 
The bowlders and pebbles of the conglomerate of Dore river are for the 
most part granite; they are elongated and flattened, the pebbles some
times being scarcely distinguishable from the slate. Granitic veins or 
masses, like the Laurentian, are found in the schistose greenstones, 
which are regarded as belonging to the Huronian. As to the succes
sion of the. strata, the author is as much at a loss among the irregular 
schistose Huronian greenstones as among the gneissoid granites of the 
Laure11tian. 

The Mamainse section of Upper Copper-bearing rocks consists of 
interbedded basic lava flows, often amygdaloidal, sandstones, and con
glomerates, the total thickness being more than 16,000 feet. The total 
thickness of the series at Mamainse and Michipicoten is believed to be 
at least 20,000 feet. As to the relations of the horizontal Sault sand
stone to the upper copper bearing series, a place was found on the south 
of point aux Mines where the Mamainse series adjoins the Laurentian 
rocks. The lowest member of the former is unconformably overlain by 
thin betided bluish and yellowish gray sandstone, striking N. 500 E., 
and dipping 18° NW. The lowest layer is a conglomerate with granitic 
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and trappean bowlders, and is followed by thin bedded sandstones, and 
these by thin shaly layers. 

MACFARLANE, 13 in 1868, describes the rocks of the north and east 
shore of lake Superior. He here finds four formations-the Laurentiau, 
Huronian, Upper Copper-bearing rocks, and St. Mary sandstone. The 
most prevalent rocks of the Laurentian series are of a massive crystal
line character, more of a granitic than of a gneissic nature. Almost 
equally frequent with the granitic and gneissic rocks are aggregates of 
rocks which can be described as brecciated and intrusive, gneissic, 
granitic, and syenitic rocks. In these the order of age is always from 
basic to acidic. In one case fragments of hornblende-schists are found 
inclosed in syenitic granite, which is cut by granite dikes of different 
ages. It is believed that these rocks are wholly of igneous origin, rep
resenting a single period of time-the basic rock first solidified; they 
were then rent off, broken up, and the crevices filled ·with more siliceous 
material, which gradually solidified, after which occurred another gen
eral movement with further intrusion of the most siliceous materials. 

In the Huronian series is placed diabase, augite-porphyry, calcareous 
diabase, diabase schist, greenstone and greenstone slate, chlorite-schist, 
quartzite, hematite, greenstone breccia, and slate-conglomerate. The 
slate conglomerates frequently contains granite pebbles which are in 
roundish, lenticular, bent, long-drawn out masses, with a diabase-schist 
or greenstone-slate matrix. These rocks locally have a sedimentary 
appearance, but are believed to be due to the subsequent intrusion of the 
Huronian rocks, which have caught granite fragments in them, and, by 
movement and heat, have softened and much distorted the contained 
fragments. It follows that far the greater number of the Huronian 
rocks are regarded as purely igneous. 

In the Upper Copper-bearing series are distinguished melaphyre of 
various kinds-mela phyre breccia, porphyrite, porphyritic con glomerate, 
felsite-tuff, polygenous conglomerate, and sandstone. The polygenous 
conglomerate contains, at Mamainse, fragments chiefly of granite, gneiss, 
quartzite, greenstone and slate, while some of the newer contain abun
dant bowlders .of melaphyre and amygdaloid. The igneous rocks and 
sandstones are regularly interstratified with each other. In many places 
the trap lies unconformably upon the upturned and contorted edges of 
the sandstone . 

.Along the coast and upon many islands is found an almost horizontal 
red sandstone, which is supposed to be a continuation of the Sault Ste. 
Marie sandstone. Its relations to the copper-bearing rocks are not 
clearly made out, but the lowest members of the Mamainse series, are 
unconformably overlain by sandstones which may be the equivalent of 
the horizontal red sandstones, but their lithological character is differ
ent. It is suggested, on lithological grounds, that this red sandstone 
may be of Permian age. 
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MACFARLA.NE,14 in 1869, describes at Thunder cape a series of inter
stratified argillaceous and white and red dolomitic sandstones, which 
had been disturbed and eroded before the flow appeared. which forms 
the summit rock of the cape. 

BELL,15 in 1870, gives an account of the geology of the northwest 
coast of lake Superior and the Nipigon district. The copper-bearing 
rocks are divided into a lower group and an upper group, and each of 
these groups separated into several divisions. In the upper group only 
is found interbedded trap. Different portions of this series are fonnd 
overlying unc011formably in certain places the Laurentian and in 
others the Hurouian; and the great trap overflow which crowns Thun
der ca1)e rests in various places unconformably upon different mem
bers of both the upper and lower groups of the Upper Copper-beariD:g 
series. On account of the great thickness of this series, the absence 
of fossils, the prevalence of marls and sandstones cl1arged with red 
oxide of iron, aud of basalts, amygdaloids, and trap rocks;and various 
zeolites and native copper, this series is considered as probably of 
Permian or Triassic age. Between the margin of the Upper Copper. 
bearing rocks on Thunder bay and the Laurentian range, all the country 
not occupied by the syenitic areas appear to be composed of rocks of 
the Huronian series, consisting of diorites, dioritic conglomerates, horn
blendic and fine grained micaceous slates, with some quartzites. 

BELL/6 in 1872, finds in the country north of lake Superior, between 
Nipigon and Michipicoten rivers, both Laurentian and Huronian rocks. 
The former includes gneisses and granites, and the latter includes 
slates, conglomerates, massive and schistose diorites, fine graiued 
gneisses, mica-schists, micaceous, hornblendic, chloritic, feldspathic 
and epidotic schists, slates, granites, and iron ore. The Huronian rocks 
dip in various directions. At White river hornblendic schist and light 
gray gneiss. are interstratified with massive granitic gneiss, and similar 
schists appear to rest conformably upon massive gneisses for a long 
way north of the river. 

BELL,17 in 1872, finds in the country between lake Superior and the 
Albany river areas of Laurentian and Huronian rocks. Between 
Mousewake lake and Martins falls bands of gneiss are interstratified 
with the schists, and just at Martins falls the latter have become en
tirely replaced by red and gray gneisses, apparently showing a con
formable passage from the Huronian into the Laurentian rocks. A 
similar blending of these formations was noticed last year in tbe neigh
borhood of White lake. 

SELWYN, 18 in 1873, finds, between Mille Lacs and Separation lake and 
the lake of the Woods, a series of parallel bands of schistose anu slaty 
layers where hitberto was supposed to be almost exclusively the 
Laurm1tian gneiss. The facts observed lead to the conclusion, as 
stated by Bell, that the two series are in conformable sequence; yet it 
is far from improbable t.hat this apparent conformity is only local ant.l 
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thnt a more extended and detailed investigation of the structure would 
show that there is in reality a very considerable break between the 
Laurentian gneiss and the overlying schistose and slaty strata referred 
to the Iluronian rocks. The evidence as to the age of these latter is 
not satisfactory. They resemble as closely the altf'n:d rocks of the 
Quebec group as they do the Huronian of lake Huron and Superior. 

BELL, 19 in 1873, :finds in the country between lake Superior and lake 
Winnipeg rocks belonging to the Laurentian, Huronian, and Upper 
Copper-bearing series. The southern shores of lake of Mille Lacs are 
composed of Huronian strata. The Laurentian gneiss and Huronian 
schists at many places alternate with each other. The junction of the 
Laurentian rocks on the north with the Huronian schists on the south 
occurs at Rat portage on the lake of the Woods. The two rocks are 
seen almost in contact with each other and have the same strike and 
dip. The rocks classified as Huronian consist principally of a great 
variety of crystalline schists in which a greenish color prevails. In 
addition to these are grayish quartzites and schists, sometimes with 
iron ore, diorites, imperfect gneisses. The areas of granite and syenite 
in the region, which vary from patches to areas many miles in length, 
are always more or less intimately connected with the Huronian bands. 
The distinction between the Laurentian and Huronian rocks is chiefly 
of a lithological character, the Huronian appearing to succeed the 
Laurentian conformably. The Upper Copper-bearing series, composed 
of slates, marls, sandstones, and traps, lie nearly horizontally on the 
edges of the Laurentian and Huronian rocks. 

HuNT,20 in 1873, applies the name A.nimikie group to the lower divis
ion of Logan's Upper Copper-bearing series of lake Superior as it occurs 
at Thunder bay, where it includes dark colored argillites and sandstones 
overlain with a slight discordance by red and white sandstones appar
ently the same as those of the Keweenaw district. The dark colored 
sediments of the Animikie group rest directly upon the edges of the 
crystalline Huronian schists and are cut by g-reat dikes of diorite. The 
great Keweenaw group, with its cupriferous amygdaloids, is here absent, 
although met with a few miles to the eastward. This group, as shown 
by Brooks and Pumpelly, occupies a place between the Huronian schists 
a;nd the nearly horizontal red and white sandstone of the region, which 
is itself below the Trenton limestone. 

BELL,21 in 1874, in the country between the Red river and the South 
Saskatchewan, :finds extensively mica-schists and gneisses; but a broad 
band of schist, having the character of the Huronian formation, crosses 
the central part of Rainy lake. On the islands of the lake of the Woods 
the grn 11ites, gneisses, and Huronian schists are intricately mingled with 
each otlter. 

DAwsoN (G. M.)22, in 1875, gives an accour1tofthe geology of the lake 
of the Woods, where the rocks are wholly Laurentian and Huro11ian. 
Tht~ Laureutia.n fonnatio11 is represented by a great thickness of gr:mit-



60 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (DULL.86. 

oid and thick-bedded gneisses, which pass upward into thin-bedded 
gneisses and highly crystalline micaceous and hornblendic schists. 

The Huronian rocks are more variable in character. The lowest beds 
are, for the most part, hard green rocks, with little traces of stratifica
tion, but hold some well stratified micaceous and chloritic schists and 
also imperfect gneiss. On these rest a great thickness of massive beds 
characterized by the predominance of conglomerate, but including 
quartzites and dioritic rocks. .Above these is an extensive series of 
schisto::;e and slaty beds generally more or less nacreous and chloritic .. 
or talcose, but often hornblendic and micaceous. They inclose also con
glomerates, quartzites, and diorite beds. It is believed two movements 
have conspired to form the present features of the region, both being 
post-Huronian. The :first of these is connected with the post-Huroniap. 
granite eruptions; the second and more important is believed to have 
taken place later, and to it is supposed to be due the parallelism in the 
folding of the Laurentian and Huronian rocks. At Rat portage the 
junction of the Laurentian and Huronian is so sharply defined that the 
hand can be laid upon it. This sharp contact is believed to be due to 
faulting. .Adjacent to the granite the Huronian slate series is meta
morphosed, and the occasional gneissic aspect of the Huronian is attrib
uted to the granitic intrusions. The large Y -shaped granite mass in the 
north west angle, in contact with the altered sedimentary rocks, assumes 
a more basic character and a darker aspect, becoming blackish gneissic 
diorite and gray syenitic diorite. The conglomerate beds are of immense 
thickness and could perhaps be best described as slate conglomerates. 
The pebbles generally resemble the matrix, and best appear upon a 
weathered surface; for on a freshly broken surface no clear distinction 
appears between the fragments and the inclosing materials, and the 
rock differs from the more compact altered schists and slates only in its 
rougher surface of fracture and a somewhat spotted character. The 
greenstone conglomerates of Bigsby resemble roughly fractured pieces 
of diqrite in a dioritic paste. The quartzites show a tendency to run 
into conglomerates, and certain of the conglomerates have an aspect of 
a volcanic breccia. There is an entire absence of any granitic or gneissic 
beds in the conglomerates and breccias, and in this respect these Huron
ian rocks differ from the typical area. It is suggested that this fact 
may mean that the formation of the whole Huronian series took place 
subsequent to that of the typical Huronian, and therefore are perhaps 
more nearly equivalent to those of the Quebec group. ~rhe granitoid 
gneisses and intrusive granites are universally cut by veins of red 
orthoclase feldspar associated with quartz; and basic diorite dikes cut 
both the granitic and altered Laurentian rocks. 

BELL,n in 1875; describes on the north shore of lake Superior the 
Laurentian, Huronian, and Upper Copper-bearing rocks. The Huron
ian occupies a large extent of country, alternating with bands of Lau
rentian, ou both the north and south shores of the lake. North of lake 
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Superior the Laurentian rocks consist for the most part of gray and red
dish gneiss, with micaceous belts and mica-schists. In the same region 
the Huronian rocks are mostly of a schistose character, the most com
mon of which are greenish schists and imperfect gneisses, which include 
micaceous, hornblendic, dioritic, porphyritic, sDiceous, cherty, chloritic, 
felsitic, and argillaceous schists; more rarely dolomitic schists, and 
occasionally bauds of magnetic iron ore and hematite. Connected with 
the Huronian rocks are various patches of granite and syenite which 
show no stratification. In the Nipigon basin the Upper Copper-bear
ing rocks have their maximum development in Canadian territory. The 
basin consiRts of marls, sandstones, often covered with trappean out
flows. For this Upper Copper-bearing series the term Nipigon group 
is proposed. 

BELL/4 in 1876, finds on lake Winnipeg extensive areas of Lanre1I
tian gneiss and Huronian schist. The run of the stratification is pretty 
uniform, averaging from 50° to 60° south of east, being almost at right 
angles to the general strike of the Laureutian and Huronian rocks in 
the great region north and northwest of lake Superior. 

BELL,25 in 1877, describes the rocks from the head of Moose river to 
Michipicoten and lake Superior; also along the Goulais river. Beiore 
reaching lake Superior there are several broad alternating belts of Lau
rentian gneiss and Huronian schist. The Huronian hornblende and 
mica-schists are cut by granite veins of various sizes, one of them 100 
feet thick. On the Goulais river there are again alternations of I:Jau
rentian and Huronian rocks. 

BELL,26 in 1878, gives observations o~ the geology of the east slwre 
of lake Superior from Batchawana bay to Michipicoten river. The 
Upper Copper-bearing series of Mamainse is calculated to have a thick
ness of 22,400 feet. It consists of a great variety of amygda1oids, vol
canic tufas, felsites, cherts~ crystalline diorites, sandstones and coarse 
conglomerates, the latter forming one of the most striking features in 
the series as it passes into a bowlder conglomerate. The bowlders are 
sometimes crowded in a sandy matrix, the largest running as high as 
3 feet 8 inches in diameter, but the majority are under 1 foot. Far the • 
greater number consist of granite and crystalline schists like those of 
the Huronian series, but there are also found white quartz, amygdaloid. 
and gneiss. Granites, gneisses and schists, as well as basaltic dikes, 
are fonJJd at many points. Cape Choyyeis composed of Huronian rocks, 
which consist of mica-schists and hornblende-schists, slaty quartzite, 
and. massive diorite. The rocks of Gros cap are mostly slaty diorite, 
interstratified with siliceous rock, in which occur exposures of purplish 
red hematite. A dioritic slate west of Gros cap holds layers and len
ticular patches of felsite and also rounded pebbles of granite, the 
largest of which are 9 inches in diameter. 

MACFARLANE, 27 in 1879, in discussing Selwyn's paper on the Quebec 
group, maintains that there is frequently found between the water and 
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the Laurentian or Huronian hills narrow strips or patches of rocks of 
the Upper Copper-bearing· group. Such localities are Gros ca.p, south 
shore of Batchawana bay, and cape Gargantua. The conglomerates 
are full of Huronian debris, and in Batchawana bay bowlders may be 
observed of red jasper conglomerate, the characteristic rock of the 
typical Huronian. On Michipicoten island the igneous and sedimeu tary 
strata of the Upper Copper-bearing rocks have a dip of 25° to the 
southeast, while the nearest Huronian rocks dip 340 to 5.)o northward. 

BELL,28 in 1883, gives a further account of the distribution of the 
rocks of the lake of the Woods and adjacent country. They are not 
different from those mentioned in his previous report for 1872-73. The 
line between the Laurentian and Huronian system crosses the Winni
peg river at Rat portage, keeps near the railway to a point between 
lalw Lulu and Keewatin mills, where it crosses it diagonally and con
tinues in a westerly direction on the south side of the track. 

SELWYN,29 in 1883, as a result of an examination of the north shore 
of lake Superior from Thunder bay to Sault Ste. Marie, and thence 
eastward to Echo lake, fails to find evidence of the supposed uucon
formability of the Huronian and Laurentian. The author can give no 
better reason for supposing that certain sets of beds belong to the ~o
called Laurentian and others to the Hpronian systems than a consider
able <lilference in the lithological characters. The Laurenti::tn are es
sentially granitoid, gneissic and feldspathic, while the Huronian are 
quartzose, hornblendic, schistose and slaty. .As a whole the latter 
have a somewhat altered aspect and contain pebbles of rocks-granite, 
gueiss, quartzite, etc.-similar to those which form the Laurentian 
strata beneath them, while others, however, are not recognizable as 
from any known Laurentian sources. Banqs of limestone and dolomite, 
more or less crystalline, are found in both Laurentian and Huronian 
areas, and, if we except the disputed form. Eozoon, no fossil what
ever. The Huronian follows and does not rest unconformably upon 
the Laurentian. The Nipigon or Keweenian is later in age. than the 
.Auimikie. No definite opinion can be expressed as to the position of 
the crowning overflow of Thunder cape. 

SELWYN,30 in1883, describes the trap and sandstone of lake Supe
rior as unconformably upon and entirely distinct from the Huronian. 
The series is divisible on the Canadian shore into two, and perhaps 
three divisions, between which there may be slight unconformities, 
which are, however, no greater than might be Pccasionerl by the inter
mingling of sedimentary strata with volcanic material. The groups in 
ascending order are (1) the shales, cherts, dolomites and sandstones 
interbedded with massive diabase or dolerite of Pie island, McKays 
mountain and Thunder cape. (2) Conglomerates, shales, sandstones 
and dolomites, interstrati:fied with massive beds of volcanic material, 
amygdaloids, melaphyres, tuffs, etc., many thousands of feet thick, 
occupying the east shore of Black bay, Nipigon strait, St. lgnacc, 
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:M:ichipicoten island, Gargantua, Mamainse, ·etc. (3) The Sault Ste. 
Marie sandstone, which may be only the upper part of~ without any 
inte ·mingling of volcanic material. The whole together is I.~ower Cam
brian, there being no evidence whatever of their. holding any other 
place in the geological series. The first of these groups is the Animi
kie series while the second is the Keweenian. 

SELWYN,31 in 1885, places the crowning overflow of l\icKays moun
tain, Thunder cape and Pie island, etc., as a part of the Animikie. 
There was· found no evidence of unconformity from the base of the 
Animikie to the top of the Keweenian as developed on Thunder cape 
and the surrounding region. 

LAWSON,32 in 188G, gives a report on the geology of the lake of the 
Woods region, with special reference to the Keewatin (Huronian') belt 
of the Archean rocks. 

Comprising a large part of the lake of the Woods is a series of crys
talline and semi-crystalline schist.s to which the term Keewatin is 
applied. The term Huronian is not used, because it is very doubtful 
if the series belongs to this period. The rocks are found to differ fun
damelltally in lithological character from Logan's Original Huronian. 

In the Keewatin, quartzites are unimportant; there are no true basal 
cmtglomcrates; and the fragmentals of the lake of the Woods are of 
volcanic origin. No bedded limestones wer(5 observed. Structurally, 
also, the two series are fundamentally different. The lake of the. Woods 
schists are folded with the associated granite gneisses, which are re
ferred to the Laurentian, while the Hu1·onian series Las not part~ken 
of the folding to which the adjacent gneisses have been subject. :E'ur
ther, the large areas of granite are found to be intrusive in both the 
Lanrent.inn gneiHs and Kee)vatin schists, while iu the Hurmlian of 
Logau such intrusions, if present at all, are mentioned at only one lo
cality. The slate conglomerate of Dore river appears to resemble the 
lake of the Wonds agglomerates, but this area is distant from the typical 
Hnrmtian region and appears to differ from it litlwlogically, as well as 
being in a nearly vertical attitude. These diircrences between the 
Don~ and Huron areas, with their geograpbical separation, may warrant 
the belief that possjbJy Logan embraced under one designati011 two 
distinct series. As to Prof. Irving's position that tbe A11imikie series 
is probably the equivalent of the Huronian, it is considered exceedingly 
probable that the flat-lying unfolded Animikie is much later than the 
lake of the Woods schists. 

The rocks of tbe region, including both the Laurentian and Keewatin, 
comprise gneiss, granite, felsite, schistose hornblende rocks, diabase, 
diorite, serpentine, coarse clastic rocks and agglomerates, mica-schists, 
slates, quartzites, clay-slates, felsitic schists, bydromica and chlorite
scbists, carbonaceous schists and limestones. The massive granites 
sometimes grade into foliated gneisses. Dikes of granite have ~orne
times foliated structures parallel to their sides. The agglomerates are 
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not ordinary clastics, but are of volcanic origin. Both paste and in
cluded fragments have evidently had a common origin and been laid 
down together, perhaps not even always under water. The fragme ts 
are usually more or less elongated or lens-shaped, due to pressure. 
The greatest planes in the fragments are parallel with the planes of 
schistosity, which are usually observably identical with those of bed
ding; at times the agglomerates merge into mica-schists on the one 
hand and into hornblende-schists on the other. The mica-~chists, 

micaceous slates, clay-slates, and quartzites constitute a natural group 
of rocks intimately associated, both as regards their origin and their 
present relations in the field. They are all probably ordinary meta
morphic clastics. The felsitic, sericitic arid hydromicaceous schists 
are probably sediments, the material of which was probably volcanic. 
The mica-schists quite frequently pass into finely laminated mica
gneisses. The limestones are found only in small masses and seem to 
be vein stones rather than bedded strata. 

The Keewatin schists and Laurentian granitoid gneisses are found 
oftentimes to be apparently interbedded. At other times the junction 
is of the most irregular sort,- tongues of schists running into the granite, 
or masses of it being contained in the granite and gneiss. The gneiss 
acts in many places as though it had been in a fluid state intruding 
the schists, and the conclusion is reached that the junction, instead of 
being that of interlaminated sediments, is that of a set of schistose 
rocks which have been intruded by fluid ones, the fluid material often 
placing itself along the parting of the Rchist, at other times cutting 
across it or including fragments of it. If this conclusion is true the 
supposed conformable junction of the two series at certain localities is 
no proof of true conformity, because th~ foliation of the granitoid 
gneisses, if these rocks were once viscid or plastic, is quite independent 
of any arrangement due to sedimentation that they may have posse~sed. 
This conclusion does not imply that the gneisses and schists may not 
have been originally sedimentary and conformable. However, the 
author inclines to the belief that the granitoid gneisses of the Lauren
tian were never aqueous sediments. 

The granitic intrusions of the lake of the Woods are grouped into 
ten main centers. The granite cuts both the granitoid gneiss (Lauren
tian) and the various rocks of the Keewatill series, and is therefore of 
later age than either. A granite, the intrusive character of which is 
undoubted, sometimes merges in the same rock mass into a. granitoid 
gneis~. There is a marked association of felsites or micrograuites with 
the main granite mass, there being an apparent tendency on the part 
of the former to an arrangement concentric with the periphery of the 
grm1ite. Upon various sections a certain periodic arrangement of the 
Keewatin is made out, upon which as a basis it is found that the maxi
mum thickness of the series is in the neighborhood of 20,000 feet. As 
to tho general stratigraphical relations of the Keewatin, the conclusion 
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is reached that they have been laid down and folded within a trough 
in the Laurentian formation. 

HERRICK, TIGHT, and JONES,33 in 1886, :find on the north shore of 
lake Superior three distinct groups of rocks with their respective in
trusives, granitic, schistose, and conglomeratic. The granites are found 
underlying the schists in such a way as to suggest that they have been 
intruded beneath them, although similar granites constitute the peb
bles of the basement conglomerates in the schists. The schists are met. 
amorphosed at contacts with the granites; the schists and schist-con
glomerates espe.cially, in several places, have been altered to porphyry 
and felsite-porphyry by contact with the erupt.ives. The third group 
consists of basement conglomerates, consisting of fragments of all the 
varieties of rock included in the other two series. Periodic overflows of 
igneous matter have left vast sheets of diabase, and there is a strong 
interaction between the sedimentary and eruptive rocks. 

McKELLAR, 34 in 1888, describes the Animikie on the north shore of 
lake Superior as always resting unconformably upon the crystalline 
and schistose rocks to which the term Huronian is applied, the con
tacts being found at many points. In lithological characteristics these 
two series are fundamentally different. The original Huronian and 
the schists underlying the Animikie are compared, ·and it is concluded 
that they are the equivalent of these rocks rather than of the Ani
mikie series; therefore the latter is later than the Huronian. The con
tacts of the Animikie and Keweenawan formations show that there is 
an unconformity by erosion between the two. 

LAwsoN, 35 in 1888, reports on the geology of the Rainy lake region. 
The pre-Cambrian rocks ·are divided into an upper and lower Archean, 
as at the lake of the Woods. The upper is a bedded schistose and 
metamorphic series, while the lower is granitic, gneissic or syenitic in 
character. In the upper division two gronps are recognized, one the 
Keewatin of the lake of the Woods, and the other, inferior in position, 
is given the name Coutchiching. In the lower division distinctions of 
stratigraphical sequenee and relationship, if any such ever existed, 
have been obliterated, and for this the term Laurentian is retained. 
These rocks can be classified only on a petrographical basis. The con
tacts of the Keewatin with the Ooutchiching and Laurentian are very 
frequent. The relations between the Keewatin and Laurentian are 
exactly like those described as maintaining upon the lake of the 
Woods. The schists are intruded by the granite, fragments of the 
former being included in the latter, and they are sometimes fused at 
the contact. Very frequently near the point of junction the Keewatin 
rocks become more crystalline and are glistening hornblende-schists. 

At two localities basal conglomerates are found between the Keewa
tin and Coutchiching. At the first of these, Rat-root bay, Keewatin 
conglomerate rests upon Coutchiching schists, the conglomerates con
taining water-worn fragments of quartz and bowlders of granite. The 

Bull. 86-5 
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second is at Grassy lake, where there is a pebbly conglomerate at the 
base of the Keewatin. The contacts of the Keewatin and Coutchi
ching are usually in apparent conformity, and the mapping of the series 
is made to rest upon lithological characters rather than upon structural 
discordance, although it is recognized that the conglomerates at the . 
two localities mentioned are indicative of erosion, at least in some 
places, between the two series. The apparent accordance affords little 
evidence as to the question of original conformity or unconformity, 
because the two formations have been squeezed together; but the 
marked contrast in lithological characters indicates an abrupt change 
in the conditions of formation. 

The thickness of the Keewatin rocks is calculated to be about five 
miles. The rocks are found in the main to be of clastic origin, but 
probably in the nature of volcanic debris rather than water-deposited 
sediments, although a small quantity of the materials is of the latter 
character. The volcanic debris of the Keewatin has a basic and an 
acid division, the latter being higher in the series than the former. 
Microscopical study leads to the conclusion that the series has been 
subjected to great pressure, as is evidenced by the fracture of the 
grains as well as by the schistose structure. The granite bowlders 
found in the conglomerates may either be ordinary detritlis or may 
have been brought up from beneath by volcanic forces, although the 
former is the more probable. All of the granites of the region appear 
to be in some degree later than the Keewatin rocks, but this does not 
imply that there was not a granite shore for the basin in which the 
Keewatin rocks were deposited. The author has no doubt that the 
original floor upon which the Keewatin and Ooutchiching rocks were 
deposited was fused at the time of disturbance and appears now to us 
as the foliated granite of the Laurentian. The granite bowlders of the 
Keewatin agglomerates may have been derived from a granite basement 
now obliterated by subsequent plutonic fusion. 

The Coutchiching series consists of mica-schists, or mica-schists in 
which feldspar is present. Hornblende has been observed only in one 
instance. No limestones or conglomerates have been discovered. The 
schistose structure is believed to represent orjginal sedimentation. Ce,l
culating the thickness upon this basis, it is found that the formation 
has an average thickness of 4 or 5 miles. The relations of the Coutchi
ching series to the Laurentian are found to be precisely the same as 
between the Keewatin and Laurentian. In the Coutchiching series 
there are no intercalations of recognizable volcanic rocks such as are 
found in the Keewatin, the rocks being acid crystalline schists which 
are regarded as ordinary metamorphosed quartzose s-ediments, with 
perhaps also volcanic material, although in no place has it been possi-

. ble conclusively to prove this. 
The Laurentian gneiss is intermixed with granite in such a way as to 

make it impossible at times to separate them. Its structur~, .if it has 
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any, is so complex that no attempt was made to work it out, anv, while 
parts of the granite seem to belong to the r...~anrentia,n proper, it is cer
tain that granitic eruptions have occurred in this series after the main 
mass of the rock had solidified. The belts of Keewatin rocks which 
encircle the Laurentian areas are anastomosing or confluent, forming a 
continuous retiform area, the meshes being occupied by the Laurentian 
gneiss. At their nodes or points of confluenee, these belts have their 
greatest width. The Coutchiehing schists dip away from the Lau
rentian bosses in all directions, so that the general anticlinal struc
ture of the belt is made up of three anticlinal domes. These relations 
are taken to mean that the surrounding schistose rocks represent sedi
mentary bedH which have been thrust aside by the entering granite. 
Along the contacts of the Laurentian and Coutchiching are found such 
minerals as andalnsite, staurolite, and garnet. Besides the granite 
masses, which cut all three of the previous series and thus are later than 
all, are also numerous diabase and trap dikes, which cut the series 
mentioned and the granite besides. 

IN GALL, 36 in 1888, in describing the mines and mining of lake Superior, 
finds the rocks to consist of Laurentian gneisses and granite, within 
which are found considerable areas of plutonic and volcanic rocks and 
metamorphic slates, considered to be Huronian, wl1ile overlying these, 
chiefly about Thunder bay and Jake Nipigon, are the sedimentary and 
volcanic rocks of the Animikie, Nipigon, and Keweenian groups, which 
are in approximately a horizontal position and contrast markedly with 
the steeply inclined or almost vertical older rocks. The Animikie for
mation is divisible into an upper and lower portion. The chief charac
ter of the lower division is the preponderance of siliceous rock, such as 
chert andjasper, which are often accompanied by ferruginous .dolomite 
with magnetite; while the upper division is formed for the most part of 
black, soft argillaceous argillites, which are occasionally dolomitic and fer
ruginous, and sometimes contain ~ilica in such proportion as to approach 
the character of the lower division. The thickness of the Animikie is 
placed at 12,000 feet. The traps of the Animikie are concluded to be 
intrusive, frequently breaking as they do across the beds. In one case a 
sheet is seen to divide into three tongues. The dark color of the upper 
division of the Animikie is due to the presence of ca!bon·. Patches of 
basal conglomerates are occasionally found at the base of the Animikie, 
lying in hollows in the old Archean sea bottom, the fragments consisting 
in general of granitic material. 

SELWYN/7 in 18!)0, announces the discovery by Ingall of traces of a 
fossil in the Animikie rocks. A part of the impressions are pronounced 
by Matthew to be similar to Eophyton, while for others the names 
Taonichuites and Otenichnites are prbposed. A part of them are of 
similar origin with characteristic tracks of the Cambrian rocks of the 
St. John group of New Brunswick. 
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LA wsoN, 38 in 1890, discusses the internal relations and taxonomy of 
the Archean of central Canada. The Keewatin and Ooutchiching are 
again described and the characteristic contacts which they have with 
the Laurentian. To the upper division, the Keewatin and Ooutchiching, 
since they are sedimentary rocks, the principles of stratigraphical geol
ogy apply, and to cover the~e two series is proposed the term Ontarian, 
of systemic value. The principles applicable to the lower division, the 
Laurentian, are those of eruptive geology, since these rocks are of 
igneous origin. In the Laurentian there are at least two generations of 
rocks whieh are distinguishable in the Hunter island district, but both 
are the result of the crystallization of a subcrustalmagma. 

BELL, 39 in 18DO, gives the following as the chief Huronian areas 
about lake Superior, in Ontario. An important area lies around Michi
picoten at the northeast angle of lake · Superior, running for 60 miles 
west and 20 miles south of that point, and extending inland to Dog 
lake, a distance of 45 miles. Another large area stretches from the 
Pic river eastward or inland to Nottamasagami lake, and westward 
mingled with granites and greenstones, to Nipigon bay. Two exten
sive belts run eastward from lake Nipigon, one of which crosses Long 
lake. West of Thunder bay, and stretching to the international 
boundary line, there is a large area which gives off' arms to the north
east and southwest; and several belts and. compact and straggling 
areas occur between this and the lake of theW oods basin, one of which 
follows the course of the Seine river. The lake of the Woods area, 
which has been already alluded to, occupies the whole breadth of the 
northern division of that l>ake. An important belt st::uts between 
Rainy lake :and lake of the Woods, and running northeastward has a 
breadth of 45 miles where it crosses the line of the Canadian Pacific 
railway. Minnietakie and Sturgeon lakes lie within this belt. 

The Huronian is divided into a lower and upper division, although 
no horizon has been agreed upon at which to draw the line between the 
two even locally. There is no evidence whatever that the two divisions 
are unconformable or that the lower part of the upper division are basal 
conglomerates. Conglomerates are found indifferently throughout both 
lower and upper divisions. 

The lower division includes the Keewatin of Lawson and its equiva
lents. It consists largely of a variety of crystalline schists, in which 
the prevailing color is dark green or gray. Among these may be enu
merated micaceous, dioritic, chloritic, argilhweous, horu blrndic, talcoid, 
felsitic, e:pidotic, siliceous, dolomitic, and plumbagenous. There are also 
crysta.Uin.e diorites or diabases of various shades of gray and greeni~h 
gray (mostly dark), argillaceous and dioritic slate-conglomerates, gran
ites and syenites, impure, banded, and schistose iron ores, dolomites and 
imperfect gneisfles. Among the commoner of the rocks of this division 
are fine grained mica-schists and dark green dioritic or hornblendic 
schists. Two kinds of conglomerates are also abundant, one having an 
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argillaceous matrix with rounded pebbles of syenite and granite of vari
ous kinds, and some of the other Huronian rocks, but very seldom of 
gneiss; the other with a dioritic matrix, and often with rounded pebbles 
also. But,inperhap::;tbemajorityofcases, whatwereformerlyconsidered 
as pebbles are really concretions of a lenticular form, and differing but 
slightly from the matrix in color and composition. They are best seen 
on wetted surfaces of cross sections of tlle rock, wl•ere they appear as 
parallel elongated patches tapering to a point at each end. Both hema
tite and magnetic iron ores are common in these rocks. Gneiss is not 
common in the Huronian, and it differs from the ordinary Laurentian 
gneiss in being imperfect and slightly calcareous. 

In the upper division of the Huronian prouabJy the most abundant 
rock in Ontario is what may be called a graywacke, but which in the 
older reports was often styled a "slate conglomerate;" but it also in
cludes clay-slates, argillites, felsites, quartzites, ordinary conglomer
ates, jasper conglomerates, breccias, dolomites, serpentine, etc. In 
some localities the nearly vertical bands of quartzite, having withstood 
denudation better than the other rocks, remain as conspicuous hills or 
ridges, and this circumstance has caused their relative volume in the 
series to be overrated by superficial observers. The materials forming 
the graywackes and the stratified quartzose diorites have been derived 
from volcanic sources. The igneous character of the Huronian is further 
shown by the large masses and areas ot greenstone (diorites or dia
bases), granites, syenites,. and other eruptive rocks which are so largely 
mingled with both the lower and upper portions of the Huronian sys
tem in all parts of their distribution, forming indeed one of its charac
teristic features. The crystalline greenstones occur either as compact 
areas, wide elongated masses, dikes, or thick interstratifying beds in 
nearly all the Huronian areas. In many cases the dioritic schists may 
have been originally massive, but assumed the cleaved structure by 
pressure when incorporated among stratified masses. The commonest 
position of the granite and syenite areas is within but toward the bor
ders of the Huronian tracts; but they sometimes occur in the Lauren
tian country, in their immediate vicinity, or at a distance from them in 
the direction of the longer axis of the Huronian areas. 

Unconformably above the Huronian is the Cambrian system, which 
comprises, in the ascending order, the Animikie, Nipigon, and Potsdam 
formations. 

The Animikie formation, in ascending order, consists of arenaceous 
conglomerate, with pebbles of quartz, jasper, and slate, seen on the 
north shore of Thunder bay; of thinly bedded cherts, mostly of dark 
colors, with argillaceous and dolomitic beds; of black and dark argil
lites, and flaggy black shales, with sandstones and ferruginous dolo
mitic bands and arenaceous beds, often rich in magnetic iron, together 
with layers and intrusive masses of trap (diabase). The Animikie for
mation occupies a great triangular area north and west of lake Supe-
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rior, the base of which is 60miles in length and the arms 40 and 80 miles, 
respectively. 

The Nipigon formation, resting with apparent unconformity upon the 
Animikie formation, is characterized by reddish marls, sandstones, and 
conglomerates, with a Ja1,·ge proportion of variously colored trappean 
beds and masses, a considerable part of which is amygdaloidal. The 
Nipigon formation occupies a great area about Nipigon lake and con
siderable areas at the east end of lake Superior and on Michipicoten 
island. 

On the east side of Hudson bay and on the islanc1s off the coast vol
canic and sedimentary rocks are largely developed, comprising con
glomerates, sandstones, limestones, chert breccias, shales, quartzhes, 
argillites, porphyries, crystalline traps, amygdaloids, tufas, etc. The 
upper part of these may correspond to the Nipigon and the lower to 
the Animikie. 

The sandstones of Sault Ste. Marie, of the peninsula between Goulais 
and Batchawana bays, isle J>arisienne, etc., seem to be of Potsdam 
age. These sandstones are mostly red, but, unlike the Nipigon forma
tion, they appear to be free from local disturbance and lie almost flat. 
Although they re~emble some of the sandstones of the Nipigon series 
at Mamainse in red color, they are believed to be newer and probably 
unconformable to them. 

LAwsoN, 40 in 1891, states that the granite of Saganaga lake is found 
with abundant and clearly observed evidences of eruption, breaking 
through the Keewatin rocks, including the upper Vermilion fragmental 
rocks of Ogishki lake with their associated slates and grits. It is con
cluded that the break between the upper and lower Vermilion, de
scribed by Van Rise, is within the Keewatin group, dividing it into an 
upper and lower series, and that this break is therefore below the 
Animikie. It is further said that the conglomerates of the upper 
Kaministiquia series come out close to the shores of Thunder bay and 
form the basement upon which the undisturbed Animikie rocks rest with 
strongly marked unconformity. The following succession for the region 
northwest of lake Superior is presented: Keweenawan or Nipigon 
group; unconformity; Animikie group ("possibly Huronian); uncon
formity; upper Keewatin series, unconformity; lower Keewatin 
series; unconformity( f); Coutehiching group; eruptive unconformity; 
Laurentian system, the granites and gneisses of which cut both Kee
watin and Coutchiching groups. 

SMYTH (H. L.),41 in 1891, describes the structural geology of Steep 
Rock lake, Ontario. The lake is roughly in the shape of a letter M, the 
top is to the north, and its arms conform to the strike of the rock series. 
The rocks are divisible into three principal groups. The lower consists 
of granites and gneisses, and is designated as the basement complex. 
Resting upon the basement complex is a series of rocks about 5,000 feet 
in thickness, composed of nine persistent formations, which together 
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constitute the Steep Rock series. Lying across the edges of the Steep 
Rock series, at the southeastern part of the lake, is a later series of 
granites, porphyries, and hornblende rocks which pass upward into 
the schists of the Aticokan river and are designated the Aticokan 
series. The granites and gneisses of the basal complex are cut by vari
ous dikes, which are of three kinds, those which supplied pebbles to 
the conglomerate at the base of the Steep Rock series; those which 
traverse both the basement complex and the Steep Rock series but 
have been subjected to the folding; and, third, a .single massive dike 
which is subsequel\t to the latest period of folding. 

The formations of the Steep Rock series, in ascending order, are con
glomerate, lower limestone, ferruginous horizon, interbedded crystal
line traps, calcareous green schists, upper conglomerate, greenstones 
and greenstone-schists, agglomerate, and dark gray clay-slate. It is 
then a series of sediments and interbedded eruptives. 

Along the whole course of the lake this series dips at very steep an
gles, ranging from 60° to 80° away from the basement rocks, upon 
which they hang as a time-worn fringe having no extension inland. The 
basal part of the Steep Rock series is a bed having a maximum thick
ness of nearly a hundred feet, presenting the various phases of a con-. 
glomerate, coarse and fine, and quartzite and quartz-schists with feld
spar. The lowest member contains rounded and waterworn pebbles of 
quartz and greenstone, the largest being a foot in diameter. Near the 
junction of the Steep Rock series and basal complex both are some
times very similar in composition, so that it is impossible to draw the 
lines between them by this criterion. There is an apparent transition 
from one rock into the other. The transition zone has a highly schist
ose structure in the regional direction, which crosses the course of con
tact and the bedding nearly at right angles and is traced from the tran
sition zone into the undoubted granite into which it gradually dies out. 
This transition is explained as due to probable disintegration of the 
basement complex before the Steep Rock series was deposited, combined 
with subsequent powerful dynamic movements which have affected both 
series. 

The Steep Rock series is folded into an eastern synclinal, a middle 
anticlinal, and a western synclinal, the latter being faulted. The axes 
of these folds have a high pitch to the southward, varying from 600 to 
nearly 90°. Throughout the whole area is a regional cleavage which 
has a nearly uniform direction transverse to all the members of the 
Steep Rock series and also the contact between this series and the 
basement complex. This has largely obliterated the original lamina
tion of the sediments and is now the dominant structure. It is there
fore the last force which has left its marks upon the rocks of the lake. 
Before this last force acted upon the rocks, the Steep Rock series had 
been folded into a southwestward dipping monoclinal which, under the 
action of the cleavage-producing force ill a northeast and southwest 
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direction, caused the present fluted outcrop of the formations of the 
Steep Rock series. That the basement complex itself yielded to this 
latter force is shown by the irregular outcrops of the dikes cutting it. 

As a result of the study the following general conclusions are reached: 
The contact of the lowest horizon of the Steep Rock series with the 
basement complex is one of erosion. The complex at the time of the 
deposition of the Steep Rock series was made up of consolidated crys
talline rocks, and there is no evidence whatever that it has since under
gone fusion or recurred to the condition of a magma. The rocks of the 
Steep Rock series have been subjected at two periods, more or less dis
tant from one another, to great orotechnic forces, which acted-the first 
in a northeast and southwest direction, and the second in a northwest 
and southeast direction. The latter force has imposed upon all the 
rocks of the region a northeast structure which has largely, but not 
entirely, obliterated preexisting lamination in the sediments and 
schists of the Steep Rock series. The two orotechnic actions have 
produced_ great developments of autoclastic schists, both in the gran
ites and in the rocks of the Steep Rock series, the present structure 
of which was induced and determined in direction by the later force. 

SECTION II. WORK OF THE EARLY UNITED STATES GEOLOGISTS AND 
ASSOCIA'l'ES. 

SCHOOLCRAFT,42 in 1821, in his Narrative Journal of Travels in the 
Northwest, makes various observations on the crystalline rocks. At 
Granite point is found a bluff of granite which is traversed by irregu
lar veins of greenstone trap. The sandstone laps upon the granite and 
fits into its irregular indentations in a manner that shows it to have 
assumed that position subsequently to the upheaving of the granite. 
Its horizontality is preserved even to the immediate point of contact. 
All the rock along the south shore of Lake Superior is either red or 
gr~y variegated sandstone, which appears to be referable to one forma
tioo. On passing by the Porcupine mountains, the red sandstone is 
visible along the shore in a position nearly vertical, dipping under the 
lake toward the north. Red sandstone in a vertical position is found 
at the mouth of the Montreal river and for a few miles beyond it 
toward Chequamegon bay. On the St. Louis river, after passing red 
sandrock in a horizontal position, is found on the banks of the river a 
slate (argillite) in a vertical position traversed by greenstone and milky 
quartz. At the grand portage of the St. Louis the country is rough, 
consisting of slate In a vertical position. This continues for a long 
way and is succeeded by hornblende, which continues to the head of 
Grand rapids. 

0ATLIN,43 in 1840, finds the red pipestone quarries of the coteau des 
Prairies to consist of a perfectly stratified rock iu layers of light gray 
and rose or flesh colored quartz, the deposit being evidently sedimen
tary and of secondary age. 
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LoCKE,44in 1844, describes .the rocks of Copper harbor as well as the 
whole of Keweenaw peninsula as decidedly metamorphic, showing 
every degree of change produced by igneous action, from unchanged 
sandstone to compact greenstone. The original stratification is gener
ally more or less evident; some layers bear evidence of semifusion with 
a corresponding degree of induration, while others seem scarcely to 
have been altered. 

CUNNINGHAM,45 in 1845, SANDERS,46 in1845, CAMPBEJJL,47 SANDERS,48 

GRAY,49 in 1845, GRAY,50 in 1846, give various detailed observations as 
to the mineral regions of lake Superior, but give little or nothing of 
structural interest. 

RoGERS, 51 in 1846, describes the red sandstones and conglomerates of 
lake Superior as resting unconformably upon highly Inclined slate rocks 
undoubtedly Primal, and the Potsdam sandstone of the New York sur
vey at Chocolate and Carp rivers, and therefore of post-Paleozoic age. 

0WEN,52 in 1847, finds the horizontal sandstone to overlap the crys
talline and metamorphic formations at the southern portion of the 
Chippewa land district near the falls of the streams fiowing into the 
1\Hssissippi. The region to the north is based upon. crystalline, gra
nitic, and other intrusive rocks. North of the summit levels of the 
Chippewa land district the peculiar formations of the lake Superior 
country commence. These are red sandstones, marls, and conglomer
ates, occasionally penetrated by intrusive ranges of hornblende, green
stone, trap, and amygdaloid similar in their general aspect to the con
temporaneous ranges of igneous rocks which occur in the mining dis
trict of Michigan. Besides this trap formation, there is an entirely 
distinct trap system in immediate jll'Ktaposition with which strata have 
been discovered which are as old as if not older than the Lingula beds of 
the Potsdam sandstone of New York. 

LoCKE, 53 in 1847, speaks of the relation of the trap rock and sand
stone at Presque isle, and submits a drawing of it. 

WHITNEY,54 in 1847, describes the wide band of trappean rocks com
mencing at the extremity of Keweenaw point as continuing its course 
uninterruptedly as far as the Montreal river. Its distance from the 
lake between Portage and Ontonagon is generally from 8 to 10 miles. 
The highest and most imposing cliffs are found north and east of Ago
gebic lake. Beyond Agogebic lake the trap range widens and forms 
several ridges, between which it is not impossible that there may be 
sandstone. The Porcupine mountains em brace a system of trap pose 
rocks in three tolerably distinct ranges. All the country north of the 
northern edge of the trap range from the Ontonagon to the Montreal, 
with the exception of the trappose rocks of the Porcupine mountains, is 
covered by the red sandstone of lake Superior. 

OwEN/5 in 1847, gives many details of the formations of the interior 
of the Chippewa land district, and of the formation of lake Superior. 
In the first district are seen many varieties of granite, syenite, green-
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stones, hornblende-rock, gneiss, and mica-.slate. Magnesian and mag. 
netic slates M"e capped unconformably by pebbly sandstones for nearly 
a mile along Black river. The red sandstone of lake Superior on Ray
monds creek is estimated by RandaU to be 10,000 feet in thickness. 

NoRwoon,56 in 1847, describes various rocks on the St. Louis river 
in the district between Fond du Lac and the falls of St. Anthony, and 
from the mouth of the Montreal river to the headwaters of the Wis
consin river by way of lake Flambeau. On the St. Louis river a con
glomerate is found to rest unconformably upon the lower slates, the 
junction of the slates and conglomerates being exposed. 

RoGERS,57 in 1848, remarks that the south shore of lake Superior is 
outlined by a series of east and west dikes. 

WHITNEY/8 in 1848, finds in the townships near the Ansefossiliferons 
limestone, which seems to be surrounded by and has been deposited on 
the lake Superior sandstone. 

FosTER, 5!1 in 1848, in passing from Copper harbor to L'Anse, finds 
that the trap, instead of being forced through the layer of sandstone, 
as on the northern slope of Keweenaw point, protrudes through a fissure 
in it, causing an .anticlinal axis. A few miles farther south the sand
stone is nearly hodzontal, being in a series of gentle undulations. At 
L'Anse the sandstones overlie the talcose, argillaceous, and hornblendic 
slates unconformably, while 15 miles southeast of L'Anse the granites 
protrude through these schists. 

Upon the Michigamme river were found in order beds of quartz and 
feldspar, hornblende, and specular oxide of iron, associated with talcose 
and argillaceous schists. On the left bank of the Michigamme (Sec.1, 
T. 46 N., R. 30 W.) is a hill 170 feet high, which exposes a very large 
mass of nearly pure specular oxide of iron. About 40 feet from the 
escarpment is a metamorphic rock composed of rounded particles of 
quartz and feldspar with masses of ore intermingled like the pebbles of 
a conglomerate. 

Iron ore and marble were observed along the Menominee, as well as 
various other kinds of rocks, including granite, hornblen,de-slate, tal
cose slate, etc. At Sandy portage, on the Menominee, is a class of plu
tonic 1;ocks older than the traps of Keweenaw point, which were pro
truded among the slates and then denuded before the deposition of the 
sandstone; for the slates are intercalated among the igneous rocks 
with a vertical inclination, while the sandstone rests horizontally or 
nearly so upon them. This sandstone is regarded as the oldest of the 
Paleozoic rocks and is the equivalent of the sandstone on the northern 
slope of the upper peninsula. Resting upon this sandstone is a lime
stone which is sparingly fossiliferous. 

JACKSON,60 in 1849, describes the sandstone of Keweenaw point re
mote from the trap as horizontal or but slightly waving, while near the 
trap rock it is as high as 30°. The conglomerate is limited to the bor
ders of the trap and is of the same age as the finer grained sandstone 
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with which it alternates. At the line of junction of the trap rocks and 
sandstone the two are interfused, producing the metamorphic rock 
amygdaloid, which resembles the vesicular lavas of volcanoes, but has 
its cavities filled with a great variety of curious and interesting min
erals. On isle Royale about one quarter of the area is sandstone and 
conglomerate and the remainder trap, which formed ridges extending 
the whole length of the island. 

WHITNEY,61 in 1849, describes the iron ore of the upper peninsula of 
Michigan as existing in the form of solid ridges and knobs interstratified 
with banded jasper, the whole evidently of igneous origin. 

AGASSIZ,62 in 1850, describes the outlines of the shore of lake Supe
rior as largely due to six different sets of dikes of different mineral
ogical character, and each system running parallel to one of the main 
shores lines, although it would be a mistake to ascribe the form to any 
single geological event. Its position in the main is doubtless deter
mined by a dislocation between the primitive range north and the sedi
mentary deposit south. The rocks of the north shore of lake Superior 
are extensively metamorphic. The new red sandstone passes into por
phyries, into quartzite, granite and gneiss, the metamorphism being 
more or less perfect, so that the stratification is still sometimes pre
served or passes gradually into absolutely massive rocks. 

JACKSON,63 DICKENSON, MCINTYRE, BARNES, LOCKE, FOSTER and 
WHITNEY, GIBBS, HILL, BURT, and HUBBARD, in 1850, report upon 
the mineral lands south of lake Superior in the state of Michigan. 

JACKSON,64 describes the red sandstones and conglomerates of Ke
weenaw point as existing there anterior to the elevation of the trap 
rocks, being derived from the deposition of fine sand and pebbles from 
preexisting Primary rocks, such as granite, gneiss, or mica-slate. Por
phyry furnishes a large portion of the debris, but it is doubtful if this is 
not a semi-fused sandstone. There is no reason to believe that igneous 
agencies had anything to do with the origin of the pebbles of the con
glomerate, for they are rounded by the action of water. From the 
circumstance that the conglomerate borders the trappean rocks it is 
supposed an ancient shore may have existed along that line. It is cer
tain that the finer sandstone is more remote from the trap than th~ con
glomerate is, and that it is less uplifted and inclined as it recedes from 
the trap band. Near the junction of the two rocks the strata dip 250 
or 3oo, while remote from it the sandstone is nearJy horizontal. The 
mineral composition, association, and contents of the sandstone are iden
tical with those of Nova Scotia, Connecticut, Massachusetts, and New 
Jersey, belonging to the new red sandstone series; and that the lake 
Superior belongs to this age has been confirmed by the discovery by 
C. F. Merion of a tract of limestone in the midst of the sandstone of 
Keweenaw point near the Anse. The limestone contains Pentamerus 
oblongus, and according to Whitney has a dip of 30°, while the overly
ing sandstone is horizontal and has been deposited around it. The 



76 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BUJL.86. 

sedimentary strata have undergone great change by the action of the 
trap rocks. Along the line of the junction a chemical combi.nation of 
the materials of the sandstones and trap rocks took place, forming the 
vesicular trap called amygdaloid, while there has further resulted from 
this action a brecciated or trap tuff, consisting of broken pieces of 
amygdaloid and sandstone. At other times the sandstone is indurated 
into a flinty red rock resembling jasper. At the Copper falls mine is 
a case of what appears to be an Orthocera in the breccia of amygdaloids 
and altered limestones. May it not have been torn from a subjacent 
bed of Silurian limestone by the agency of the intruded trap rocks' 
At the coast off lac la Belle the sandstone in contact with trap has a 
dip to the south of 30°, while at point Isabelle the sandstone cliffs are 
nearly horizontal. 

LOCKE65 finds near L'Anse that the trappean rocks contain frag
ments of slate distributed through it and converted into a hornstone 
when in small pieces, like the eruptive granite of Pigwacket mountain, 
New Hampshire. At point No. 2, west of Presque isle, is a junction of 
red sandstone and syenite. The mass of syenite intersected by dikes 
of trap is under the sandstone and seems to have but slightly affected 
it. 

FoSTER and WHITNEY 66 accompany their synopsis of their explora
tions by geological maps of the region between Portage lake and the 
Montreal river, Keweenaw point, isle Royale, and the region between 
Keweenaw bay and Chocolate river. 

WHITNEY 57 finds the rocks in the district between Portage lake and 
the Ontonagon river to comprise the following: First, the red sand
stone oflake Superior, the age of which can not be determined, asitis 
destitute of fossils. It lies directly upon the granitic rocks. Second, a 
bed of fossiliferous limestone of the Lower _ Silurian system, which 
oceurs in an isolated position and .has but a limited extent. and the 
relations of which to the sandstone have not been determined with cer
tainty. Third, the trappean rocks. Fourth, granitic and syenitic 
rocks, with hornblende and greenstone. The farther the red sand
stone is removed from the trappean rocks, so much nearer do its strata 
approach to the horizontal and also become lighter color and more 
fragile. The conglomerate of Keweenaw point occurs mixed and inter
calated in such a manner with the sandstone as to leave no doubt of 
their common origin and identity of age. In general the beds of con
glomerate increase in frequency in nearing the trap. The sandstone 
does not repose directly on the trap, but almost invariably a bed of 
coarse pebble rock is found interposed between. A trap breccia found 
at Cushman's seems to be a product of the interfusion of trap and 
sandstone. Compact quartz rock or jasper occurs abundantly in moun
tain masses in the Porcupine mountains. 

Whitney describes a deposit of limestone which rises to a height of 
about 300 feet above the general level of the country near L'Anse. 
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The limestone is indistinctly stratified and dips from zero to 30° at 
various points. At certain places it contains numerous fossils, but 
the greater part of the rock seems to be destitute of them. Among 
the fossils are encrinites, orthoceratites, and others. The country 
around is low and swampy, but the indications are for nothing but 
sandstone horizontally stratified. As the limestone is apparently 
inclined at an angle of 30°, it seems evident tha,t this is the oldest rock, 
though it can not be denied that the stratification of the limestone is 
very obscure and in some places it appears to lie nearly horizontal. 
On the data collected the author feels unwilling to pronounce which is 
the older formation. 

FosTER 68 finds at Copper harbor the junction of the trap and con
glomerate. At the point of contact the trap is vesicular, but a few feet 
distant amygdaloidal. The conglomerate is made np of rounded peb
bles of greenstone, porphYJ.'Y, and rarely granite, cemented by a dark 
iron sand, with carbonate of lime among the interstices. Near the 
Quincy mine the conglomerate, or rather sandstone, containing quartz 
pebbles, forms the gorge of the stream below the falls, and differs es
sentially from that on the northern slope of Keweenaw point. Be
tween the sandstone and compact trap is a bed of red slaty trap asso
ciated with amygdaloid. At L'Anse sandstone and conglomerate are 
found resting unconformably upon chlorite-slate, novaculite or siliceous 
slate. In the Chippewa land district is found granite, gneiss, horn
blende, chlorite, argillaceous slates, and magnetic iron ore. In Sec. 1, 
T. 46 N., R. 30 W., is a bed of quartz composed of rounded grains, with 
small specks of iron disseminated, and large rounded masses of the 
same material inclosed, constituting a conglomerate. This bed is 15 
feet in thickness and is succeeded again by a specular iron exposed in 
places to the width of 100 feet. 

The author is disposed to place the sandstone of lake Superior at the 
base of the fossiliferous series. The unbedded traps of Keweenaw 
point and isle Royale have broken through this sandstone, forming con
tinuous lines of elevation. In receding from the trap of Keweenaw 
point the inclination of the sandstone diminishes rapidly, and 5 or 6 
miles away is nearly horizontal. In a fork of Torch river, on the Doug
lass Houghton mining company's land, the sandstone dips southerly, 
or away from the trap. On the north side of the stream it is seen rest
ing on the trap in large blocks. On the south side of Keweenaw point, . 
at Bete Grise bay, the sandstone is white and granular, destitute of 
pebbles, and dips southerly or away from the trap. In the bottom of 
the bay, when the water is calm, the bands of sandstone can be seen 
describing immense curves parallel to t1he direction of the Bohemian 
range of mountains, and affording conclusive evidence that their bear
ing and upheaval are due to the protrusion of the igneous rock~. On 
the east side of Sec. 14, T. 59 N., R. 29 W., the sandstone is nearly hori
zontal, although removed but a few miles from the trap. 
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BURT 69 finds <;m Keweenaw point and along the south shore of lake 
Superior to the mouth of Carp river and in the Porcupine mountains 
five principal groups of rocks: Primary, Slates, Trap, Conglomerate, 
and Sandstone. With the Primary rocks are placed syenite and gran
ite. Flanking the Primary rocks is argillaceous slate; flanking the 
slates and resting upon them are red and variegated sandstones, and 
these also flank the Primary rocks. The Trap rocks have a much higher 
angle on the southeast than on the northwest side of the range, which 
runs from the northeast end of Keweenaw point and extends in a course 
generally to the southwest. The Conglomerate flanks the trap range 
on the northwest, and is made up of sand, pebbles, and small bowlders 
principally derived from the rocks of the trap family. Resting con
formably upon the conglomerate rock are a series of alternating strata 
of sandstone and conglomerate. 

HuBBARD 70 finds, in the district south of lake Superior, Primary and 
Metamorphic regions, consisting of granite rocks, between which are 
metamorphic rocks which graduate into clay-slate. 

BURT 71 finds in the area bounded on the north by the Fifth Correc
tion line and south by the Fourth Correction line and the Brule river, 
between ranges 23 and 37, granite and syenite, talcose and argillaceous 
slates, greenstone and hornblende-slate, mica-slates, coarse sandstone, 
calciferous sand rock, encrinal limestone, red sandstone and red clay, 
and magnetic iron ore beds. 

FosTER and WHITNEY,72 in 1850, give a syf?tematic report on the 
geology and topography of the copper lands. On Keweenaw point these 
consist of trappean rocks associated with conglomerates and sandstones. 

On this point are two trap ranges, the southern known as the Bohe
mian range. The conglomerates are volcanic friction rocks rather than 
the result of erosion. The pebbles may have received their rounded 
shape by being projected from fissures through water. The only in
stance in the district in which trap occurs remote from the lines of fissure 
is in the northeast corner ofT. 49 N. R, 36 W., where Silver mountain rises 
as an isolated and dome-shaped mass to the height of 1,000 feet. The 
summit of the rock consists of labrador and hornblende, while the sur
rounding plain is covered with clay, resting on sandstone in a nearly 
horizontal position. The sandstones and interbedded traps of Kewee
naw point and isle Royale dip in opposite directions and form a synclinal 
trough. Near L'Anse is a limited patch of limestone which has a dip 
to the eastward from 25° to 30°, the limestone "'-~eing distinctly stratified. 
The sandstone about a quarter of a mile to the 11orth is horizontal, and 
it seems evident that the limestone overlies the sandstone, although the 
position of the inclined beds of the more southerly portion of the lime
stone is difficult to explain, since the surrounding country is low and 
level and underlain by sandstone and horizo.ntal beds. It seems evident 
that at this point the country has been disturbed and upheaved by 
igneous action beneath, which has raised the strata without any ap-
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pearance of trappean rocks at the surface. This is indicated by the 
fact that at no great distance to the south an elevation occurs at which 
the strata of sandstone dip on all sides, although there is no igneous 
rock visible. From the fossils entombed in this limestone Hall con
cludes that the rocks may be regarded as the equivalent of any of the 
following: The Potsdam and Calciferous sandstones, the Chazy, Bird's
eye, and Black river limestones, perhaps of the Trenton or even Hudson 
river groups. In T. 4 7 N., R. 25 W., Michigan, is a conglomerate, the 
pebbles of which comprise granite, hornblende, slate, greenstone, and 
iron ore. 

FOS'l'ER and WHITNEY 73, in 1851, report on the iron region of lake 
Superior land district, and give and an account of its general geology. 
The older rocks are classified as follows: 

l l 
Pl t . {Gra.nite. · 

u omc Syenite. 
~ rocks. :Feldspar and quartz rock. 

~ Ofvarious ages. Trappean {Greenstone, or dolerite, porphyry, basalt, 
_:..o or amygdaloid, hornblen<le ancl serpentine 

volcanic rocks, masses of specular au<l magnetic 
rocks. oxide of iron. 

r:t.i 

~ '( 0 0 

~ i {Gneiss, mica and hornblende slate. 
§ ~ Azoic system... Chlorite, talcose and argillaceous slate. 
0 ~ Beds of quartz and saccharoidal marble. 
~ -+J 

Q) 

~ 

'~{ l! Silurian system. 

The igneous rocks are found in all these sedimentary systems. The 
oldest igneous rocks, consisting of hornblende, feldspar, and serpen
tine rocks are contemporary with the Azoic system. The granites and 
syenites are intermf'diate in age between the Azoic and Silurian systems. 
These are traversed by two systems of greenstone dikes which are 
anterior to the purely sedimentary deposits. Contemporaneous with 
the lower portion of the Silurian system are the bedded traps and 
amygdaloids of Keweellaw point, isle Royale and the Ontonagon region, 
which are composed of nearly the same constituents as many of the 
older igneous rocks, although there is no difficulty from the diversity 
in external characters in drawing the line of demarcation between 
them. 

Below all the fossiliferous groups of the region is a class of rocks con
sisting of crystalline schists, beds of quartz, and saccharoidal marble, 
which is denominated the Azoic system, a term first applied by Mur
chison and de Verneuil to designate the crystalline masses which pre
ceded the Paleozoic strata. This term as here used is limited to rocks 
which are detrital in their origin and which have been formed before 
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the dawn of o~ganized existence. The general section shows the rocks 
of Keweenaw point to be thl.1 counterpart of those of isle Royale, except 
that the dip of the sedimentary rocks is reversed, thus rendering it 
highly probable that between these two points is a great curvature 
in the strata caused by the elevation along the line of two volcanic 
fissures. The sandstone on the southern slope of the axis, equivalent 
to the Potsdam, is seen dippi.ng away from the crystalline trap at a 
high angle, but at a short distance from the line of igneous outburst 
it verges toward horizontality; and along the coast at the head of 
Keweenaw bay it is seen reposing unconformably on the slates of the 
Azoic system. From L'Anse to Chippewa island in the Menominee 
river, a direct distance of more than 80 miles, the country is occupied 
by rocks of the Azoic system, which include immense deposits of specu
lar and magnetic. oxide of iron, and are invaded at many points by 
igneous rocks, both granitic and trappean. At Chippewa island the 
Potsdam sandstone reposes upon the upturned edges of the slates. 

The Azoic rocks have been so transformed by direct and transmitted 
heat as to exhibit few traces of their original character. Sandstone has 
been converted into massive quartz, limestone into saccharoidal marble, 
and shales into hard crystalline schists. These rocks are destitute of 
life, are a system of obscurely stratified rocks interposed between the 
Potsdam and the granite, and are unconformable to the former in dip. 
The Azoic series of the southern shore have not been capable of divi
sion into two groups as done by Logan on the north shore. The 
rocks are highly inclined and much contorted, and nowhere exhibit the 
characters of a purely sedimentary rock; but the evidences of meta
morphism are more striking in approaching the lines of igneous out
burst. Gneiss generally flanks the granite, succeeded by dark masses 
of hornblende, with numerous joints, but obscure lines of bedding, 
which often graduate into hornblende-slate or chlorite-slate in receding 
from the igneous products. The greenstones often form broad sheets, 
bearing the same relation to the slates that the trappean bands of Ke
weenaw point do to the conglomerates. Many of the slates appear to 
be composed of pulverulent greenstone, as though they might origin
ally have been ejected as an ash and subsequently deposited as a sedi
ment. They pass by imperceptible gradations from a highly fissile to a 
highly compact slate. 

In Sec. 19, T. 49 N., R. 27 W., is found a talcose and chlorite slate7 

and quartzose rocks enveloping pebbles and displaying obscure lines of 
stratification. In Sec. 32, T. 48 N., R. 26 W., and near Jackson Com
pany's forge are found quartzose conglomerates. On the line between 
Sees. ~9 and 32, T. 47 N., R. 27 W., is a conglomerate forming an isolated 
rounded elevation, which is made np of coarse blocks of various sorts 
belonging to the neighboring trappean nnd slaty beds. Among them 
are fouud fragments of the rock associated with iron, and masses of the 
iron itself, and of the banded and jaspery varieties. Most of the frag-
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ments of the breccia are but slightly rounded and worn on their edges, 
having in this respect the appearance of a friction conglomerate. The 
blocks are cemented together by a hard ferruginous paste. 

The granites belong to two different epochs: That of the northwest
ern coast and the vicinity of Pigeon river was elevated before the .Azoic 
period, since the upper portion of the slates repose horizontally around 
it; while that of the northeastern coast, and that which forms the axis 
of the river systems of the two lakes, was elevated after the termination 
of the .Azoic period and before the dawn of the Silurian, since the gran
ite bas disturbed the upper beds of slate, while the lower beds of the 
Potsdam rest undisturbed around it. 

The masses of iron ore and jasper have none of the characteristics of 
vein deposits. They are intercalated among the metamorphosed sedi
mentaries and have an intimate association with the trappean~ porphy
ritic, and serpentine rocks. If the trappean rocks were an invariable 
accompaniment, the ores would with little hesitancy all be assigned to 
a purely eruptive origin; but when they are found in the form of beds, 
in clearly metamorphic strata, having a common bearing and inclina
tion, they are regarded as having been derived from the destruction of 
previously formed igneous masses, and their present association as having 
resulted from aqueous deposition. The .Azoic period having been one 
of long continued and violent mechani~al action, there is no reason to 
doubt that many of the strata of which it is composed may have been 
derived from the ruins of previously formed rocks of the same age, both 
sedimentary and igneous, as is shown by the case of the knob of con
glomerate already mentioned. The minute banding of the ore and 
jasper can hardly be explained by any other than the action of segre
gating forces in an igneous rock. The authors are then disposed to 
regard the specular and magnetic oxide of iron as a purely igneous 
product, in some instances poured out, in others sublimed, from the 
interior of the earth. Where the ores are in a state of purity, in the 
form of irregular masses in preexisting depressions, or where the in
cumbent strata are metamorphosed or traversed by the dikes of ferru
ginous matter, they are without doubt eruptive. Where impregnating 
metamorphic products, such as jasper, hornstone, or chert, quartz, 
chlorite, and talc slate, not only between the laminm but intimately 
incorporated with the mass, giving it a banded structure, they are 
regarded as the results of sublimation. The supposition that the ore 
may be a secondary product resulting from the decomposition of a 
pyrite, or the metamorphism of bog iron, is inadequate to account for 
the accumulation of such mountain masses and to explain the relations 
to the associated rocks. 

The bed of lake Superior, embracing an area of about 32,000 square 
miles, is occupied almost exclusively by the Potsdam sandstone. The 
sandstone in the vicinity of the trappean rocks attains the enormous 
thickness of 5,000 feet, and often consists of conglomerates composed 
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of trappean pebbles, and away from these lines of disturbance, where 
it abuts against the Azoic rocks, it is a purely siliceous sand. .At 
Granite point masses of granite are overlain by horizontal sandstones. 
The granites are cut by dikes of greenstone, which in no case penetrate 
the overlying rock. The same phenomena are seen at Presque isle, at 
Middle island below Presque isle, and at Carp river. On the Menominee 
river, near the foot of Chippewa island, layers of sandstone are found 
on the uvtul'ned edges of the Azoic slates. 

Whitney does not find the Pentamerus oblongus referred to by Jack
son, nor any other form characteristic of the Niagara formation; but, on 
the other hand, they are pronounced as belonging to Lower Silurian 
types. 

FosTER and WHITNEY/4 in 1851, repeat the general conclusions 
contained in their report on the iron region, and remark that the .Azoic 
system is characterized by such immense deposits of specular and 
magnetic oxide of iron that it might with propriety be denominated 
the Iron Age of geology, while the Silurian epoch with equal propriety 
might be designated the Copper Age. . 

],OSTER and WHITNEY,75 in 1851, farther speak of the age of the 
lake Superior sandstone. The sandstone of the St. Marys river is 
traced to the south shore of Keweenaw point and is found to increase 
in thickness gradually, until in the vicinity of the trappean rocks it 
becomes of great thickness, accompanied by wide belts of conglomer
ate. The conglomerates of Keweenaw point are the result of igneous 
rather than aqueous forces, being caused by friction and mechanical 
volcanic action along the line of fissure. The mural faces of the trap
pean ranges are almost without exception turned toward the south, 
and the sandstone on that side is elevated at a high angle, sometimes 
dipping almost vertical at the junction of the two formations, but in 
proceeding southward becoming almost immediately horizontal. The 
appearance is as if the strata had been broken and elevated just as the 
southern edge of the igneous mass. Where the sandstones and traps 
are interlaminated it is difficult to deter~ne the junction when the 
sandstone lies upon the trap, but when below it the line of separation 
is sharp. As further showing that the sandstone is Lower Silurian, a 
small deposit of Lower Silurian limestone resting upon the sandstone 
effectually completes the chain of evidence. 

0WEN,76 in 1851, mentions various metamorphic slates, quartzites, and 
other crystalline and trappean rocks as occurring on the south shore of 
lake Superior. On the north shore, in Minnesota, between Fond du 
Lac and the British possessions there is a repetition in inverse order of 
the same formations, forming a synclinal trough with the red sandstone 
nearest the lake, while the slates, conglomerates, and associated traps 
are crossed in succession in proceeding into the interior,. and these are 
followed by the metamorphic slates and granitic rocks. 
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0WEN,77 in 1852, discusses the age of the red sandstones of lake 
Superior. The test of:ithologicaleharacter, if alone applied, is in favor 
of the view that they are of the same age as the red sandstones of New 
Jersey and Nova Scotia. On the St. Croix river, in Wisconsin, the 
white and buff quartzose sandstones belonging to the lowest Protozoic 
formation are succeeded by red sandstones similar to those of lake Su
perior, and, like them, associated with coarse red conglomerates and 
trap. The same phenomena are seen at other points south of lake 
Superior. It is, however, conceivable, as a result of the upthrust of 
igneous rocks, which sometimes break through the fossiliferous 
strata, entangling and partially indurating the fragments without alter
ing or tilting the adjacent beds, that tilted red sandstones dipping 
to the south really may never rest conformably under the white and 
buff sandstones, but merely abut against them an<l not in fact overlie 
them at all; but the natural and reasonable inference is that the white 
and buff sandstones do actually rest conformably upon the red sand
stones in question. 

NoRWOOD,78 in 1852, gives a great number of details as to the geology 
of middle and western Minnesota and the country adjacent to the 
southwest shore of lake Superior, illustrating the relations of the shales, 
trap rocks, granites, etc., and showing the manner of intrusion of the 
eruptives and the complicated folding to which the strata have been 
subjeeted. At the St. Louis and Black rivers the sandstone rests 
unconformably upon the underlying argillaceous and siliceous slates. 

WHrrTLESEY,7
\! in 1852, gives geological descriptions of part of Wis

consin south of lake Superior. Passing from the lake southerly four 
great classes of rocks are seen in each section: (1) Sedimentary, includ
ing red sandstone, black slate, conglomerate. (2) Trappose rocks, or 
those_ of volcanic origin, including amygdaloid, greenstone, augitic, 
hornblendic, and feldspathic rocks, embracing syenites and granites of 
the same age. (3) Metamorphosed rocks, including hornblende slates, 
iron slates, black slates, talcose slates, slaty quartz. ( 4) Granitic, includ
ing syenite and granite. The granites and syenites of the interior are 
the most ancient rocks of the district. After the protrusio:p. of these 
granitic masses many changes have occurred. The sandstone deposits 
of lake Superior must have been subsequent to the granites · of the 
Wisconsin, Chippewa, and Montreal rivers; since that period has 
been one of long and intense igneous action in which the trap, horn
blendic, and greenstone masses have been ejected, and also with them 
protrusions of recent granites and syenite. The metamorphic slates 
have been elevated during these convulsions, and the sedimentary 
rocks thrust away to the northward and tilted up at high angles. The 
old granites and syenites have been rent with fluid matter, such as 
quartz and hornblende. The northern part of the Penokee range 
shows evidence of four formations of trappose rocks, which fill a geolog
ical epoch of no great duratio11 between the area of the red sandstone 
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deposits and the metamorphic uplifts. There are Gases where the trap, 
instead of being forced across the stratification, has spread out between 
the beds, forming alternate strata of trap and sandstone without any 
visible conglomerate. 

SHUMAR,D,60 in 1852, mentions the quartzite ranges of Sauk county, 
near Baraboo. The quartzites are surmounted by sandstone, and all 
are included in the great sandstone formation of southern Wisconsin. 

J.A.CKSON,81 in 1853, maintains that the red and gray sandstones of 
lake Supmior are above the rocks of Devonian age. They rest horizon
taUy around Silurian limestone, which has an inclination on Sturgeon 
river near Keweenaw point of 30°. In point of fact the sandstones of 
lake Superior are the exact equivalents of those of Nova Scotia, where 
trap rocks of tlle same age as those of lake Superior pass through them. 
The amygdaloidal trap of Keweenaw point and isle Royale is a vesicu
lar rock formed by the interfusion of sandstone and trap rock. 

MARcou, 62 in 1853, after having made a complete tour of lake Supe
rior, places the red .. sandstone and traps bearing copper as the new red 
sandstone, and correlates it with the new red sandstones of Nova 
Scotia, New Brunswick, Connecticut, New Jersey, Maryland, and Vir
ginia. 

WHITNEY,83 in1854, states that the basin of lake Superior is a great 
synclinal trough caused by a depression of the sandstone, which appears 
to form its bed. The northern and eastern shores for much of their dis
tances are faced by perpendicular cliffs, while the southern shore is 
comparatively low. The reason for this difference is that on the east 
and north the sandstone which originally existed there has been worn 
away and the more enduring granitic and trappean rocks only are left. 
The age and relations of the sandstones of lake Superior to the trap
pean rocks and Azoic slates are again described as before. 

SCHQOLCR.A.FT,84 in 1855, states that the granitic strata of the Thou
sand isles reappear on the north shore of lakes Huron and Superior, 
underlie the bed of the latter, and are found on the rough coast between 
Chocolate river and Keweenaw, and cross the Mississippi near the falls 
of St. A~1thony. The straits of St. Mary's appears to be the ancient 
line of junction between the great calcareous and granitic series of 
rocks on the continent. The island of St. Joseph is chiefly primitive 
rocks and at its south end is largely loaded with granitic, porphyritic and. 
quartzitic bowlders. The north shore of the river, opposite the island, 
is entirely of the granitic series, which continues to Gros cap on lake 
Superior. The red Sandrock of lake Superior is regarded as the Old 
Red sandstone. The formation of red jasper in white quartz exists on 
the southern foot of Sugar island. In the granitic C011glomerates are 
seen red feldspathic granite, black sllining hornblende rock, w bite fatty 
quartz, and striped jasper, all held together firmly. Volcanic action 
appears to have thrown up the trap rocks of the Pic, of the Porcupine 
chain, of isle Royale, and the long peninsula of Keweenaw. The sand· 
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stone of the southern coast exhibits undulations of 8° or 10° at several 
places. Two instances of this are the point des Grands Sables, begin
ning with the horizontal strata of the Pictured rocks, and the ~econtl is 
at Grand island. 

WHITNEY,85 in 1856, describes the northeastern side of lake Superior, 
from Gros cap to Nipigon bay, as consisting of rocks of tl1e Azoic system. 
On the south shore of the lake, and along the northwest shore as far as 
the northeastern extremity of Nipigon bay, are found the shales, sand
stones, conglomerates, and trappean rocks of the Potsdam system, ex
cept at Thunder bay and Carp river, where the Azoic appea.rs. The south 
side of the Azoic on the north side of the lake runs from Kakabikka 
falls on the Kaministiquia in an almost straight line southwest, keeping a 
few miles from the lake. Thunder cape consists of thinly bedded slates 
for 800 feet of its thickness, above which is a sheet of trappean rock 
200 or 300 feet thick. 

WHITNEY,86 in 1856. maintains that the iron ores of lake Superior, 
Scandinavia, Missouri, and northern New York, form a class by them
selves belonging to the Azoic age, and they have been poured out like 
other igneous rocks from the intPrior in a molten or plastic state. 
Besides the purest ores are others inter laminated with bands of quartz 
which are distinctly bedded and probably are of sedimentary origin. 
The iron ore in these may have been introduced either by sublimation 
during the deposition of the siliceous partieles, or by precipitation from 
a ferriferous solution at the time of formation of the stratified rocks. 

WHITNEY,87 in 1857, again maintains the Potsdam age of the sand
stones of the Cupriferous series. Underlying this series ulJconform
ably on the south shore is the Azoic series, which is identical in char
acter with the rocks of Thunder and Black bays. The rocks on the 
north shore of lake Huron and in the north and ea,st of Cana.da are 
identical in position and lithological character with the Azoic sy~te.m. 

J.ACKSON,88 in 1860, again asserts that the red sandstones of Kewee
naw point are certainly coeval with the sandstone of Nova Scotia, 
Connecticut river, and New Jersey, as proved by identity of composi
tion, mode of disruption, character of associated minerals, and above 
all, by the fact that they rest upon Devonian limestones. Orthoceratite 
at Copper Falls mine and Pentamerus in the underlying limestone of 
Sturgeon river show that the sandstones are not Potsdam. This is also 
shown by the occurrence of pitchstone porphyry upon isle Royale such 
as are found in the isle of Arran of Triassic or Devonian age. The 
author is not disposed to place the sandstones of the Pictured rocks in 
the same formation with Keweenaw point aud isle Royale. 

RoGERS,89 in 1860, maintains that the argillaceous shales and con
glomerates of a part of the southern shore of lake Superior are the 
equivalent of the Primal series. The Cupriferous series is in direct 
association with the Potsdam, and therefore the argument for Triassic 
age on account of texture and color is entirely valueless. 
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WILLIAMS and BLANDY1
90 in 1862, describe the trap ranges of Port

age Jake as being about 3 miles wide and c011sisting of amygdaloidal 
. trap, occasionally intercalated with sandstones and conglomerates. 
The dips vary from 60° to 750, becoming nearer horizontal toward the 
northwest, until fina.Uy the sandstone which succeeds it becomes ab
solutely so. 

KIMB.A.LL,91 in 1865, divides the rocks of the Marquette region into 
·two formations, Laurentian and Huronian; the former including the 
granite ridges, while the latter nearly agrees with Foster and Whitney's 
limits for the .Azoic. The crystalline rocks south of Keweenaw point 
are pre-Paleozoic, while the greenstones of that point are intercalated 
conformably with the Paleozoic. The specular iron ore and beds of 
specular conglomerate are heavy bedded strata and schists in which 
none of the phenomena of aqueous deposits are wanting. They exhibit 
not only stratification, but anticlinal and synclinal folds. From a 
stratigraphical point of view the Huronian greenstones, schists, and 
iron ores of Marquette exhibit characters which render quite untenable 
the theory of the exotic character of any portion of them. 

AGASSiz,92 in 1867, finds at two ravines near Torch lake-one the 
Douglass Houghton-that the sandstone rests unconformably upon 
the trap. The trap dips N. 42°, while the sandstone, 100 feet distant, 
lies nea.rly horizontal, with no trace of an anticlinal axis between. 

The sandstone contains water-worn fragments of the trap. The saud
stone north of the range is conformable with the trap, but the sandstone 
south is plainly of a different. age. 

WHITTLESEY1
93 in 1876, finds nowhere on the American side of the 

boundary, except at Vermilion lake, rocks which are like the Laurentian 
of Canada. The great masses of granite and syenite around which the 
Huronian is formed do not resemble the Laurentian of the Oanadran 
geologists. Between the Canadian and American Huronian there is a 
very close resemblance. The conclusion ofFosteraud Whitneythatthe 
traps of lake Superior are of Potsdam age is adopted. The Bohemian 
range resembles more nearly the Huronian than it does the trap series. 
In this range are bands of friction conglomerates with the evidences of 
metamorphic sandstone passing into jasper, vesicular trap, and brec
cia. .A friction conglomerate also occurs at .Aminicon, Douglas county, 
Wisconsin. 

WADSWORTH, 94 in 1880, gives notes on the geology of the iron and 
copper districts of lake Superior. The contacts of the jasper and ore, 
which are interlaminated and have a common origin with the asso
ciated schists, are described, and at numerous points the contacts are 
found to be those of eruptive and sedimentary. The schistose struct
ure is regular, while the jasper and ore is exceedingly contorted, breaks 
across the schistose and other rocks, and contains fragments of the 
schists. Not the slightest sign of plasticity or intrusion of the schists 
relative to the ore and jasp~r was seen. The present lamination of the 
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schists exiRted prior to the intrusion of the ore. At the School-house, 
New York, and J ackRon mines the overlying rock contains debris of 
the underlying ore and jasper. The diorites, felsites, and diabases are 
intrusive rocks. The soft hematites differ only from the hard ore and 
jasper in that they have been leached by thermal waters and changed 
to their soft condition. The granite is found at numerous points to cut 
the schists and gneisses. At several places, also, it cuts a quartzit~,.. 
one of which resembles the ordinary Huronian quartzite. The crystal
line rocks of Presque isle are peridotite and serpentine which has re
sulted from the alMration of the peridotite. 

The only evidence that the Huronian unconformably overlies the 
Laurentian is the fact that the foliation of the latter does not conform 
in its dip to that of the former. However, no point was found in which 
it was possible to trace the rock continuously from well marked and 
mapped Laurentian into the Huronian. The general structure of the 
iron region seems to be as follows: The schists and sandstones were 
laid down in the usual way; were then disturbed by the eruption of the 
jasper and ore. Much of the original rock still remained horizontal, 
and new sedimentary deposits continued to be formed out of the jasper 
and other rocks. Next came the eruption of the diorite, which com
pleted most of the local folding and tilting of the strata. Finally the 
granite eruption took place on both sides of the Huronian, uplifting and 
contorting the strata near it, and perhaps laterally compressing the 
inclosed iron-bearing rocks. 

The conclusion reached by Foster, Whitney, and Marvine that the 
traps and lava flows and were successively laid down one upon the 
other, are covered by sandstones and conglomerates, is agreed ,~·ith. 
The sandstones and conglomerates when overlain by traps are usually 
baked and indurated. At the Douglass Houghton ravine and Hun
garian river the eastern sandstone, which has been maintained to rest 
against the trap and sandstone series unconformably,. is found inter, 
laminated with the melaphyres, and therefore settles the long-disputed 
question of the relative age of the traps and Eastern sandstone of lake 
Superior. The last melaphyre sheet which underlies the sandstone has 
a dip to the northwest of 20°. A3 the Douglass Houghton ravine is 
followed downward the dip gradually declines in steepness, although 
still to the northwest, the last dip measured being 5o. The junction 
between the Eastern sandstone and the trap, described by Agassiz and 
Pumpelly, is not the junction at all, it being some distance below in
stead of at the falls. In the Torch lake sandstone quarry the sandstone 
layers, instead of being horizontal as they have been regarded, have a 
dip of. l5°, the former supposed bedding being due to joints. As the 
Eastern sandstone conformably underlies the traps, the Eastern and 
Western sandstones and the traps lying between them are of the same 
geological age. 
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W .ADSWORTH, 95 in 1884, as a result of an examination of a supposed 
fossil from the copper-bearing rocks of lake Superior, described by Hall 
as being very like the Huronia or siphuneles of Orthoceratites, finds it 
to be of inorganic origin, having probably been formed by the flowing 
of a pasty lava in such a manner as to raise a series of ridges, giving an 
appearance closely like that of some cephalapods. The interior of the 
8pooimen is in 'all respects that of an ordinary volcanic rock. 

SECTION III. WORK OF THE MICHIGAN GEOLOGISTS AND ASSOCIATES. 

HouGHTON,96 in 1840, divides the rocks in the south and southeastern 
part of the Upper Peninsula into primary and sedimentary. The 
primary region stretches continuously in a northwestward direction for 
many hundreds of miles, skirting portions of the shores of lake Supe
rior, and constituting the highlands between that lake and the lake of 
the Woods. From these highlands it stretches a little east of lake 
Winnipeg, far to the northwest, finally constituting the immense "bar
ren grounds" of the British Possessions. The rocks of St. Marys river 
and adjacent region comprise greenstone, argillite, and granular quartz 
rock, which passes into an almost conglomeratic quartz rock. In this 
occur small quantities of hematitic iron ore. The sedimentary rocks 
include the lake Superior sandstone and lime rock and shales. The 
lake Superior sandstone is nearly continuous on the southern shore of 
lake Superior, and in its easterly prolongation rests against and upon 
the primary range of St. Marys river, where it passes conformably 
below the limestone above. The lake Superior sandstone, in its east
erly prolongation, does not attain a very great thickness, but in pro
ceeding westerly this thickness is vastly increased, attaining on the 
south shore of lake Superior to several hundred feet. A careful search 
for fossils in this sandstone has failed to reveal a single one. 

HouGHTON/7 in 1841, divides the older rocks of the upper peninsula 
of Michigan into (1) Primary, (2) Trap, (3) Metamorphic, (4) Con
glomerate, (5) Mixed conglomerate and sandstone, (6) Lower or red 
sandstones and shales, (7) Upper or gray sandstone. The Primary 
rocks are in a broad sense granite. The granitic rocks are largely 
traversed by greenstone dikes. The trap rocks of the district in a 
chronological order would follow the metamorphic slates and quartz 
rocks, but the granitic rocks pass by almost insensible gradation into 
the greenstones of the trap formation. 

The sedimentary rocks on the south and southeast of the main trap 
range are scarcely disturbed, while those on the north and northwest
erly sides are invariably tilted to a higJ?. angle near the range of hills. 
The sedimentary rocks on the north are traversed by frequent dikes, 
varying in thickness from 50 to 400 or 500 feet. The rocks on this 
northwestern escarpment were in an intense state of ignition while in 
contact with the sedimentary rocks, as shown oy the great changes 
which these rocks have undergone. The author is disposed to regard 
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the amygdaloid as due to the fusion. of the lower portions of the sedi
mentary rocks. 

At Presque isle is a little isolated knob of trap which has been up
lifted, as is shown by the way in which the stratification of the adjacent 
sedimentary rocks has been disturbed. They invarjably dip at a high 
angle in all directions from the trap. At the immediate line of junction 
the character of both rocks is lost, and the sedimentary rocks for a 
distance of several hundred feet have been shattered while retaining 
their original position, and were again cemented by an injection of cal
careous matter. 

The area of country occupied by the metamorphic group is less than 
by the Primary or Trap. The group is made up of an alternating series 
of talcose and mica-slates, graduating into clay-slates, with quartz and 
serpentine rocks, the quartz rocks being by far the most abundant. 
The metamorphic rocks are occasionally traversed by trap dikes. 

The conglomerate rock, the lowest of the sedimentary rocks, is inva
riably connected with or rests upon the trap rock. It is very variable 
in thickness and is without doubt a trap tuff which has accumulated or 
deposited around the conical knobs of trap during their gradual eleva
tion. The pebbles of the rock consist of rounded masses of greenstone 
and amygdaloid. They are usually :firmly cemented by calcareous and 
argillaceous material. Resting conformably upon the conglomerate is 
a mixed conglomerate · and sandrock. This mixed rock occurs upon 
isle Royale and was seen to be very widespread upon the south shore. 
The conglomeratic part of the mixed rock has the same character as the 
conglomerate rock. Dikes of greenstone are found in this mixed rock, 
but less frequently than in the rock below. The red sandstone is the 
chief rock that appears upon the immediate coast of the south shore of 
lake Superior. The primary, metamorphic, and trap rocks are almost 
invariably surrounded or flanked at their bases by this sandrock. The 
material of this sandrock differs widely from the conglomerate rocks, 
for these are made up of materials clearly of trappean origin and very 
rarely of quartz; while the red sandstone is composed of materials de
rived from the granitic and metamorphic rocks, in which quartz occurs 
abundantly. The red sandroc~ is less frequently traversed by dikes 
than the rocks before described, although they are sometimes noticed 
traversing the whole of the several rock formations, including the red 
sandstone. The upper or gray sandrock conforms to the limestone 
above it, and rests conformably upon tbe uptilted edges of the red saud
rock below. 

WINCHELL (ALEXANDER),98 in 1861, gives a general sketch of the 
geology of Michigan. Among the stratified rocks are placed the Azoic, 
while theunstrati:fiedrocks aredividedinto Volcanic, including lava, trap, 
etc., and Plutonic, including granite, syenite, etc. Tbe Azoic rocks are 
of immense thickness and are interposed between the crystalline, plutonic, 
and volcanic rocks and the lake Superior sandstone. The rocks in 
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this system in Michigan consist of talcose, chloritic, and siliceous slates, 
quartz, and beds of marble. In it are found the specular and magnetic 
ores of lake Superior. The Lake Superior sandstone is placed in the 
lower Silurian system. The solid quartzose character of the rock of 
St. Joseph's and Sulphur islands suggests the idea of its being Azoic; 
but the gradual transition from the unaltered sandstone of the Sault 
to the altered sandstone of N eebish rapids and jasper conglomerates of 
the western shore of Campement d'Ours, favors the idea of the equiva
lency of the sandstone and quart.zite, as it is also the fact that the fos
siliferous Chazy limestone is found directly upon the quartzite at Sul
phur island. 

CREDNER,99 i.n 1869, describes in the upper peninsula of Michigan the 
Laurentian and Huronian systems. The Laurentian system is the 
gneiss-granite formation, which includes many varieties of massive 
rocks, as well as hornblende, chlorite, and other schists, and also thin 
layers of dolomitic. limestones. 

The Huronian system is the iron-bearing formation. The general 
succession, begiuni11g at the base, is quartzite, in its upper parts often 
iron stained, 2,500 feet; crystalline dolomitic limestone, containing 
argillite, chlorite-schist, and layers of quartz, seldom conglomeratic, 
2,500 to 3,500 feet; more or less siliceous hematite, 600 to 1,000 feet; 
ferruginous chlorite-schist, 1,200feet; dark clay-slate, with beds of hard 
quartzite, 8,500 feet; chlorites-chist, with beds of diorite, 1,300 feet; 
talc-schist, with various impurities, 100 feet; aphanitic to granular di
orite, 2,300 feet; talc-schist, with various impurities, 1,500 feet. 

In the iron group is a granite dike on the Sturgeon river 12 feet wide, 
which breaks through the iron ore and jasper at a right angle to the 
schist. Over the iron formation, at the Michigamme mine, is found a 
conglomerate of jasper and fragments of quartz in an iron and quartz 
base. There is a discordance between the Laurentian and Huronian. 
The Potsdam sandstone rests upon the Huronian and Laurentian un
conformably. 

BROOKS and PuMPELLY,100 in 1872, maintain that the copper-bearing 
rocks of lake Superior are unconformably below the Lower Silurian 
sandstone. This is shown by the fact that the horizontal strata abut 
against the steep faces of the cupriferous series on Keweenaw point, 
the latter dipping away from the sandstone at an angle of from 600 to 
40°. Also for a long distance between the Montreal river and lake 
Gogebic the cupriferous series conform in strike and dip to the Huro
nian schists, dipping steeply to the north at an angle of from 500 to 70°, 
while the Silurian sandstone to the north, in a fiat-lying condition, cov
ers an extensive country. In Sec. 13, T. 46 N., R. 41 W., the Silurian 
sandstone is found in a nearly horizontal position, while 4 miles distant 
the cupriferous series dip to the north at an angle of 5oo. 

It is concluded that the cupriferous series was formed before the tilt
ing of the Huronian beds upon which it rests conformably, and conse-
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quently before the elevation of the great Azoic area. After the eleva
tion of these rocks, and after they bad assumed their essential litholog
ical characters, came the deposition of the lake Superior sandstone and 
its accompanying shales as a product of the erosion of the older rocks, 
and containing fossils which show them to belong to the Lower Silurian. 
At several places have been detected a lack of conformity between the 
Laurentian and Huronian in the upper peninsula of Michigan, but when 
the Huronian and Cupriferous are seen in contact there seems to be a 
well marked concordance between them. 

BROOKS, 10~ in 1873, divides the rocks of the upper peninsula in de
scending order into Lower Silurian, Copper-bearing rocks, Iron-bearing 
rocks, and Granitic rocks, and gives a systematic account of the last 
two, and especially of the economic geology of the iron-bearing series. 
The copper-bearing rocks correspond with the Upper Copper-bearing 
rocks of the Canadian geologists and occupy a narrow beit on the north
western edge of the upper peninsula. This series includes sandstones, 
which are nearly or quite identical with the Silurian in appearance, but 
their great mass is made up of different varieties of trap, often amyg
daloidal, interstrati:fied with beds of peculiar conglomerates. The lay
ers of these rocks are inclined, dipping northwest and north toward 
lake Superior, from vertical to as low as 23° on Keweenaw point. The 
iron-bearing rocks are assumed to correspond with the Huronian system 
of Canada. They may have a thickness of 5,000 feet. and consist of a 
series of extensively folded beds of diorite, quartzite, chlorite-schists, 
clay-slate, mica-slate, and graphitic shales, among which are interca
lated extensive beds of several varieties of iron ore. The most abun
dant rock is greenstone or diorite, in which the bedding is usually ob
scure, but the intercalated schists and slates usually bear strong marks 
of stratification. The dips are usually at a high angle and are more 
apt to be north or south than any other direction. The granitic rocks 
are believed to be the equivalents of the Laurentian of Oauada. In 
these the bedding indications are still more obscure and often entirely 
wanting. Also, if possible, there is more irregularity in strike and dip 
than in the Huronian. 

A full lithological description of the different phases of rocks found 
in the Huronian system, a.nd the various sections at the many mines in 
the upper peninsula are given in detail. 

The formations of the Huronian system in the Marquette region com
prisenineteen members, numbered from the base upward. I, II, III, and 
IV are composed of beds of siliceous ferruginous schist, alternating with 
chloritic schists and diorites, the relations of which have not been fully 
made out; Vis a quartzite, sometimes containing marble and beds of 
argillite and novaculite; VI, VIII, and X are siliceous ferruginous 
schists; VII, IX, and XI are dioritic rocks, varying much in character; 
XIII is the bed which contains all the rich specular and magnetic ore, 
associated with mixed ore and magnesian schist; XIV is a quartzite, 
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often cong-lomeratic; XV is argillite or clay slate; XVI is uncertain, 
it contains some soft hematite; XVII is anthophyllitic schist, contain
ing iron and manganese; XVIII is doubtful; XIX is mica-schist, con
taining staurolite, andalusite, and garnets. The t,otal thickness of the 
whole Marquette series may have an aggregate of 5,000 feet. 

The beds appear to be metamorphosed sedimentary strata, having 
many folds or corrugations, thereby forming in the lYiarquette region 
an irregular trough or basin, which, commencing on the shore of lake 
Superior, extends west more than 40 miles. • The upturned edges of 
these rocks are quite irregular in their trend and present numerous out
crops. While some of the beds present lithological characters so con
stant that they can be identified wherever seen, others undergo great 
changes. Marble passes into quartzite, which in turn graduates into 
novaculite. 

Near the junction of the Huronian and Laurentian systems, in the 
Marquette region, are several varieties of gneissic rocks, composed in 
the main of crystalline feldspar, with glassy quartz and much chlorite. 
Intersecting these are beds of hornblendic schist, argillite, and some
times chloritic schist. These rocks are entirely beneath all of the iron 
beds, seem to contain no useful mineral or ores, and are of uncertain 
age. No attempt is here made to describe or classify them. 

The diorites, dioritic schists and related rocks range in structure from 
very fine grained or compact (almost aphanite) to coarsely granular 
and crystalline, being sometimes porphyritic in character. The rock 
passes on the one hand into a hornblende rock, and on the other into a 
rock resembling a diorite. It is eminently schistose in character, split
ting easily, and appearing more like chloritic schist than any other 
rock. .At several points dioritic schists, semi-amygdaloidal in char
acter, were observed, and in one instance the rock had a strong resem
blance to a conglomerate. The bedding of the rocks is generally obscure 
and sometimes entirely wanting. It is only by a full study of the rock 
in mass and its relations to the adjacent beds that one becomes con
vinced, whatever its origin, that it presents in mass precisely the same 
phenomenon as regards stratification as do the accompanying schists 
and quartzites. Chloritic magnesian schists are associated with the 
pure and mixed ores. Oftentimes these magnesian schists several feet 
in width cut across the stratification and are called slate dikes. It is dif
ficult or impossible to draw the line between these magnesian schists 
and the dioritic schists. It is suggested that on the New England-Sag
inaw range and at the lake Superior mine, tepid alkaline waters have 
penetrated the formation and have dissolved out the greater portion of 
the siliceous matter, leaving the iron oxide in a hydrated earthy condition . 

.At the S. C. Smith mine and along Plumbago brook is found carbon
aceous matter. These carbonaceous shales burn white before the blow
pipe and mark paper like a piece of charcoal. 

.Above the Cascade ore is a bed of coarse conglomerate. The upper 
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quartzite of Republic mountain, near its base, is a conglomerate con
taining large and small fragments of fl.aggy ore. At the New England 
mine between the ore and the quartzite is a mass of specular conglom
erate similar to that at Republic mountain. 

The iron-bearing series is unconformably above the older Laurentian 
rocks .. The contact is observed in Plumbago brook, where a talcy red 
rock, unmistakably belonging to the Hurouiau, dipping at a low angle 
to the northwest, is in contact with the Laurentian chloritio gneiss, 
which dips at an angle of about 35° SSW. The same phenomena can 
be seen near Republic mountain, where the Huronian schists strike 
nearly at right angles to the Laurentian gneiss only 50 feet distant; 
both series dipping ~thigh angles, the Laurentian east of north, and 
the Huronian about 45 uegrees west of north. The non-conformability 
is i'urther shown by the fact that the Laurentian generally abounds in 
dikes of gTanite and diorite, which are almost entirely absent from the 
Huronian. 

Many details are given as to the Menominee and Felch Mountain 
districts. The rocks of these ranges are parallel with those in the 
Marquette district. At many places the Silurian rocks unconformably 
cap the iron-bearing ·rocks. . 

The lake Gogebic and Montreal river iron range is regarded as an 
eastern prolongation of the Penokee range of Wisconsin. The northern 
geological boundary is the south copper range, consisting of massive 
and amygdaloidal copper-bearing traps, the bedding of which is exceed
ingly obscure, with occasional beus of sandstone and imperfect con
glomerates. The strike of these rocks is east and west, with a dip to 
the north at a high angle, thus conforming with the Huronian rocks 
underneath. On the south of the iron-bearing rocks is a series of 
granites, gneisses, and obscure schists, which are u~mistakably Lau
rentian in their lithological character, and they are unconformably 
overlain by the Huronian rocks. The horizontal Lower Silurian sand
stones occupy a broad belt of country north of the copper range. Their 
actual contact with the highly tilted copper rocks was not seen, but 
they show not the ::;lightest evidence of disturbance within a few miles 
of these steeply inclined rocks, and are regarded as unconformably above 
fuem. · 

PUMPELLY,102 in 1873, gives a systematic account of the copper
bearing rocks. These on Keweenaw point consist of an immense devel
opment of alternating trappean rocks and conglomerates dipping to the 
northwest at an angle running from 60° to 23°. The red sandstone and 
shales of lake Superior are everywhere nearly horizontal on the south 
shore of lake Superior between the Sault Ste. Marie and Bete Grise bay. 
At the western edge of this belt its nearly horizontal strata abut against 
the steep face of a wall formed by the upturned edges of beds of the 
cupriferous series of melaphyre and conglomerate, which dip away from 
the sandstone at angles of from 400 to 600. This sharp line has been 
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explained as due to a fault, the horizontal sandstone being regarded as 
of the same age as the conformable overlying· sandstone of the cuprif
erous series. One objection to this explauation is the enormous amount 
of dislocation required, amounting to several miles. Again, near Hough
ton there are two patches of sandstone lying on the upturned melaphyre 
beds. In the horizontal sandstone near tllc so-called fault are abundant 
pebbles of melaphyre and conglomerate of the cupriferous series. But 
the most decided facts found by Maj. Brooks and the author are in the 
country between the Bad river in Wisconsin and the middle branch of 
the Ontonagon, east of lake Gogebic. Here the quartzites and schists 
of the Huronian formation are bordered on the south by the Laurentian 
gneisses, and are overlain conformably by the .bedded melaphyres and 
interstratified sandstones of the cuprifcrous series. Between these 
ridges forming the south mineral range and the main range of Kewee
naw point is the horizontally stratified Silurian sandstone, forming 
a generally level country. The conformable cupriferous and Huron
ian schists dip to the northward at angles from 50° to 70o, but in ap
proaching Gogebic lake from the west the pre-Silurian erosion has made 
a deep indentation across the cupriferous series and the Huronian, as 
well as into the Laurentian, so that a short distance west of the lake 
these rocks end in steep and high declivities, at the base of which 
lies the level country of the Silurian sandstone. On the Ontonagon 
river the Silurian sandstone is nearly horizontal, while about 150 steps 
from the base of the cliff are outcrops of Laurentian schists having a 
dip of 45° to 60° southeast. The nearest outcrop of the cupriferous 
series is about 4 miles distant, and it strikes nearly east and west and 
dips 500 to the north. The lithology of the copper-bearing rocks of the 
Portage lake district is fully given. The rocks are melaphyres and 
amygdaloids, interstratified with conglomerates. The paragenesis of 
the minerals associated with the copper is worked out. Several 
detailed cross sections are given at Portage lake, and one cross section 
at the Central mine describing the thickness and character of the 
alternating rocks in great detail. 

MAR VINE, 103 in 1873, gives in the greatest detail the structure and 
lithology of the alternating trappean and detrital beds of the copper
bearing rocks on the Eagle river section. The correlation of the Hough
ton and Keweenaw rocks is fully discussed. The Albany, Boston, and 
Allouez conglomerates are regarded as the same bed .. Stratigraphically 
eleven out of fifteen conglomerates have equivalents in both the Hough
ton and Keweenaw regions. The conglomerate beds of Keweenaw 
point are not mere local deposits, but are unusually persistent, and 
while a bed may thin out and lose its character as a conglomerate, it 
may still exist as a mere seam. In one instance a band extends for 
at least 50 miles, varying in thickness from a few to over 75 feet. It 
is therefore concluded that the changes which formed the welaphyres 
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ceased to act over extended areas during the time of the formation of 
the sandstones and conglomerates. The abundance of acid rocks among 
the conglomerates was noted, and opposite Calumet the former pres .. 
ence of predominant quartz-porphyry was inferred! 

RoMINGER, 104 in 1873, places the lake Superior sandstone as Potsdam, 
finding it directly overlapped by the calciferous formation. At Presque 
isle and Granite point the horizontal sandstones are found resting 
upon the crystalline rocks, there being at the former place a conglom
erate which rests unconformably upon the dolomite of Presque isle. 
The sandstones on the eastern shore of Keweenaw point retain their 
horizontal position and lithological character to such a degree that the 
different strata can be parallelized without difficulty with those of the 
more eastern localities. Near the center the horizontal sandstones are 
found abutting against the uplifted edges of a different rock series, the 
copper-bearing rocks. The abrupt edges of the strata look to the south
east, and their dip is in the opposite direction under angles varying 
from 70o to 40°. The unconformable abutment of the sandstones against 
the trappean series is plainly observed at several places near Houghton, 
on the property of the Isle Royale company, near the stamp works of 
the Calumet and Hecla mines, on the railroad coming down from the 
mines to the stamp works, and on the Sheldon and Columbia property. 

RoMINGER, 105 in 1876, describes the red lake Superior sandstone as 
unconformably abutting against or overlapping the trap rock with hori
zontally disposed layers. On the western slope of the ridge the trap 
rocks are conformably overlain by sandstones, conglomerates, and slates, 
the age of which is intermediate between the trap and the horizontal 
sandstone, but between all three there are such great lithological affinities 
that It IS natural to regard them as consecutive products of one and 
the same epochs. The absence of trappean rocks distinguishes the 
upper division from the lower. 

The Huron mountft,ins are a crystalline granitic and dioritic Lauren
tian rock series. These granitic rocks are surrounded by a narrow belt 
of the horizontal red sandstone of lake Superior, which abuts uncon
formably against them. The Huronian rock series, with uplifted beds 
alternating with slate rocks, quartzites, diorites, and jaspery strata, 
with seams of iron ore, lean unconformably against the granitic series. 

BROOKs, 106 in 1876, places granite as the youngest Huronian rock 
south of lake Superior. This granite occurs as the uppermost member of 
the Menominee and Penokee series, but in the latter it thins out and dis
appears before reaching the Gogebic region. The lithological character 
of this granite belt bears a general resemblance to the Laurentian 
rocks. This granite, from the fact that it does not give off dikes cut
ting the copper-bearing series, is belieyed to be earlier than the latter. 
Although there is approximate conformability in strike and dip, there 
is probably an unconformity between the copper-bearing rocks and the 
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Penokee-Gogebic Huronian, as shown by the fact that the former series 
is in contact in different places with various members of the Huronian. 
There is also an unconformity between the Huronian and Laurentian. 

As supporting the view that the pre-Silurian systems are distinct 
periods, attention is called to the lithological differences between the 
three series, as well as to the intensity of folding to which they have 
been subjected. The detrital members of the copper series consist of 
friable sandstone showing no greater metamorphism than the Silurian, 
and it is folded only in regular magnificent sweeps, the same strike and 
dip continuing in some cases for about 150 miles. The Huronian series 
consists of greenstones, various schists, clay-slates, quartzites, marbles, 
with gneisses and granites containing no copper, and having conforma
ble beds of the various oxides of iron, and is everywhere sharply folded 
into narrow troughs and irregular basins trending in every direction. 
The Laurentian is still more plicated and metamorphosed, the stratifi
cation often being entirely obliterated. Whether the Laurentian rocks 
can be separated into two or more nonconformable systems, as in 
Canada, no opinion is ventured. Since Keweenaw peninsula is a strik
ing geographical feature in lake Superior, and is the locality where the 
copper series is best exposed, the name Keweenawian is suggested for 
this period. 

BROOKS107, in 1876, gives a list of the rocks of the Huronian series 
in order of their abundance and as they occur in stratigraphical suc
cession in the Marquette, Menominee, Penokee, and Gogebic series. 
Lithologically the rocks are divided into (1' Fragmental rocks, exclu
sive of limestone; (2) Metamorphic rocks, not calcareous; (3) Calcareous 
rocks; ( 4) Igneous rocks. 

The Fragmental rocks include quartz-conglomerates, which occur in 
the middle horizon, both in the Marquette and Menominee and in the 
latter at the base of the series where it holds pebbles of granite, gneiss, 
and quartz. In the Metamorphic rocks not calcareous are included 
many varieties; the mica-bearing series includes granite, syenite, 
gneiss, mica-schists, hornblende-scb.ists, mica-slates, clay-slates, diorites, 
diabases, quartzites, siliceous schists, chert and jasper rocks, iron ores, 
as well as many others. Among the en1ptive rocks is a feldspathic 
series, including granite dikes; hornblendic and pyroxenic series, in
cluding diabase and similar rocks, and hydrous magnesian schistose 
rocks which are found in dike-like forms crossing the quartzites, iron 
ores, and greenstones. 

The succession in the Marquette region from the base upward is (a) 
syenite, diorite, diabase, hornblende-schists, slates, conglomeratic 
quartzites, and various quartzose iron ores; (b) quartzite graduating 
into protogine, and containing interstratified beds of dolomitic marble; 
(c) ferruginous quartzose schist; (d) hornblendic rocks with green
stones; (e) ferruginous quartzose flags, clay-slates, and quartzites; (/) 
hornblendic rock, related to diorite and diabase~ (Q) siliceous hematitic 
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and limonitic schistose ores; (h) diorite, hornblende-schist, and chlor
ite-schist; (i) arenaceous quartz-schist, banded with micaceous iron 
and quartzose limonitic ore; (j) pure specular hematite and magnetite, 
with banded jaspery schists and interstratified beds of chloritic and 
hydromica-schist; (k) an arenaceous quartzite, often semischistose and 
conglomeratic; (l) argillaceous slate; (m) quartz-schists; (n) antho
phyllitic schist; (o) mica-schist. Similar successions are given in the 
other regions mentioned and correlated with that in the Marquette 
region, and all of these successions are compared and correlated with 
Logan's succession in Canada. 

The Huronian in the Marquette, Menominee, and Gogebic regions is 
nonconformable with the Laurentian. 

PUMPELLY, 108 in 1878, describes lake Superior as divided into two 
distinct basins by Keweenaw point, the western basin being a geosyn
clinal trough. The southeastern lip of this trough consists of an im
mense development of volcanic rocks in the form of great beds and 
flows associated with conglomerates and sandstones, both of which con- · 
sist essentially of porphyry detritus. This Keweenaw series is more 
nearly conformable with the underlying highly tilted Htuonian schists 
than with· the Potsdam sandstone. The prominent eruptive rocks of 
the Keweenaw series fall under the two heads, diabase and melapbyre. 
The changes which have taken place in the interior of the rock masses 
since eruption, that is, the metasomatic development of these rocks, is 
traced out in great detail. 

WRIGll'I',109 in 1879, describes the Laurentian series as consisting of 
coarsely crystalline massive granites, passing into gneissoid rocks, and 
these graduating into mica-schists, and the latter even as imperceptibly 
in.to slates. The Laurentian granite is regarded as a metamorphic 
sedimentary rock, because the quartz grains contain cavities filled 
with liquid, while igneous granites never contain such cavities, but 
rather those filled with glass or stone. The lower Huronian strata have 
been chiefly derived from the ruins of the Laurentian rocks. The non
confor:J?.ity between the Laurentian and Huronian may be seen at Pen
okee gap. Here the dip of the gneissoid granite is about 70o to the 
south, while the plainly bedded Huronian strata in direct contact have 
a dip of G5° to the north. At the Macomber mine, near Negaunee, is 
found a bed of manganiferous hematitic shale bearing the impression 
of some fossil which Profs. Brush, Verrill, Dana, and Smith pronounce 
to belong to the lower forms of life. The Lower Silurian sandstone 
ab~ut the city of Marquette is nearly horizontally bedded, and rests 
unconformably on and against the Huronian. 

RoMINGER,110 in 1881, gives a general account of the Marquette and 
Menominee iron region, with very voluminous details as to J)l'rticular 
localities. 

The Marquette region.-In general remarks on the geology of the 1\far
quette district the succession is (1) Granitic group; (2) Dioritic group; 
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(3) Quartzite group; (4) Iron group; (5) .Arenaceous Slate group; (6) 
Mica-schist group; and (7) Serpentine group; but later it is seen that 
the Quartzite group reposes upon the Iron group, so that the order 
of 3 and 4 is reversed. The Silurian sandstones rest horizontally on 
the other rock formations and frequently contain fragments of the 
underlying formations. The crystalline granitic masses are directly 
confined to the northern and southern limits of the Marquette district. 
The dip of the strata on the south part of the trough is usually to the 
north, and on the north side to the south, so that we may consider this 
area as a synclinal caused by the upheaval of its northern and southern 
margins. The granitic and sedimentary rock masses are traversed by 
rock belts of a crystalline character, which represent lava streams 
intruded at different periods subsequently to the rocks cut. 

In the Granitic group the granites are found interstratified with the 
Huronian schists of the Dioritic group. The granites are usually mid
dling coarse grained and in the main are massive, although disthwt 
gneissoid rocks have a limited occurrence. Besides the dioritic dikes 
there are in the granites crystalline non-stratified masses resembliug 
eruptive dikes. In several instances granite dikes show a laminar 
arrangement of the mica scales. .Also syenites are associated with the 
ordinary granites. The hornblende rocks associated with the grauites 
are distinguished from those occupying a higher position in the series 
by the brighter luster of the hornblende crystals. Dioritic rocks occur 
interstratified· with the granites, which are probably of the same origin 
as the volcanic eruptives. In the Laurentian rocks no limestones, lay
ers of quartzite, nor beds of iron ore are found. The granitic rocks in 
their present position are actually the younger rocks, as shown by the 
intrusion of large masses of granite between the stratified sediments of 
the Dim·itic group. 

The dioritic group is regarded as remelted, completely metamor
phosed Huronian sediments, their more crystalline character being dne 
to their closer proximity to the volcanic forces. The rocks of the Dio
ritic group include a large succession of schistose beds of uniform 
character, interstratitied with massive diorite. In the dioritic rock 
chlorite frequently replaces the hornblende and often seems to be a 
product of its decomposition. The massive diorites are usually con
formably bedded with the schists and often insensible gradations from 
the schistose conditions to the massive diorite can be seen. The expos
ures of massive diorite generally form a nucleus around which the 
inclosing rock masses are arranged concentrically with a more perfect 
schistose structure. In the Dioritic group are conglomerates. One 
variety is well exposed at Deer lake furnace, where the pebbles are of 
a feldspathic substance which on fresh fracture contrasts little with 
the surrounding schistose mass. .Also extensive conglomeratic masses 
are found full of granite pebbles of larg·e size in Sec. 2, T. 48 N., R. 26 
W., and in Sec. 29, T. 48 N., R. 25 W. In opposition to Brooks it is 
maintained that there is but one iron-group formation. 
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The Quartzite group is in places interstratified with ferruginous and 
siliceous seams, as well as novaculitic strata and siliceous limestones. 
Frequently in the quartzite is a conglomerate containing abundant 
q nartz fragments, and also not infrequently containing granite and 
slate fragments. Oftentimes these conglomerates containing the gran
ite fragments are very close to the massive granite, while it not infre
quently underlies them. At onA place "in which the quartzite is in con
taet with the granite the one rock is seen to graduate by imperceptible 
stages into the other, in which case the sedimentary strata are changed 
iuto tl1e granite-like rock by being exposed to the contact with the 
eruptive granite. In another place a granite breccia containing large 
frr~gments of granite is found in connection with such large masses of • 
granite as to be too great to be fragments of a breccia, and this sug-
gests that the nucleus of the hills are solid granites, whose shattered 
portions are recemented on the spot by sedimentary debris washed 
juto the interstices. In the next hill to the south the inclosed water-
worn pebbles are in part granite and in part slate. Above the ore
bearing rock beds is generally a very coarse quartzite conglomerate 
which often has the characters of a coarse grained ferruginous quartz-
ite and grades down into a brecciated ore. The fragments are chiefly 
orC', jasper aud quartz, and the cement is arenaceous or ferruginous. 
This occurrence is so general as to suggest that great disturbances not 
of a local extent must have occurred at the end of the era of iron sedi
ments. The number of localities and mines at which this conglomerate 
or breccia occurs is very great. Among the latter are the Home, Gib-
bon, Jackson, Cleveland, Cascade, Gribben, Salisbury, Lake Superior, 
Champion, Saginaw and Goodrich, Keystone, Republic, and Michi
gamme. 

The Iron group occupies a position inferior to the Quartzite group, 
and there are not two horizons here, as supposed hy Brooks. It is.com
poscd of banded jasper, conformable chlorite-schist, and ore. The ore
deposits are not regular sedimentary layers, but the product of the 
decomposition of the impure ledges by percolating waters, leaching out 
tbe siliceous matter and replacing it with iron oxide, and are therefore 
very irregular in form. The strata are in a much disturbed condition, 
folded and distorted in every possible way, usually without fault. 
These disturbed beds lie in every instance directly, but often uncon
formably, on chloritic or hydromicaceous schists, or on crystalline dio
ritic masses, which are com;tant associates of the chlorite schists, or on 
dioritic schists. At the Jackson mine are knobs of diorite associated 
with schists surrounded by the banded jasper rocks, which are evi
dently corrugated by the intrusion of this mass. In places the ore
bearing formation is not found incumbent on the Dioritic group. At 
Teal lake the quartzite is found under the ore and the diorite over the 
ore, which leads to the conclusion that these strata are in an over
turned position. 
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The Arenaceous Slate group of great thickness is so designated 
because a large portion of the rocks here included consist of sandy sili
ceous layers, alternating with slaty argillitic rock beds and occasion
ally with compact quartzite. The strata in different localities quite 
often differ considerably. The rocks of this group are incumbent on 
the quartzite formation, but also sometimes rest upon the ore-bearing 
rocks~ and quite often are found in direct contact with the dioritic 
series. The rocks are sometimes conglomeratic or brecciated, the frag
ments consisting of different kinds of rocks. In the black roofing 
slates of Huron bay the cleavage is discordant with the bedding. 
Occupying a position above the black slates are the ore deposits of the 

• Taylor mine, near L'Anse, and of the Northampton and D'Alaby, north 
of Champion; also the S.C. Smith and other mines. These ores are 
contemporaneous and equivalent to that of the Commonwealth in the 
Menominee district. 

The Mica-schist group is found exposed for the most part about 
Michigamme village. The Serpentine group includes the rocks of 
Presque isle and those of similar class. The Silurian sandrock reposes 
unconformably upon the Serpentine formation at Presque isle. .Besides 
the serpentine and other magnesian silicates, limestone comprises an 
important share of this group. 

The seven previous groups, considered to be a succession of sedi
mentary strata, are intersected by various dikes, among which are a 
dioritic rock and dolerite dikes, the latter of which are later in age than 
the former. No proof has been found of any discordance between the 
granites of Marquette and the adjoining Huronian beds. On the con
trary, outcrops of the two kinds of rocks exhibit a remarkable parallel
ism in strike and dip, and in many localities the Huronian schists and 
belts of granite are inter laminated in perfect conformity. The granite 
is, however, regarded as intrusive masses. The granites are therefore, 
with reference to the stratified sedimentary rocks, actually the youuger 
rock. 

The Menominee region.-Many localities and sections in the Menomi
nee iron region are described in detail. The Silurian sanustone is found 
to rest unconformably upon the nearly vertical Huronian strata. Near 
Sturgeon river falls, in the river, the quartzite formation reposes un
conformably on the granite. Thick layers of limestone are found in 
the series, and this is sometimes conglomeratic. The fissile phyllite 
schists are found in discordance with the dioritic schists at lake Han
bury. The granitic and gneissic rocks south and north of the Felch 
mountain ore formation are found to be absolutely identical. The dio
ritic rocks are found generally and play the part of an intrusive with 
regard to the strictly sedimentary rock beds of the Huronian series. 
The dioritic group is held to be older than the iron-bearing group be
cause it exhibits a greater degree of metamorphism and on the ground 
that it is lithologically like the equivalent dioritic group of the Mar-
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quette district. It has evidently been transformed under the coopera
tion of heat and partially brought into a plastic condition. 

In the eastern part of the Menominee region the rocks found com
prise, in descending order, the lake Hanbury slate group, perhaps 2,000 
feet in thickness; the Quinnesec ore formation, which comprises mica
ceous and argillitic strata, containing ore bodies, not less than 1,000 feet 
thick; and the Norway limestone belt, at least 1,000 feet thick. The 
Commonwealth mine, in the western part of the Menominee district, rep
resents a higher horizon than the Quinnesec ore formation. 

Wiii¥JHELL (N. H.), 111 in 1888, describes in the Marquette district the 
conglomerate overlying the ore and jasper formation at several mines, 
and places the overlying quartzite in the Potsdam. North of Bessemer 
is a basal cong·lomerate of the Oupriferous series which is inferred to lie 
unconformably upon t.he Gogebic iron-bearing rock. This conglomerate 
appears to be the equivalent of the overlying Potsdam conglomerate of 
the Marquette region, which makes the Gogebic series pre-Potsdam. 
The granite underlying the Huronian slates at the Aurora mine was 
originally a conglomerate, but it has acted the role of an eruptive rock 
and has flowed over the adjoining sedimentary strata. This granitic 
conglomerate is parallelized with the Ogishki conglomerate of Minn
esota, and tlle overlyiug sedimentary rocks are the equivalent of the 
Animikie. 

WINCHELL (ALEX.),112 in 1888, finds the Marquette iron-bearing rocks 
to have the same geolog-ical position with respect to the crystalline 
schists and gneisses aud to consist of sediments of the same character 
as those of the Vermilion range. At Deer lake fltruace is a peculiar 
couglomeratic rock which appears sedimentary, but is much altered and 
has a quasi-eruptive aspect. This co11glomerate is like that of Stuntz 
island in Vermilion lake. Near Negaunee is an argillite which has a 
lower dip than a greenish chloritic quartzose rock across a railroad from 
it, and the two are therefore unconformable. 

The rocks of :Marquette are older than the Huronian because they 
differ from them litllologically; because the Canadian Huronian is imme
diately succeeded by the Paleozoic system, while the Marquette strata 
is not; because some evidences are found that in the 1\.farquette dis
trict there is an overlying unconformable sub-Paleozoic system; and 
because the 1\Iarquette series, being the equivalent of the V errnilion, is 
older than the Animikie slates, which are the equivalent of the Huro
uia.n. 

The rocks of the Gogebic rang·e are regarded as the equivalent of 
those of the Marquette region because they resemble them lithologic
ally, and because they are in an analogous position to the crystalline 
rocks. Between the Penokee series and the underlying schists there is 
a marked unconformity, the Penokee rocks dipping to tlle north, while 
the hornblende-schists dip to the south. The Penokee series strata are 
lithologically unlike the ore-bearing strata of Gogebic, Marquette, and 
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Vermilion regions, but resemble those of the Animikie series and are 
therefore perhaps Huronian, while the Gogebic iron-bearing strata are 
not. 

W ADSWORTH,113 in 1890, gives a general account of the geology of 
the l\iarquette and Keweenaw districts based upon his own and other 
works. The Azoic system includes fragmental and eruptive rocks. 
Among the former are various argillites and schists of the .Marquette 
district. Among the eruptive rocks are placed the jaspiliteR anrl their 
associated ores, with the exception of certain soft iron ores of chemical 
origin. The Keweenawan is again placed as a part of the Potsdam, 
since the first lava flow found on Keweenaw point flowed over the 
Eastern sandstone. Subsequently there has been a fault line or fissure 
running n~ar the contact of the sandstones and lavas. This fault is 
regarded as normal and it accounts for the fact that sometimes the 
lavas and s'ometimes the associated conglomerates are brought in con
tact with the Eastern sandstone along the fault line. 

WADSWORTH, 114 in 1891, modifies Romewhat the foregoing account of 
the Azoic system. A portion of the jaspilites and associated iron ores 
are still held to be eruptive, but it is suggested that even for these 
supposed nonfragmental jaspilites of Ishpeming and Negaunee, their 
present relations may be due to sedimentary and chemical action and 
the squeezing together of the jaspilite and schist. The jaspilite and 
ore, with the associated quartzites, o~curring at Cascade, Republic, 
Humboldt, and a part of those at Ishpeming and Negaunee, as well as 
those of the overlying quartzites and schists, are sedimentary. In the 
Marquette district there are three distinct geological formations or ages 
in ascending order as follows: First, the hornblende-schist and granite 
of Cascade or Palmer and the nonfragmental jaspilite and ore of Ish· 
peming and Negaunee-the Cascade formation. Second, the frag
mental jaspilite and ore, with their associated quartzites and schists of 
Cascade, Republic, Humboldt, Ishpeming, Negaunee, and elsewhere
the Republic formation. Third, the overlying cong:lomerates, quartz
ites, and schists of Cascade, Republic, Holyoke, and elsewhere-the 
Holyoke formation. 

Above the detrital Republic formation at the Cascade range is another 
detrital formation which contains water-worn debris derived from the 
underlying deposits of jaspilite and ore, and is therefore uncomforma
bly above it. At preseut it is not possible to determine positively 
whether there are really three formations ;-ts given, or from four to six 
dift:erent ones, or whether the three m:rty be reduced to two. 

W ADSWORTH,115 in 1891, finds that the Lower Silurian, containing 
Trenton fossils near L'Anse, overlies the sandstone conformably, both 
having a synclinal structure; which tends to confirm the commonly 
recmved view of the Potsdam age of the Eastern sandstone. 

W ADSWORTH,116 in 1891, gives obRervations upon the South Trap 
range an<l adjacent sa nus tones. Various places are mentioned, includ-
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ing Silver mountain, which are composed of lava :flows. These traps 
sometimes have a dip not higher than go to 200. In Sees. 11, 13 and 
14, T. 46 N., R. 31 W., sandstone is found overlying the lava :flows. The 
Eastern sandstone on Traverse island, in Keweenaw bay, is said to 
have an inclination of from 5° to 14o, while in the vicinity of Toreh lake 
it has a dip of from 5° to 23°. It is concluded that the above observa
tions go to show that the lava flows of the South 'rrap range east of 
lake Gogebic do not dip at a high angle, as has been generally asserted, 
and further that the Eastern sandstone is not horizontal, as has been 
generally stated, but that the two dip at a low angle, generally 5° to 
~0°. These observations also indicate that the Eastern sandstone and 
the lava flows of the South Trap range are one formation, and are as 
conformable as eruptions of lava can be with a contemporaneous 
sedimentary deposit. 
Ro~nNGER, 117 in unpublished manuscript of the Michigan Survey for 

1881 to 1884, further reports upon the complex described in the former 
volume as the Huronian system. The lower granite and gneissoid por
tion of the rock groups in the l\farquette region exhibits the characters 
of au eruptive and not of an altered sedimentary rock. Generally a 
solid crust of granite probably served as a substratum on which the 
Huronian sediments were laid down, but an opportunity is not often 
afforded to see the rocks in contiguity well enough exposed to allow a 
discrimination as to whether such contact is an original primary one or 
resulted from dislocation. The existence of granite as a surface rock at 
the time the Huronian sediments formed is proved by the occurrence of 
belts of granite, conglomerate and br.eccia in different horizons of the 
series. 

A large belt of conglomerate formed of rounded weather-worn granite 
pebbles and schistoi;e rock fragments, cemented by a matrix of similar 
schistose material, is seen in contact with a granite belt in the south 
half of Sec. 2, T. 48 N., R. 26 W.; in theSE.-! Sec. 22, T. 47 N., R.26 W.; 
and in the north half of Sec. 29, T. 48 N., R. 25 W. In the first of these 
localities the fragments are different from the underlying granite. The 
second locality furnishes a better proof of the deposition of Huronian 
sediments on a base of granite. Here several knobs centrally com
posed of massive granite are surrounded by a mantle of coarse granite 
breccia, with a well laminated quartzose material as a cement. This 
breccia is conformably succeeded by hydromica-slates, intedaminated 
with heavy belts of compact quartzite. At the third locality granite 
couglomeraJ~e is inter laminated with dioritic schists, but is remote from 
granite outcrops. The gradation of the quartzite formation into the 
granite, described in the previous report as occurring in the JlOrth part 
ofT. 4'7 N., R. 25 W., is now considered as a recemented mixture of 
granite fragments min~led with arenaceous material, although it is sin
gular that the orthoclase crystals copiously found in the mass have all 
sharp outlines and are quite fresh. 
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The upheaval of the granite and its intrusion into the overlying strata 
occurred in all probability near the termination of the Huronian period, 
as we find the granite in contact with all the B uronian strata up to the 
youngest, and these always in a disloeated position. Intrusive belts of 
grauite41re usually never found to intersect beds higher than the iron
bearing group, except in the country north of the Penokee range in 
Wisconsin, and in the vicinity of Duluth, Minnesota, where granite or 
granite-like rocks cut across eruptive belts of gabbro which are them
selves more recent than any of the sedimentary strata of the Huronian. 
These granites dif:l'er from the ordinary granites at the base of the 
Huronian, and are most likely younger. The dislocation of the Huronian 
beds is not exclusively due to the upheaval and intrusion of the granite, 
but has been caused in part by diorite and diabase intrusives which 
intersect the granite as well as the incumbent beds. The d-iorites inter
secting the granite are identical with similar rocks interstratified with 
the schists of the Huronian group conformably or transversely inter
secting· them, ancl they therefore represent one and the same volcanic 
injection. From the massive forms of diorite a gradation exists into a 
schistose condition. This led to the conclusion in the former report 
that the massive diorites had sufl:'erecl secondary fusion; but as the 
autlwr is now convincecl that schistose structure is not necessarily the 
result of aqueous sedimentation, it is concluded that the dioritic group 
does not belong in the sedimentary succession. Dolerite or diabase 
rocks intersect in dike-like-form all the Huronian rocks, as well as the 
granites. .As they are like those of the copper-bearing series, these 
rocks, as well as the contemporaneous flows, are regarded as belonging 
to the same geological period. Iri the Felch mountain region one dike 
(15 or 16 feet in thickness) ofholocrystalline granite cuts across the iron
bearing series. In Sec. 33, T. 42 N., R. 28 W., another granite dike cuts 
through the iron-bearing rocks . 

.Above the iron-ore group of the Marquette and Menominee districts 
before described is found at many localities important deposits of iron 
in both these regions which belong in the .Arenaceous Slate group. 
There are, therefore, two iron horizons instead of one, as before sup
posed. The mica-schist formation, supposed to belong above the Are
naceous Slate group, is found to dip conformably below it in some places, 
and therefore is really a part of the Arenaceous Slate group, and is 
believed to represent its middle horizon. The slate group about L'Anse 
and Huron bay is black and often graphitic. The slate beds at Plum
bago creek are succeeded by schistose beds richer in red feldspar and 
containing little quartz, which might by superficial examination be mis
taken for granite, but which is evidently a fragmental' rock formed by 
the detritus of the granite which near by forms large mountain masses, 
and the granite of which is very rich in red feldspar and contains com· 
paratively little quartz. 
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The Gogebic region is described and the rocks are divided into gran
itic, dioritic, iron ore, and upper slate groups, which are analogous to 
the similar groups in the Marquette country. Granite seams were found 
here cutting across the dioritic schists, but were not found to cut the 
truly sedimentary strata. Locally, in contiguity with the granite, are 
heavy quartzite strata which are often conglomeratic, and arc tilled with 
rounded granite pebbles. The dioritic rocks above the granite often 
have a brecciated or conglomeratic structure, the fragments being vari
ous kinds of diorite cemented by the same material. The diorite is of 
eruptive character, as is shown by the occurrence of belts of it cutth1g 
transversely through the ore-bearing series. Limestones are also found, 
which occupy the same position as the limestones below the ore-bearing 
strata in the Menominee district. 

The succe~ion in the Felch mountain, from the base upward, is (1) 
granitic or dioritic rocks; (2) quartzite beds; (3) fissile quartz schists; 
(4) micaceous argillite; (5) crystalline limestone with siliceous seams; 
(6) ferruginous quartzites, containing the ore beds. 

SEC1'ION IV. WORK OF THE WISCONSIN GEOLOGISTS AND ASSOCIATES. 

PERCIVAL, 118 in 1856, describes the quartzite ridges of Baraboo and 
Portland. The rock is a hard granular quartz, which has more or less 
distinct lines of stratification, and resembles much a Primary granular 
quartz. In the Baraboo rock are layers more or less :filled with rounded 
pebbles of quartz, resembling layers of the same kind in the lower 
sandstone, and oblique cross Iiues between the regular lines of stratifi
cation, which occurrences appear to connect it with the lower sand
stone. The dip of these ranges is at a moderate angle to the north, 
and if the rock is formed from the sandstone ~y igneous action from 
beneath, the metamorphic change has not been accompanied by much 
disturbance of the strata. The localities in which Primary rocks are 
found are all within the limits of the lower sandstone, and most of them 
occur at the falls of the northern rivers. These rocks are mainly horn
blendic and syenitie, although trap roeks resembling the intrusive traps 
ofCon11ecticutareseen, but these are believed to be rather Prima,rygreen
stones. Descriptions are given of the rocks of Marquette and Wau
shan1 counties, of those of Black, Wisconsin, St. Croix and other rivers. 
On Black river the rocks are syenite, greenstone and chlorite slate, the 
latter accompanied by iron ores. 

DANIEL,119 in 1858, describes the iron ores of Black river falls as as
sociated with the chloritie and micaeeous slates of the Azoic system. 
Syenite is also found adjacent. The fos~iliferous horizontal sandstone 
rests upon the upturned edges of the Azoie slates, and at the base of 
it is a brecciated conglomerate consisting of sand, ore and slate. In 
the lower part of the Baraboo valley are lofty ranges of hard quartzite 
which are the soft erumbling Potsdam sandstone violently disturbed 
and changed. 
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LAPIIAM, 120 in 1860, describes the Penokee iron range. Here is found 
a mountain mass of iron ore in an ancient chloritic slate, which rests 
upon a light colored quartz rock. Abo-ve and north of the ore the slate 
is har~ened, probably by some volcanic agency. The whole series dip 
to the north. 

HALL (JAMES), 121 ht 1861, describes the quartzite ranges of northern 
Wisconsin, and partiCularly those of Spirit lake, as having been original 
stratified sandstones which have undergone subsequent metamorphism. 
These rocks are folded with their axes lying in an east and west direc
tion and had become uplifted and metamorphosed before the commence
ment of the Potsdam era. In the quartzites in two or three localities 
are found beds of conglomerates. These metamorphic masses are in all 
probabi1ity the extension of the Huronian formation of Canada. 

HALL (JAMES),122 in 1862, describes the central and northern areas of 
"\Visconsin as consisting of the Azoic rocks. These are bard and crystal
line, are often destitute of lines of bedding, though they are in reality 
as regularly stratified as the more modern formations. Notwithstand
ing their crystalline character, their alternation of beds of different 
texture indicates their original different mechanical conditions as clearly 
as in any of the unaltered strata. They were deposited precisely as 
clay, sand, and limestone strata of more recent geological periods, and 
owe their present character to metamorphism. These rocks are gran
itic, syenitic, gneissoid, or hornblendic. In the southern part of the 
area of the crystalline rocks are numerous elevations of them appear
ing within the limits of the succeeding stratified rocks, so that we know 
that these latter are of later date. North of the Azoic rocks is the 
range of trap, conglomerate and sandstone bordering Lake Superior 
and known as the copper region. The quartzite ranges of Baraboo and 
Necedah hold the same position relative to the Potsdam sandstone as 
the Huronian system of the Canadian survey. 

WIIITTLESEY,123 in 1863, describes the copper-bearing strata of Ke
weenaw point as extending southward across the boundary of the 
state of Michigan into Wisconsin, a dista11ce of 160 miles. The order 
of rocks along the line is everywhere the same. Beyond the copper 
range, which is nearer to lake Superior, is a second range known as 
the iron range, a!ld to this the name Pewabik was applied, aJtlwugh by 
a misprint it was transformed to Penokee. 

Pas:siug from lake Superior to south of the iron range, the structure in 
descending order is as follows: Formation No. 1, Potsdam sandstone, 
consisting of sandstones, conglomerates, black slates, and altcr11atious 
of trap and sandstone; No. 2, Trap pose, in two .members; No. 3, Horu
bleudic; No.4, Quartz, with slaty layers; separate<l into two member:-; 
by a bed of magnetic iron and iron slate; :No. 5, Granites and syenites 
of central Wisconsin. This system is everywltere stratified and con
formable throughout. On the Bad anu Moutreal rivers are found no 
masses of crystalline limestone. 
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IRVING, 124 in 1872, maintains that the quartzites of Sank county are 
unconformably below the Potsdam, because they are uptilted at a 
high angle, while the Potsdam is horizontal, and the horizontal sand
stone abuts against the quartzite and holds fragments derived from 
it. These quartzites are either Laurentian or Huronian. 

MURRISH,125 in 1873, describeR the quartzite ranges of Baraboo as a 
metamorphic sandstone of the Potsdam age. On the Black and Yel
low rivers are found granitic and lwrnblendic Azoic and plutonic rocks. 
At Black river falls are knobs of magnetic ore in a series of elongated 
knobs or mounds, associated with quartz and mic!:teeous slate. At 
Grand rapids, on the Wisconsin river, Azoic rocks similar to those on 
Black river are found. A quartzite mound at Necedah occupies a 
geological position similar to the iron ores at Black river falls. 

EATON, 126 in 1873, maps the quartzites of the Baraboo river. At 
Al>leman's the highly tilted quartzites are :flanked on both sides by 
horizontal sandstone and conglomerate, the latter having angular frag
ments of the quartzite of varying magnitudes. The overlying sand
~tone is exactly like that described by Irving at Devil's lake as con
taiuing Potsdam fossils. The sandstone is above horizontal limestone 
containing Pleurotomaria. The ·quartzite is then an old Azoic reef of 
tilted rocks which has suffered enormous erosion before washed by the 
waves of the Potsdam sea. 

IRVING, 12
' in 1873, maintains the pre-Potsdam age of the Portla11d 

'JUartzite on the same ground as the pre-Potsdam age of the Baraboo 
ranges. There is a close similarity between the Baraboo and Portland 
quartzites and the rocks in northern Wisconsin and Michigan which 
are now regarded as Huronian. 

IRVING, 128 in 187 4, describes as occurring in northern Wisconsin four 
distinct groups of rocks, the Laurentian, Huronian, Copper-bearing, 
and Lower Silurian. The Laurentian consists of granites, gneisses, 
and syenites for the most part, although there may be various schist 
beds present. The Huronian rocks consist of siliceous schists, quartz 
rock, and black slates, magnetic and specular schists and slates, 
metamorphic diorite and diorite-schists. Its lowest portion is of 
simple siliceous schist with some granular white quartz, gray quartz
ite, and black slate. The central portion consists of magnetic and 
specular slates and schists in whieh all the ores are found, and the 
highest and northernmost portion consists of diorites, diorite-slates, 
diorite-schists, and quartz-slates. The Copper-bearing series is next 
north of and immediately overlies the Huronian, and is of enormous 
thickness, never less than 4 miles. The lower portions of the group 
are probably in part of igneous origin, but the upper portions are be
yond all doubt exclusively the results of sedimentation. The group 
consists of shales, sandstones, conglomerates, amygdaloids, and traps. 
The sedimentary series do not altogether overlie the trappean beds, 
but are near their junction dir~ctly and unmistakably interstratified 
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with them. The Silurian rocks in Ashland county are in a horizontal 
position in a trough between two lines of highly tilted beds of the 
Copper-bearing series. At one place the horizontal sandstone is found 
within a few hundred feet of the copper-bearing trap and within 2 miles 
of vertical sandstones· of the same group. 

In Douglas county the horizontal sandstone is traceable to within a 
short distance of the trap, and sometimes to actual contact, the trap 
dipping, whenever it is observable, always to the southward, and 
having no tilted sandstones and conglomerates associated with them. 
As the Huronian and Copper-bearing series are in apparent con
formity it is concluded that they were once spread out horizontally 
one over the other, and owe their present highly tilted position to one 
and the same disturbance; and subsequently, after a long period of 
erosion, the horizontal Silurian sandstones were laid down over and 
against the upturned edges of the Copper-bearing series; and that 
hence the Copper-bearing series is more nearly allied to the Archean 
than to the Silurian rocks. One fact is, however, difficult of explana
tion on this hypothesis. In Douglas county at several places the hor
izontal sandstones, when traced to their junction with the south ward 
dipping trap, present a remarkable cliange; the horizontal layers are 
suddenly seen to change from their ordinary. position to a confused 
mass of broken layers, dipping in every conceivable direction ami in
creasing in confusion as the trap is approacbed, until finally the whole 
changes to a confused breccia of mingled trap and sandstone fragments. 
It is suggested that this appearance is due to the movement of the solid 
trap northward against the sandstone since the deposition of the latter 
rock. The great lake Superior synclinal of Copper-bearing rocks is 
found to extend west into northern Wisconsin. 

SWEET/29 in 1876, describes the junction of the Laurentian and Hu
ronian rocks on Bad river. Here at the base Qf the Huronian series is 
a siliceous marble dipping to the northward at au a11gle of GG0 , while 
100 feet to the south is a ledge of gneissoid gra11ite showing a well . . 
defined d1p of 770 to the south. There can be no doubt of the uncon-
formability of these formations. The Penokee series is found to be 
abou4~ 5,000 feet thick, to be everywhere conformable, and to dip about 
GGo to the north. 

On the Chippewa is found a quartzite which has a layer the lowest 
stratum of which is a reddish metamorphic conglomerate having a 
thickness of 300 feet. The pebbles of tbis conglomerate are either 
jasper or amorphous quartz. The conglomerate and quartzite are dis
tinctly and heavily bedded. South af this quartzite are syenitic gran
ites which are assumed to be of Laurentian age, and the quartzites 
and conglomerates are assumed to overlie them unconformably. A 
short distance north of the mouth of Snake river cupriferous melaphyres 
and amygdaloids are overlain by horizontal beds of light colored Pots
dam sandstone, while a few miles to the north conglomerates and shales 
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conformably overlie thA cnpriferous strata. The conglomerate is heav
ily bedded, but does not cover the melaphyres and amygdaloids at all 
points, appearing to fill pockets and depressions in them rather than 
being interstratified. At St. Croix falls on the St. Croix river Pots
dam sandstone containing fossils are found in a horizoRtal position 'vi thin 
a few feet of the cupriferous rocks. Depressions and pockets in the sur
face of the cupriferons rocks are filled with horizontal layers of the 
sandstone, and detritus · from the crystalline rocks are found in its lay
ers. The lake Superior synclinal is traced westward across the state 
of "risconsin and enters the state of Minnesota. It is then over 300 
miles in length and from 30 to 50 miles in width. 

IRVING,13
(l in 1877, summarizes the facts proved as to the older rock 

series of Wisconsin. There are here four series: The oldest (1) are 
gneisses and granites with other rocks; these are overlain uncon
formably by (2) a series of quartzites, schists, diorites, etc., with some 

· gneiss and granite; these in turn are overlain-probably also uncon
formably, but this is not certainly proved-by (3) the Copper series, 
which includes greenstones and melaphyres and also great thicknesse1; 
of interstratified sandstone, melaphyres, amygdaloids, and shales, the 
whole having a thickness of several miles; these finally are unconform
ably covered by (4) a series of unaltered horizontal sandstone including 
numerous fossils, many of which are closely allied to those of the Pots
dam sandstone of New York, and all of which have a marked Primor
dial aspect. To the Laurentian and Huronian systems of Ca11ada are 
referred (1) and (2) because they bear the same relations to one another 
and to the Copper series that these systems do. 

The exact junction between the Potsdam sandstone and the Huro
nian quartzite is seen at numerous places. The Potsdam, containing 
fossils and numerous fragments from the older rocks, lies upon aud 
wedged in between the tilted ledges of the Huronian. Exactly similar 
unconformability is to be seen at the Dalles of the St. Croix between 
the Potsd.am and. Copper series. 

WrGHT, 131 in 1877, describes the horizontal Potsdam sandstone as 
resting on the uneven and tilted surface of the underlying ig11eous or 
crystalline rocks at St. Croix falls. Almost in contact with the trap 
the sandstone contains numerous well preserved fossils. At Pine 
island in Kettle river the Superior red sandstone contains abundant 
fragments. of the adjacent trap, forming a brecciated conglomerate kin
dred. to the conglomerate which extends from Keweenaw point along 
the northern base of the Porcupine and Penokee mountains. Every
where this conglomerate is composed of fragments of the more elevated 
Huronian or trap ridges . . The Superior red sandstone, wherever it 
borders the trap ridges, shows that it has been tilted, broken up, or 
crushed. It appears that the trap, whether erupted or upheaved con
vulsively or slowly, encountered this fo~mation in its ascent. On the 
contrary, the Potsdam sandstone everywhere rests in a horizontal 
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undisturbed position on the bedding of the trap. Either the Superior 
red sandstone is older than the Potsdam or the trap rocks in conjunc
tion with the Superior red sandstone are younger than those in con
junction with the Potsdam. 

CHAMBERLIN/32 in 1877, describes the Archean rocks which in the 
eastern part of Wisconsin protrude but are not intrusive in the Pale
ozoic formations. These are the Mukwa granite, the Berlin porphyry, 
the Pine bluff quartz-porphry, the :Marquette quartz-porphyry and the 
quartzites of Portland and Waterloo. The porphyries are found to 
have obscure · but distinct bedding. The metamorphosed quartzites 
show ripple marks and contain conglomeratic layers. The Potsdam 
sandstone and Lower Magnesian limestone rest in a horizontal position 
against and contain fragments from the crystalline rocks. The quartz
ites are regarded as originally sandstones and conglomerates which 
were metamorphosed before the deposit of the neighboring horizontal 
rocks, and which have been tilted and eroded before the stratified rocks 
were deposited. These quartzites are regarded as a portion of the Bar
aboo quartzite series. 

IRVING, 133 in 1877, describes the Archean rocks which cover all of 
Marathon, most of ·wood, and much of Clark, Jackson and Portage 
counties, in Wisconsin. The Laurentian is a great mass of crystalline 
rocks, granite, gneiss, chloritic, micaceous and horn blendic schists which 
are folded and eroded so as to offer the greatest obstacles to their de
tailed study. On the south side of the Laurentian core, on Black river_, 
and in isolated masses, are ferruginous schists, quartzites, and quartz
porphyries, which are probably Huronian. The presence of these rocks 
on the south, the quartzites of Chippewa and Barron counties on the 
west, and the Huronian rocks of the Penokee range on the north leads 
to the suggestion that the Huronian rocks entirely surround the Lauren
tian core of northern Wiscon~in. The line of junction between the 
Archean area and the Potsdam formation to the south is exceedingly 
irregular. The latter always rests in a horizontal position upon the 
crystalline formations with the most marked unconformability, the ex
act contacts being found at several places. The most abundant of the 
crystalline rocks is gneiss, and the original bedded condition of the 
whole series is evident, not only by a prevailing gneissoid and schistose 
character, but also by the exist~nce of distinct bedding planes which 
can generally, even in the granitoid kinds of rocks, be readily made out. 
The processes of metamorphism and disturbance have been carried to 
the last extreme, as shown by the highly crystalline character of the 
rocks and the fact that the gneiss grades into granite, as well ail by 
the greatly contorted condition of the gneiss laminre and the close fold
ing of the whole series. While the series as a whole is bedded, dis
tinctly intrusive granite occurs, as shown by the way in which it joins 
and penetrates the bedded rocks. The main area of the crystalline 
rocks certainly belongs to the Laurentian, and a small area only on the 
south of the district is doubtfully Huronian. 
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Very numerous details are given as to particular localities, showing 
the manner of occurrence and relations of the different varieties of 
rocks and the unconformities which exist between them and the Silu
rian. On Mosinee and Rib hills are found large exposures of quartzite. 
At Black river falls the regularly bedded succession of highly tilted 
strata of many members consists in large part of regularly laminated 
schistose rocks, such as ferruginous quartz-schist and magnesian schist 
or slate, having together an approximate thickness of at least 5,000 
feet. Gneiss and granite are also here found. 

Isolated from the main Archean area are quite numerous exposures 
of crystalline rocks which protrude in mound-like forms from beneath 
the horizontal strata. The largest of these are the quartzite ranges of 
Bataboo. About many of these areas are found horizontal sandstone 
lying immediately against the tilted crystalline rocks and carrying peb
bles and bowlders derived from them, proving that they are all of 
greater antiquity than the surrounding sandstone layers. These rela. 
tions are particularly well shown in the Baraboo quartzite ranges. Asid-e 
from these ranges, the more important areas are the Marcellon, Observ
atory hill, Moundville, Seneca (Pine bluff), Marquette and Berlin 
quartz-porphyries, the Montello and Marion granites, and the Necedah 
quartzite. 

IRVING/34 in 1878, describes at Potato river the siliceous slate, one 
of the ]ower members of the Huronian, as in contact with the chloritic 
gneiss of the Laurentian. The slate inclines at a high angle to tile 
north, while the gneiss layers dip to the south and strike in a direcLion 
oblique to that of the slate layers. 

CH.A..J\IBERLIN/35 in 1878, describes on the Gogogashugun, in the 
Penokee district, the exact junction between the Laurentian and Hu
ronian sedes. The Laurentian member consists of a peculiar gncissoid 
rock like that which occupies a similar relation at Penokee gap. The 
Huronian lies in absolute contact with this. Its siliceous material at 
the time of its deposition so insinuated itself into the irregularit~es of 
the surfaces of the gneiss that the two formations are interlocked, and 
a hand specimen was obtained, one portion of which is Laurentian 
gneiss and the other Huronian schist, the two being unconformable. 
The Huronian siliceous schists are overlain by beds of white and red 
quartzite, and these graduate into alternating layers of quartzite and 
iron ore. The iron ore horizon is here hematitic and soft, but is the 
equivalent of the hard magnetic horizon to the west. In this ·part of 
the belt is presented the greatest probabilities of the existence of work
able ore. 

IRVING, 136 in 1880, gives a comprehensive account of the general 
structure of northern Wisconsin. Here are found four great systems, 
the Laurentian, Huronian, Keweenawan, and Lower Silurian, all of 
which are unconformable with each other. The rocks of the crystai
line nucleus are correlated with the Laurentian of Canada because they 
sustain the same structural relations to the Huronian, Keweenawan, 



112 PHE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86. 

and Lower Silurian as does the typical Laurentian of Canada, and be
cause they have the same general lithological peculiarities. There can 
be no reasonable doubt that they are directly continuous with the 
Canada Laurentian. The prevailing rocks are granite and gneiss. 
These rocks are grea~ly folded and have certainly an enormous thick
ness. It is evident that these rocks are of true sedimentary origin. 

The granites are generally without distinct bedding, but no eruptive 
granite recognizable as such has been observed. 

Lying immediately against the Laurentian, and sharply defined from 
it, extending from Montreal river to lake N umakagon, is a belt of schis
tose rocks which are beyond question the westward extension of the 
iron-bearing series of the upper peninsula of Michigan. This belt has 
an aggregate thickness of strata of 13,000 feet. The subdivisions, be
ginning below, are (1) crystalline limestone; (2) quartz-schist and argil
litic mica-schist; (3) tremolitic magnetite-schists, magnetic and specular 
quartzites, lean magnetic and specular ores; (4) alternations of black 
mica-slate with diorite and schistose quartzites; (5) mica-schists with 
coarse intrusive granite. These major divisions are again subdivided 
at Penokee gap and vicinity. The system always dips north, usually 
at a high angle, the strikes are oblique to the underlying Laurentian 
gneiss, proving the unconformability of the two systems7 the actual 
contact of which can be seen in several places. These rocks are re
garded as the equivalent of the Huronian of Canada, because they are 
the direct continuation of the iron-bearing system of Marquette, because 
the grand divisions of the Bad river and Marquette system are simi- • 
lar, because they show the same relations to the Laurentian and Ke
weenawan systems as found in the Huronian of Canada, i.e., newer 
than the former and older than the latter, and because the J\iarquette 
and Menominee sediments are in unconformable eon tact with the Lower 
Silurian sandstone. 

The Keweenawan system is a distinctly stratified one, in large meas
ure made up of eruptive rocks in the form of flows. These constitute 
the lower 10,000 feet of the system, and above these are found the de
trital rocks, increasing in frequency, until they wholly exclude the Jgne
ous rocks in the upper 15,000 feet. The eruptives of the system are 
chiefly diabase, melapltyre, and gabbro. The succession on the Mon
treal river is (1) chiefly diabase and diabase amygdaloid, with little 
satisfactory appearance of bedding and having a width of about 33,000 
feet; (2) alternations of (1) with red sandstone and shale, 1,200 feet; (3) 
bowlder conglomerate, 1,~00 feet; (4) alternations of shale and quartz
less sandstone, 350 feet; ( 5) red sandstone and shale, 12,000 feet. If 
the series is regarded as a continuous one it is at leasp 50,000 feet thick. 
There are two prominei1t belts of the Keweenaw rocks in northern Wis
~onsin lying parallel to each other and having between them a synclinal 
depression which is occupied by Chequamegon bay. The Keweenawan 
system is evidently newer than ,the Penokee system. That the two sys· 
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terns are actually nonconformable in these regions is not evident, for 
in sections the dip in passing from one to the other is generally nearly 
tbe same. That there is a real unconformity is indicated by the facts 
(1) tltat in passing westward from Penokee gap the uppermost beds of 
the Huronian are gradually cut off' by the gabbro that forms the base 
of the Keweenaw series; (2) that there is not an absolute conformity in 
dip between the Huronian and Keweenawan rocks; (3) west of lake 
Numakagon the diabases and other eruptive rocks of the Keweenaw 
series appear completely to cover the Huronian. 

The Jake Superior sandstone is always in a horizontal position and is 
more highly siliceous than the sandstones of the Keweenawan system. 
At the St. Louis river it overlies unconformably the Huronian schists. 
In Douglas county are several junctions of the sandstone with the Ke
weenawan rocks. Here the horizontal sandstones in approaching the 
eruptive rocks of the Keweenawan system are fonnd to be brecciated 
and tilted, the original lines of deposition being sometimes entirely 
obliterated. These peculiar appearances are regarded as due in part to 
the naturally confused. mode of deposition on the clifty shore in which 
the sandstone was originally deposited; but a slight movement of the 
deep-seated crystalline rocks against the more superficial sandstones 
would also account for much of the phenomena. That the sandstone 
formation rests unconformably upon th Keweenawan system is fhrther 
shown by the fact that in the Dalles of the St. Croix the horizontal 
sandstone and shales, with characteristic Primordial fossils, lie upon 
the irregular and eroded surface of a Keweenawan melaphyre. 

The Penokee series is compared with the Marquette Huronian and 
there is found to be a general likeness in the rock succession in the two 
regions. Very numerous detailed sections and outcrops at particular 
J.ocalities are fully described and mapped. 

WRIGHT,137 in 1880, describes the Huronian series west of Penokee 
gap. The succession here found is limestone, chloro-silicious schists, 
quartzites, magnetic schists, Keweenawan; the magnetic schists being 
occasionally interstratifiecl with greenstone. At Penokee gap is found 
a dolomitic limestone overlain with quartzite and chloro-siliceous schists, 
which rest unconformably upon the Laurentian rocks. Tbe Huronian 
rocks here have a clip of 66° to the north, while the Laurentian rocks 
have a southern inclination from 65° to 80° . West of Numakag-onlak'e 
the magnetic attractions are found to cease and the Copper-bearing 
series and granite belonging to the Laurentian are found in direct con
tact. This appearance is regarded as being clue to the covering up of 
the Lower Huronian by the Copper-bearing rocks. · 

SWEET,138 in 1880, describes the geology ofthe western lake Superior 
district. The geological formations here found comprise the Laurentian, 
Huronian, and Keweenawan systems. The Keweenawan rocks are found 
in a great synclinal. In northern Wisconsin, below the Keweenawan, 
no southward clipping rocks are found referred to the Huronian, but in 

Bull. 86-8 
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Minnesota., along the St. I..~ouis river are strata which occupy a position 
inferior to the Keweenawan series, are lithologically like the slates of 
Ashland county, and are cut by numerous dikes in lithologicaJ char
acter precisely like the rock at the base ot the Copper-bearing series. 
They are hence regarded as Huronian. The Copper-bearing strata con
sist of a detrital upper portion of sandstones, conglomerates, and breccias, 
having a maximum thickness ·of 9,000 feet, and of eruptive strata, con
sisting of melaphyre, diabase, porphyry, gabbro, etc., l1aving an appar
ent maximum thickness of over 367000 feet. The quartzites, siliceous 
schists and chloritic slates along the St. Louis river, referred to the 
Huronian, are many thousand feet thick. Upon the St. Louis slates at 
one place the lake Superior red sandstone and conglomerate repose 
unconformably. The Keweenawan eruptive rocks are bedded. They have 
a very persistent and quite uniform dip and strike in any given locality. 
The layers are seldom less than a foot or two in thickness and aremore 
often many feet thick, so as to give an exposure an unstratified appear
ance. On one side of each layer is a precipitous and somewhat jagged 
ridge, owing to the exposure of the euge of the layers, while on the other 
side the soil descends with the inclination of the bedding. 

As to the age of the Copper-bearing series, it can be only said that 
they are older than the lake Superior red sandstone; for when the latter 
is conglomeratic the pebbles are almost invariably derived from the· 
Keweenaw series. Also the perfectly horizontal sandstones approach 
in that condition within 15 or 20 feet of the dipping crystalline rocks; 
and from this it is assumed that they unconformably overlie them. At 
Black river falls on the lower Black river, at the gorge of Copper creek, 
and along the west bank of Middle river, the horizontal sandstones are 
found, in approaching the eruptives of the Copper-bearing series, to be
come uptiltecl, brecciated, and in some cases conglomeratic, and some
times wholly lose their structure. The eruptives in all these cases dip 
away from the uptilted sedimentary rocks. 

CHAMBERLIN and STRONG, 139 in 18807 describe the geology of the 
upper St. Croix district. The Keweenaw series is composed of two 
classes of rocks, massive crystalline beds which owe their origin to the 
succession of outflows of molten rocks, and conglomerates, sandstones 
and shales derived from the wear of these igneous rocks and from the 
older formations. They are in part interstratifi.ed with the igneous 
rocks and in part overlie them. The eruptives are mainly diabase and 
diabase amygdaloid, although ruelaphyre is found. The Keweenawan 
beds were deposited in essentially a horizontal condition, were bent into 
their present trough-like form, and ercded, and upon their upturned 
edges was deposited the Potsdam sandstone. This is shown by the fact 
that at St. Croix falls the horizontally stratified sandstone is found with
in a few feet of an exposure of highly inclined Keweenawan melaphyre 
containing numerous fragments derived from it. This sandstone has 
characteristic Potsdam fossils. Atone place near the falls the Potsdam is 
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found directly superimposed in a small gorge upon the melaphyre. The 
melaphyre is cut by vertical planes of division which are quite smooth 
and uniform; but there is another persistent set which is much less 
smooth, but persistent and constant in direction. These planes are 
usually 111 detail slightly uneven and undulatory, and separated by sev
eral feet. They are believed to represent the dip of the igneous beds. 
It is upon the persistence of these inclined beds, taken in connection 
with their parallel lithological habit, that the determinations of dip are 
made. Otltside of the district the northward dipping diabase is found 
on oue side of the Numakagon river, while upon the other is seen the 
Laurentian granite. 

BROOKS,140 in 1880, gives the geology of the Menominee iron region. 
The I_.~ower Silurian sandstone is found capping the older rocks 11car 
lake Eliza. The Laurentian granite, gneiss, and crystalli1ie schi:::;t series 
is not subdivided. No limestones, dolomitic marbles, conglomerates, 
calcareous or arenaceous ehloritic schists are considered as belonging 
to the Laurentian system. It is not certain whether this series occurs 
in vVisconsin within the area surveyed. 

The Huronian series is divided into lower, middle, and upper divi
sions. The lower division comprises the lower quartzite of great tlJick
ness, the great marble formation, and the great iron ore horizon con
taining magnetic, hematitic, and jaspery schists as well as deposits of 
iron. The middle Huronian comprises quartzites, clay-slates, and ob
scure soft schists. The upper Huronian includes mica-schists, gneisses, 
and granite, the last of which may possibly . be eruptive, but is the 
topmost member of the Huronian succession. Interstratified with the 
Huronian arc diorites, diabases, gabbros and greenstones, and green
stone schists, which are 'believed to be couformable beds of metamor
phosed sediments. They are never found in the form of dikes. The 
thickness of the Huronian in the Menominee is not far from 10,000 to 
15,000 feet. 'I'here is great difficulty in ascertaining exactly the thick- . 
ness on account of the sharp folds, where thick beds double back upon 
themselves. This especially affects the quartzites, clay-slates, and 
greenstones. The relative proportions of the different kinds of rocks of 
the Huronian and a correlation of the successions in various districts of 
the Menominee are given, and the twenty members (including the upper 
granite) are correlated in detail with successions north of lake Hnrou, 
and in the Marquette, Gogebic, Penokee, and central Wisconsin regions. 
The resemblance between the :Marquette, 1\tJ:enominee, Sunday Lake, 
and Penokee series are so numerous as to point unmistakably to their 
having been formed in one basin under essentially like conditions. 
Detailed sections and maps of the rock exposures are given at numerous 
points. The youngest Huronian member, the granite, has a wide extm1t. 
While this is true, granite dikes are rare in the Menominee Huronia11 
and have never been observed in the Marquette series. No roel\:s 
affording the slightest suggestion of conglomeratic structure have beeu 
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found in the Laurentian, its rocks always being much metamorphosed 
and often so much as to destroy all traces of bedding. Underlying the 
quartzite at Sturgeon river falls is a schist-conglomerate which haf! 
numerous pebbles of what appear to be granite and gneiss from the 
adjacent Laurentian. In the Pine and Poplar river regions is found 
conglomeratic quartz-schist containing micaceous iron and magnetite. 
In the Commonwealth section are included quartz-schists which are 
conglomeratic, containing pebbles ·of white quartz and jasper. There 
are also found in the upper beds of the Huronian, conglomeratic mica
ceous quartz-schists. .At various places granites and gneisses overlie 
co11formably the younger Huronian schists, into which they send dikes. 
As the evidence of bedding is rare, it is possible that toward the end 
of the Huronian period there was a great eruptive overflow of these 
rocks. Cutting the Laurentian rocks in all directions are dike-like 
masses of granite and greenstone. The abundant greenstone dikes of 
the Laurentian are much more common than in the Huronian, and 
resemble the Huronian bedded diorites. It is suggested that t11cse 
dikes have afforded the material for the greenstones and related scl1ists 
of the Huronian. May not also considerable of the magnetite come 
from the same source~ 

WRIGHT,141 in 1880, in describing the western and southern extension 
of the Menominee range, states there can be no doubt that the granite 
is younger than the lower Huronian. · This latter dips under the former, 
and veins of the former pene~rate the latter, but whether it belongs to 
the lower Huronian is an open question. 

S'l'RONG, SWEET, BROTHERTON and CHAMBERLIN,142 in 1882, further 
describe the quartzites of Barron and Chippewa counties. They are 
found in several localities to contain beds of conglomerate, to have not 
infrequently distinct bedding, and to contain locally beds of pipestone. 

KING,143 in1882, describes the rocks of the upper Flambeau valley. 
They are found to be mainly granite, gneiss, hornblende-schist and 
mica-schist, and are all referred to the Laurentian. 

IRVING and VAN RISE, 144 in 1882, describe the crystalline rocks of 
the Wisconsin valley. The crystalline rocks here found are a great 
series of schistose gneisses. Alternating with these are finer grained 
and more highly lamell~r schists. Intersecting the gneiss are dikes 
of various basic rocks, while structureless masses of gra11ite, presum
ably intrusive, are also found. In the vicinity of Wausau are argilla
ceous quartz schists and quartzites, which on lithological ground may 
be referred to the Huronian, although of the structural relations of these 
rocks with the Laurentian gneisses nothing is known. 

CHAMBERLIN/45 in 1883, gives a systematic account of the geology 
of Wisconsin. The rocks of Laurentian age are mainly of the granitic 
type, consisting largely of granites, gneisses, syneites, hornb1endic, 
micaceous, and chloritic schists, with allied rocks. These are associated 
with igneous diabase, diorites, and similar rocks. This series is re-
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garded as a sedimentary accumulation, on the grounds (1) of foliatioE. 
and stratification; (2) of the alternating bands ofvaryingchemical consti
tution; (3) of the verging of one kind of rock into another laterally; and 
(4) of the presence of kinds of rocks not known to be produced by 
igneous agencies. The thickness of these sediments is enormous. An 
estimate of 30,000 feet is probably not too great. 

The calcareous and carbonaceous beds of the Laurentian of Canada, 
as well as the Archean limestones and iron ore beds of New York, are 
considered to be Huronian rather than Laurentian, and if this is so, 
there is present in the J..Jaurentian no positive evidence of life, although 
investigations in the future may reveal evidences of organic beings. The 
development of life in the Primordial is so abundant as to lead to the 
conclusion that for its evolution to this degree of perfection a vast 
prior period of time was required which probably would carry the life 
well down into the Laurentian series. It is further suggested that the 
abundance of alkaline rocks in the Laurentian may be due to the effects 
of life iu the Laureutian ocean. 

Between the Laurentian and Huronian periods the Laurentian beds 
were closely folded; the sediments were changed by metamorphism to a 
thoroughly crystalline condition, and the series was profoundly eroded. 
About the thus formed Laurentian isles was deposited the Huronian. 
This comprises the Penokee series, the Menominee ~eries, the Baraboo 
quartzites, the quartz-porphyries of central Wisconsin, the quartzites 
and catlinite of Barron and Chippewa counties, and the iron-bearing 
series of Black river falls. These series consist for the most part of 
limestones, slates, sometimes heavily carbonaceous, quartzites, hema
titic and magnetitic schists, mica-schists and diorites. The presence of 
limestones, c.arbonaceous shales, and iron ore are taken as the evidence 
of life. After the deposition of the Huronian it was upheaved, meta
morphosed and eroded before the beginning of Keewenawan time, 
although the unconformity between the two series in Wisconsin is 
but slight and the above changes were only partially accomplished 
when the Keweenawan eruptions began. The metamorphism was less 
in degree than that which has affected the Laurentian strata, but is 
more intense than that which the Keweenawan series has suffered. It 
was not in general sufficient to obliterate the original grains and peb
bles, nor to destroy ripple and rill marks. In the Huronian strata are 
igneous beds and dikes of gabbros, diabases, and diorites, the age of 
which is not certain. They may be, so far as yet known, in part con
temporaneous and in part subsequent, or wholly the oue or the other. 

The rocks of the Keweenawan period consist of interstrati:fied igne
ous and sedimentary beds; the former mainly diabases, with some 
gabbros, melaphyres, and porphyries; the latter conglomerates, sand
stones, and shales, derived mainly from the igneous rocks. The maxi
mum thickness is about 45,000 feet, of which the upper 15,000 feet is 
sedimentary. The bottom of the lake Superior- basin was gradually 
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subsiding during the time of the formation of these beds. While tilted, 
they are not contorted or metamorphosed. There is in this period no 
direct evidence of the existence of life. Over the great conglomerate 
of the Penokee and Porcupine mountain regions is a black shale that 
simulates those of later ages formed in association with life. .After 
the close of the Keweenawan period, before the Potsdam sedimentation 
began, there was a period of erosion. How great this interval was lms 
not yet been determined; quite possibly the lower Cambrian forma
tions of Great Britain and Bohemia bridge the entire interval. 

IRVING,146 in 1883, gives a systematic account of the lithology of 
Wisconsin. .Among the eruptive rocks are placed diabase, melaphyre, 
gabbro, norite, diorite, peridotite, syenite, porphyry, aud grauite . 
.Among the schistose rocks are gneiss, mica-schist, hydromica-schist, 
actinolite-schist, tremolite-schist, hornblende-schist, augite-schist, chlor
ite-schist, talc-schist, magnetite-schist, hematite-scbi~t, quartz-schist, 
quartzite in part, chert-schist, and jasper-schist. Among the half frag
mental rocks are quartzite, clay-slate, and novaculite. The explana
tion of the origin of gneiss or lamellar granite by metamorphism, the 
structure being regarded as residual sedimentation, is regarded as un
satisfactory. Many rocks which have been called metamorphic are 
placed as eruptive,. and it seems not improbable that tlw same origin 
is to be attributed to some rocks with a strongly developed schistose 
structure. The horublende-schists are regarded as altered forms of 
augite-schists. 

WooSTER7
147 in 1884, describes, upon the St. Croix river near Osceola 

mills, the Potsdam sandstone carrying fossils, which grades down into 
a conglomerate coutaining pebbles from the Keweenawan, Lanrentiau, 
and Huronian series. ~rhe sandstm1e and conglomerate rest unconform-
ably upon the underlying Keweenawan rocks. · 

FuLTON7
148 in 1888, describes the Huronian rocks of the eastern Me

nominee region as consisting of three formations. The basal formation 
is a crystalline siliceous limestone at least 1,200 feet thick, which out
crops at many localities along the range, especiaUy north of theN orway, 
Quinnesec, and Chapin mines. The next group, estimated at ~thou
sand feet in thickness, is the Quinnesec ore formation. It consists of 
siliceous or jasper slates, largely impregnated with iron oxides. These 
are succeeded by argillaceous hydromica slates and tlesh-coloretl slates. 
This formation embraces the deposits of iron ore. The third formation 
is a series of dark gray, slaty, or schistose rocks, with occasional 
quartzose bands, having a thickness of 2,000 feet, and is called the la.ke 
Hanbury slate group. Detailed sections at the East Vulcan, Curry, 
Norway, Cyclops, and Quinnesec mines are described. In some cases 
the ore is associated with the Potsdam sandstone, which re.sts unconfor
mably in a horizontal position upon the flexed and denuded Huronian 
rocks. The iron ore beds in the Huronian are generally associated 
with aluminous slates. or soapstones., 
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SECTION V. WORK OF THE MINNESOTA. GEOLOGISTS AND ASSOCIATES. 

EAMES, 149 in 1866, mentions different crystalline rocks as occurring 
at many points in northeastern Minnesota. 

Eilms, 150 in 1866, describes in Minnesota various granitic, igneous, 
and metamorphic rocks. The most prevalent rocks found in the north
ern part of the state are granite, porphyry, hornblende slates, siliceous 
slates, trap, greenstone, talcose slate, primitive schistose rock, gneiss, 
and Potsdam sandstone. The roc~s of the Upper Mississippi river are 
described. At Pokegama falls the rock is a quartzite belonging to the 
Potsdam. There is also found along the river jasperoid rock with iron 
ore and argillaceous slate. In Stearns county are numerous exposures 
of granite. The varieties of rocks in the Vermilion lake district are 
found to be very numerous. 

HALL (JAMEs),151 in 1869, finds in the vicinity of New Ulm, on the Big 
Cotton wood river and on the Little Cotton wood, extensive exposures 
of quartzite. At New Ulm the rock is shown to be a metamorphosed 
quartz rock or conglomerate. This' rock is succeeded below by com
pact quartz rock, with beds of syenite, which graduate still lower into 
purple ·or reddish quartz rock in distinct layers, alternating with shaly 
seams. The quartzite of this region has a thickness of not less than 
1,500 feet. At Redwood falls are found gneiss and granitic rocks of 
Laurentian age. The quartzites are regarded as of the age of the 
Huronian of Canada and equivalent to the quartzites of Wisconsin. 

WHITE/52 in 1870, describes the quartzites of Iowa, Minnesota, and 
Dakota. They are completely metamorphosed, intensely hard rocks, 
although the lines of stratification are distinct and there are frequently 
seen distinct ripple marks upon the bedded surfaces. Not infre
quently the quartzite is conglomeratic. In them no fossils have been 
found. They are, however, regarded as belonging to the Azoic age be
cause of their complete metamorphic character, because of their dis
turbed condition, and because the Lower Magnesian limestone at New 
Ulm rests upon the quartzites unconformably, and in this part of North 
America no disturbances are known to have occurred between the com
meneement and close of Paleozoic time. 

WINCHELL (N. H),153 in 1873, states that the granitic and meta
morphic rocks occupy a great portion of the state of Minnesota 
These are regarded as Laurentian and Huronian. Their lithological 
and mineralogical characters are complex and variable. The original 
nucleus was granite and syenite, and around these are arranged the 
metamorphosed slates and gneisses in upturned or even vertical beds, 
while intercalated with them are numerous injected beds or dikes of 
trap. The Sioux quartzite and those of New Ulm are placed as a part 
of the Potsdam sandstone. The Potsdam was laid clown before the 
close of the volcanic disturbance, for the St. Croix beds of later age 
rest unconformably upon the Laurentian as well as upon the upturned 
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beds of the Potsdam. In lithological character the Potsdam beds dif. 
fer from those of the St. Croix, being hard and vitreous and usually of a 
red color. The Potsdam has a thickness of at least 400 feet. 

WINCHELL (N. H.)/54 in 1874, gives details as to the geology of the 
Minnesota valley. The quartzites in the vicinity of New Ulm and Red 
stone, referred to the Potsdam, are conglomeratic in places. In the 
valley there are quite numerous outcrops of granite which are £orne
times cut by trap di~es. At Granite falls there are sudden changes 
from real granite to hornblende-schist. 

STRENG and KLoos, 155 in 1877, describe in the Upper Mississippi a 
set of granitic, syenitic, dioritic, and gabbro-like rocks which are re
ferred to the Laurentian. while north of these is a zone of metamorphic 
schist-mica-slate, talc-slate, and clay-slate-with gneiss-like roeks, 
which may be Huronian. South of Vermilion lake is a region of gran
ite, gneiss, and crystalline slate which belong to the Laurentian forma
tion, while occupying a wide extent of country about the St. Louis 
river are roofing slates and quartzites which are probably the repre
sentative of the Huronian. The igneous rocks at the west end Qf lake 
Superior are without doubt of Potsdam age. On the St! Croix river is 
a melaphyre which lies unconformably below a sandstone and conglom
erate bearing fossils of Lower Silurian age, which relation points to 
the Huronian age of the melaphyre. 

WINCHELL (N. H.)/56 in 1878, describes the crystalline rocks along 
the Northern Pacific railroad. Syenites and granites occur at Little 
falls on the Mississippi, and at Thompson on the St. Louis river are 
slates, the former varying into a mica-schist. Iu Pipestone and Roek 
counties are large exposures of quartzite which are lithologically like 
those of New Ulm, and like them are placed in the Potsdam. 

WINCHELL (N. H.),157 in 1879, gives the geological results of au 
examination of the northeastern part of the state of Minnesota. The 
formations that compose the coast line of lake Superior includ.c, in de
scending order, (1) metamorphic shales, sandstones, and quartzites cut 
by dikes and interbedded with igneous rocks, perhaps Sir William 
Logan's,Quebec group. (2) Sandstones, metamorphosed into basalti
form red rock, interstratified with igneous rock along the Palisades and 
at Black point. (3) A. quartzose. conglomerate at the Great Palisa(les 
and at Portage bay island. (4) The quartzites and slates of Grand 
Portage bay. (5) The jasper, flint, and iron-bearing belt of Gunfiiut 
lake, Vermilion lake and Mesabi. (6) The slates and schists which the 
Canadian geologists designate Huronian. (7) Syenites, granites aud 
other rocks which have been classed as Laurentian. (8) The igneous 
rocks known as the Cupriferous series. The Cupriferous series seems 
to overlie several formations unconformably, and is interstratified with 
some of the later, and especially with Nos. 1 and 2. 

WINCHELL (N. H), 158 in 1880, describes the Cupriferous series of 
Duluth. .At Duluth the most important rock is the gabbro. This is 
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intimately associated with a syenitic granite which is a metamorphic 
rock, all stages being seen, from the perfectly crystalline granite to the 
unchanged sedimentary layers. The Cupriferous series is regarded as 
Potsdam. 

UPHAM/59 in1880, describes granites and gneisses at numerous locali
ties in the Minnesota valley. In the conglomerate opposite New Ulm 
and in the quartzite at Red stone are found numerous pebbles of quartz 
and jasper, but no granite pebbles are seen, although it outcrops close 
to the west. 

HALL (C. W.), 16" in 1880, describes the rocks between the mouths of 
Poplar and Devil's track rivers on lake Superior to be dark colored 
basic rocks of igneous origin belonging to the. Cupriferous series, with 
the exception of a few beds of sandstone and conglomerate interbedded 
with the igneous rocks. The Sawteeth mountains are formed as are
sult of combined igneous action and the folding of sedimentary strata 
and erosion. 

WINCHELL (N. H.),161 in 1881, gives many details as to the rocks of 
northeastern Minnesota. At Pigeon point is a massive bedded or jointed 
formation like that at Duluth, with which it may be parallelized. The 
latter belongs to the Cupriferous series and the former to the Animikie, 
so that the Animikie appears to be a downward extension of the Cu
priferous. At Mountain lake the hills are short monoclinals of gray 
quartzite, with beds of argillaceous and black slate, dipping to the 
southward usually at an angle of 8° or 10°, and covered with a greater 
or less thickness of t:rap rocks. In beds generally less than 50 feet, 
but sometimes 150 feet thick, the trap and slate dip together, so that 
the hills have gradual slopes toward the south, and steep or perpen
dicular slopes toward the north. The quartzite must be an immense 
formation, as it is seen at Grand portage and all over Pigeon point, 
and on the islands of the point. The quartzite formation of Gunflint 
lake seems to graduate downward into the irony and carbonaceous 
Gunflint beds. A greenish, schistose, porphyritic rock cut by veins of 
milky quartz is found in nearly a vertical attitude on Gunflint lake. 
This is supposed to be the Canadian Huronian, and underlies the 
quartzite and Gunflint beds apparently unconformably; at least, it is a 
distinct formation from the Grand portage slates. The quartzite is locally 
a quartzite conglomerate. The Knife la~e serpentinous quartzite is 
regarded as Huronian. On the south side of Vermilion lake are beds of 
jasper and iron which are regarded as the equivalent of the Gunflint 
beds. These are conformable with the magnesian schists and slates, 
which are in a vertical attitude. They pass down into the schists, and 
in places the schists and schistose structure penetrate the jasper and 
iron. It is suggested that the apparent conformity between the ferru
ginous beds and underlying slates and schists is only a superinduced 
one, the original bedding, which may have IJeen nearly horizontal, hav
ing been obliterated by the change. 
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WINCHELL (N. H.),162 in 1881, describes the Cupriferous series of 
Minnesota as having a wide extent. In passing from the shore of lake 
Superior it gradually becomes more changed and crystalline. The 
tilted red shales, conglomerates, and sandstones at Fond du Lac are 
the same as those associated with the igneous rocks all along the shore . 
.At Fond duLac they lie on a white quartz pebbly conglomerate a few 
feet in thickness, which rests unconformably on the roofing slates of the 
Huronian, the same formation that succeeds to the red rock formation 
at Ogishki Manissi and Knife lakes, northwest of Grand Marais. The 
Cupriferous series differs from the Upper Laurentian or Norian only in 
the absence ·of beds of limestones, but, as the lake Superior Cupriferous 
is Cambrian or Lower Silurian, it is inferred that the so-called U ppm 
Laurentian, containing Eozoon canadense, is really Cambrian or l.Jower 
Silurian. 

WINCHELL (N. H. ),J6:l in 1882, continues his description of localities . 
.At Fond du Lac the detailed succession of sandstones and shales is 
given. The flint and jasper formations of Gunflint lake appear to be 
in apparent unconformit,y with the underlying slates and syenites. On 
Ogishki Manissi lake iH found a great conglomerate. This conglomerate 
carries large rounded pieces of the Saganaga gr!1nite, which proves 
the greater age of that granite and the unconformability to it of the 
eon glomerate. The conglomerate also contains red jasper. 

The descending succession in northeastern Minnesota is (1) the horizon
tal quartzites and slates running from Grand portage to Guntlint lake; 
(2) the conglomerate; (3) jaspery and calcareous Gunflint beds; (4) 
gray marble; (5) the tilted slaty Ogishki Manissi conglomerate; (6) 
amphibolitic and chloritic slates; (7) mica-schists alternating with syen
ite; (8) syenites and granites of Saganaga and Gull lakes. As to 
whether the Gunflint beds belong with the schistose and tilted slates 
and conglomerates of Ogishki Manissi lake is an open question, altlwngh 
there are several things which indicate that they belong to the same 
series. The gabbro is found to have a widespread extent. It is sug
gested that if this gabbro and the associated red gneisses belong to tbe 
Cupriferous, the Minnesota and Wisconsin quartzites, as well as the 
red gneisses of the Upper Mississippi valley, may also belong to this 
series. The red syenite of Beaver bay is a metamorphosed conglome
rate which was brecciated and mingled with the trap. This red rock 
was fluidized so as to intrude itself in the form of belts and veins. .A 
conglomerate at Taylors faiJs, on the St. Croix, contains water-worn 
bowlders and traps of the region, but the superposition of the conglom
erate on the trap can not actually be seen. This sandstone is fossil
iferous. It is concluded that the Potsdam is represented by the copper
bearing series, while the underlying .Animikie is equivalent to the 
Taconic of Emmons. 

UPHAM/64 in 1884, describes the crystalline rock outcrops in central 
Minnesota. 



VAN RISE.) LAKE SUPERIOR REGION. 123 

CHESTER, 165 in 1884, describes the rocks of the Mesabi and Vermilion 
iron ranges. The slates and schists on the south side of the Mesabi 
r;:wge are nearly horizontal. The rocks here found are precisely like 
those of the Penokee region of Wisconsin, and the two series bear the 
same relation to the Huronian series. The iron ore at Vermilion lake 
is found in connection with jasper and quartzite and is intimately 
bedded with the country rock, chiefly sericite-schist, standing in nearly 
a perpendicular position. These rocks are the representative of the 
Michigan and Wisconsin iron deposits, and there is no doubt that they 
belong to the Huronian. The Vermilion deposits bear the same rela
tions to the granite as do those of Mesabi, and they are regarded as the 
same formation. 

WINCHELL (N. H.), 166 in 1884, gives the general succession of rocks 
in northeastern Minnesota, in descending order, as follows: (1) Pots
dam, including the Keweenawan sandstones, shales, and conglomerates, 
changed by igneous gabbros and dolerites locally to red quartzites, fel
sites, quartz-porphyries, and red granites. (2) Taconic group, includ
ing the Animikie series~ the Gunflint beds, the l\iesabi iron rocks, the 
Ogishki Manissi eon glomerate ( ~), the Thompson slates and quartzites, 
and the Vermilion iron rocks. (3) Huronian group ('),including mag
nesiau soft schists, becoming syenitic and porphyritic, found on the 
north side of Gunflint lake, along the national boundary, and at Ver
milion lake. (4) lVIontalban ( 01), including mica-schists and micaceous 
granites about Vermi1ionlake and on the Mississippiriver. (5) Lauren
tian, including massive hornblende-gneiss and probably the Watab and . 
St. Cloud granites. This succession is parallelized with those of other 
writers given for tbe northwestern States. 

WINCHELL (N.H.) and UPHAl\f, 167 in 1884 and 1888, give detailed 
geological maps and descriptions of many of the counties of Minnesota, 
which include the I,aurentian gneisses and granites of the Mississippi 
and Minnesota rivers, the slates of the Upper l\1ississippi, the quartz. 
ites and conglomerates of Cottonwood, Pipestone, Rock, Brown, and 
Nicollet counties, ·which are regarded as Potsdam sandstone. The cop
per-beal'iug traps and conglomerates of Chisago and Pine counties are 
placed as Lower Cambrian. These reports contain nothing as to struc
tm·al relations not found in the annual reports. 

WINCHELL (N. H), 16
fl in 1885, finds between Two harbors and Ver

milion lake two rock ranges, the first being Mesabi proper and the 
second the Giant's range. Resting unconformably upon the syenites of 
Giant's range are the Huronian conglomerates and greenstones of Ver
milion lake, while south of t~is range are the slates and quartzites of 
the .AuimHde, overlain by the gabbro and red granite of the Mesabi 
range, which is in turn overlain by the trap rocks of the Cupriferous 
series. The Huronian is represented as resting conformably below the 
.Animikie, although not appearing at the surface. There are three iron
ore horizons, the titanic iron of the gabbro belt, the iron ore of the 
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l\Iesabi range belonging in the Animikie, and the hematite of the Ver
milion mines, which seems to be the equivalent of the Marquette and 
Menominee iron ores. 

WINCHELL (N. H.), 169 in 1885, finds in the red quartzite at Pipestone 
two fossils, Lingula calumet and Parado.'Eides barberi, which are taken 
as indicative that this formation, as well as the Sioux quartzite of Iowa 
and Dakota, tbe Baraboo quartzites of Wisconsin, the quartzites of 
smithwestern Minnesota, as well as the associated red gnei.sses. felsites, 
and felsite-porphyries, are all Primordial. 

UPHAM,1' 0 in 1885, gives descriptions of the quartzites of Minnehaha 
county, Dakota. These are not infrequently ripple-marked and con
glomeratic; they are like the quartzites of Pipestone county in Minne
sota, and, like them, are placed in the Potsdam. 

WINCHELL (N. H),m in 1885, divides the crystalline rocks of the 
northwest into six groups, in descending order: (1) A granitic and 
gabbro group, which is a _vart of Irving's Cupriferous, and is by Hunt 
parallelized with the Montalban. It includes rocks which have passed 
for typical Laurentian; while th~ gabbros are eruptive and are like the 
Upper Laurentian or Norian of Canada. The granites and gneisses 
show evidence of metamorphic origin. Below the granite and gabbro 
is (2) a mica-schist group. This is penetrated by biotite-granite. (3) 
Is the black mica-slate group, which often contains graphitic schists, 
in which are such ore deposits as the Commonwealth mine of Wiscon
sin. ( 4) Is a series of obscure hydromicaceous and greenish magnesian 
schists, along with quartzites and clay slates, with which are the more 
important bodies of hematitic iron ores, including those at Marquette 
and the magnetic belt at Penokee. (5) Is the great quartzite and marble 
group. It includes the marble of Menominee and marble and lower 
quartzite of Marquette, the great conglomerate of Ogishki Manissi lake 
and the lower slate-conglomerates of Canada. In (G) are the granites 
and syenites with hornblende-schists. This is the lowest recognized 
horizon of the Laurentian. Nos. 3, 4, and 5 together are the equivalent 
of the Taconic system, 3 being the equivalent of the Animikie, w bile 5 
is the equivalent of the Huronian of Canada. This succession is com
pared with the successions of Brooks and Irving in Michigan and Wis
consin. 

WINCHELL (ALEX.),172 in 1887, gives detailed observations made on 
an extensive trip in northeastern Minnesota. The region presents a 
series of schists flanked on the north and south by massive crystalline 
rocks. In the western part of the district these rocks are gneissic on 
both sides, but to the east the gneissic rocks on the south are replaced 
by gabbro and greenstone. The schists and bedded crystallines stand 
in a nearly vertical attitude, having a persistent and uniform strike 
and dip, the latter oscillating from 80° to the north to 800 to the south. 
The rocks are sericitic, chloritic, micaceous, and hornblendic schists, and 
argillites and graywackes. The schists grade into the gneissic rocks, 
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there being nowhere an abrupt passage from one class to the other. In 
the passage from the schists to the gneisses there is first an increase in 
frequency of ramifying veins, then lumps of gneiss or granite in the 
schists, and next interstratification of the schists and gneisses. The 
conglomerate at Ogishki Manissi lake, which attai11s an enormous de
velopment and contains varieties of granitic and quartzose bowlders, as 
well as flint, jasper, and other substances, is regarded as a local phase 
of the schists, as the bowlders are interbedded with the flinty argillites 
and sericite-schists. The entire system of gneisses and schists is re
garded as belonging to one structural system, as they all possess a 
common dip and pass by gradations into each other. The iron-bearing 
rocks are interlaminated with the country schists, and while they ex
hibit much persistence, they do not persist without interruption. In 
structure the region is a simple synclinal fold, the strata of which have 
a thickness of 106,204 feet. The succession from the bottom upward is 
granite, gneiss, micaceous and horn blendic schists, graywacke, argillite
schist bearing conglomerates, and sericitic and chloritic schists beariug 
iron ores. As the plainly fragmental rocks grade by imperceptible 
stages into the gneiss and granite, the whole is regarded as a sedimen
tary series. While granite pebbles are found in the conglomerates, 
this is not the underlying granite, as many of the fragments differ in 
character from the inferior granite. 

WINCHELL (N. H.),m in 1887, gives very numerous details as to the 
'geology of northeastern Minnesota. At several places there are transi
tions between the granite gneiss and a fine grained mica-schist. In 
the syenite are sometimes found angular fragments of micaschist. The 
Vermilion group is defined as including the lower portion of the com
plex series of E-lchists designated as Keewatin by Lawson. It embraces 
the mica-schists and hornblende-schists of Vermilion lake and their 
equivalents, and lies between the graywackes on the one side and the 
basal syenites and granites on the other. 

The iron ores of Minnesota are at three horizons . . At the top are the 
titaniferous orcs, which are associated with the gabbro and constitute 
what is locally known as Mayhew Iron range, and is found from this 
range at many points all the way to Duluth. The nontitaniferous mag
netic ores occur at several localities associated with hematite ores and 
included in a quartz-schist. These ores are comparable to those of the 
Penokee-Gogebic Iron range on the south side of lake Superior, and 
those of Black river falls in Wisconsin. Adjacent to Vermilion lake are 
hematite ores associated with jasper, which are inclosed in a schist, the 
bedding of which stands vertical. This schistose rock is probably of 
igneous origin, and in its relations to the jasperoid rocks it fills all their 
cavities, overlying them unconformably, and holding fragments of the 
jasper; all indicating its later origin. This igneous rock passes into 
a chlorite-schist, and this into the sericite-schists and graywackes, which 
show unmistakable evidence of an aqueous arrangement. The jasper-
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oid hematite is a sedimentary rock and not an eruptive as has been sup
posed by Wads worth. The rock was not, however, deposited in its 
present condition. The beds have been upturned, folded, crushed, and 
affected by intense chemical action. The ore is regarded as a result of 
chemical or metasomatic change. The general succession from above 
downward is as follows: (1) gabbro; (2) diabase dolerite. These rest 
unconformably upon the lower members. (3) Reddish gneiss and 
syenite, which includes the Misquah hills, White Iron lake, and the 
Giant's range (Mesabi heights). This is a case of a fusion of sedimen
tary beds in situ, although it is not genera1ly complete. ( 4) Graywacke, 
sericite-schist, argillite, quartzite, and jaspilite, which occur about Ver
milion lake. (5) Mica-schist, hor11blcnde-schist, and diorite. The Ver
milion group. (6) Mica-schist and granite veined with syenite and 
granulite. (7) Lower syenites and gneisses, generally regarded as Lau
rentian. Nos. 3 to 7 are conformable, and Nos. 4 to 7 grauuate into 
each other. 

There is reason for believing that the Animikje rocks overlie the 
greenstone No.2 and underlie the gabbro, No.1, of the above succes
sion. 

WINCHELL (N. H.)/74 in 1888, finds the Upper Huronian quartzites 
to be so similar to those of Pipestone, Cottonwood, and other counties 
iul\'Iinnesota that the former are regarded, with the latter, as Huronian. 
The Animikie on Gunflint lake, while not found in exact superposition 
on the Keewatin, bears such relations as to render it probable that the 
two formations are discordant. A short distance north of the Animikie 
the Keewatin rocks are found with a dip of 80°, and these a little far
ther to the north grade conformably into the cryRtalline schists of the 
Vermilion group, and these still farther to the north by transition pass 
into the gneisses and syenites of the Laurentian. The Animikie rocks 
are found resting unconformably on the gneiss west of Gunflint lake. 
The gabbro is observed overlying the .A_nimikie at many places, the 
Pewabic quartzite, the Keewatin rocks north of Gunflint lake, and the 
syenite-gneiss north of Flying Cloud lake. 

In passing from Gunflint lake the Animikie is found to nave a dip as 
high as 30o. Near Gobbemichigomog lake there is a gradation from tlle 
flat-lying Animikie to rocks in a broken a,ncl tilted condition, and from 
these into the Ogishki l\lanissi conglomerate, with which they arc intcr
Rtrati fled. There is also extending from Stuntz island in Vermilion lake 
paRt Bly to ncar Ogishki J\ianissi lake an older schistose eruptive-looking 
cong-lomerate associated with the Keewatin schists, and therefore older 
than the Ogisbki conglomerate. The beds on the north side of Gun
flint lake resemble those on the south side of the Giant's range and be
long in the same stratigraphical position ncar the beds of the Animikie. 
The gneiss is regarded as a metamorphosed sediment, because of the 
gradation of the Keewatin beds into it, and because it cuts through 
and is interstratified with the Keewatin. The Keewatin schists 
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are interstr:-~.tified eruptives and sedimentaries, as is the Ouprifer
ous series. On Kekekabik lake there is an extension of the Ogishki 
l\fanissi conglomerate westward. The green schist conglomerates here 
found are apparently of about the same date as the Ogishki conglom
erate .or else its immediate conformable successor. The Animikie 
slates associated with this green schist conglomerate are also in con
formable succession to the green schists, but it is likely that this con
formity would not be found in the vicinity of the old volcanic vents. 

WIN CHELL (ALEX.), 175 in 1888, finds upon Wonder island in Sag:tnaga 
lake a conglomerate which contains abundant rounded pebbles in a 
groundmass of syenite. The lower limit of the conglomerate is quite 
abrupt, and whether it overlies the syenite or grades into it is uncer
tain, but it ia figured as overlying the syenite. The syenite is regarded 
as erupted after the conglomerate existed and the conglomerate was. 
not laid down on the solidified syenite. The Animikie slates are found 
resting unconformably upon vertical schists, gneisses, and syenites at 
several points on Gunflint lake, 2 miles west of Gunflint lake, and on 
the north side of Epsilon lake. On the west side ot Sea Gull lake the 
conglomerate and syenite are interbedded. This conglomerate is 
thought to be comparable with that of Wonder island. On the north 
side of the same lake the syenite contains sharply limited. rounded peb
bles and irregular masses of hornblendic and diabasic material. On 
Epsilon lake the argillite has schistic planes standing vertical, while 
the bedded structure has a dip of only 23°. 

Summing up the succession: At the base are the granitoid and 
gneissoidrocks in three areas, the Basswood, White Iron, and Saganaga 
lakes. These granitic masses everywhere have a bedded structure 
more or less distinct. They are traversed by quartzose and g-ranu
litic veins, as well as dikes of diabase. The gneisses and granites 
are flanked by vertical crystalline schists of the Vermilion group. The 
transition from the gneisses to the crystalline schists is never abrupt, but 
is a structural gradation, near the line· of junetion the beds of gneisses 
and schists occurring in many alternations. Above the Vermilion group 
are the Keewatin semicrystalline schists, the two series being every
where conformable; but there is a somewhat abrupt change from one 
group to the other, and there is a possibility that the original uncon
formity has been destroyed by lateral pressure, although such an un
conformity is thought improbable. There has been no actual connection 
traced between the Keewatin .schists north of Gunflint lake and those 
of Knife lake. The Keewatin schists are almost everywhere vertically 
bedded. When the bedding is obscure this is sometimes due to the 
action of erupted masses, but more often the cause of the metamor
phosed condition of the strata is not ascribable to any visible cause. 
The Keewatin schists include graywacke, argillite, sericite-schist, chlo
rite schist, porphyrellyte schist and hematite. 

The Ogishki conglomerate is placed as a part of the Keewatin system 
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as it is traced by actual gradations into the adjoining argillites. These 
argillites and associated schists are in continuity with the argillites and 
schists of Vermilion lake, while in the conglomerate itself are local de
velopments of sericite-schist. The bedding of the conglomerate is nearly 
vertical; its pebbles are metamorphosed; they include numerous vari
eties, among which are syenite resembling the Saganaga syenite, green
stone, porphyry, red jasper, flint, quartz, petrosilex, ordinary syeHitc, 
diorite, porphyroid, siliceous schist, and carbonaceous siliceous argillite. 
On structural as well as lithological grounds the Ogishki conglomerate 
seems. to be a part of the Keewatin, although there are some reasons 
for suspecting it to grade into the Animikie. That the Keewatin schists 
are eruptive is regarded as improbable. 

The Animikie series, resting unconformably upon the Keewatin, 
stretches from Thunder bay as far as Duluth and still beyond to the 
Mississippi river, and perhaps includes the slates as far west and north 
as Knife lake. The Animikie formation is generally in a nearly hori
zontal position, the dip not being more than from 50 to 15°. The forma
tion is essentially an argillite, which embraces j pery, magnetitic, 
hematitic, and sideritic beds. At Gobbemichigomog lake the Animikie, 
represented by the "muscovado," is in its characteristic horizontal 
position, while the vertically bedded terrane underlies it. 

For the system of semicrystalline schists subjacent to the Animikie, 
to which the term Keewatin has been applied, Marquettian is proposed. 
The succession of terranes in northeastern Minnesota is, in descendil1g 
order, then as follows: (1) Huronian system, over 4,082 feet thick, in
cluding the magnetic group, siliceous group, and argillite group; (2) 
Marquettian system, 27,500 feet thick, including the Ogishld group, 
10,000 feet thick, the Tower group (earthy schists), 15,000 feet thick, 
and the graywacke group, 2,500 feet thick; (3) Laurentian system, 
89,500 feet thick, including the Vermilion group, over 1,500 feet thick, 
and the gneissic group, over 88,000 feet thick. Total, more than 
121,082 feet. 

WINCHELL (H. V.),176 in 1888, gives detailed observations about 
many localities in northeastern Minnesota. The mica-schist and inter
bedded gneiss are cut by granite veins at numerous places. 

WINCHELL (N. H.),177 in 1888, maintains that there is a great Pri
mordial quartzite extending from New England through Canada, Wis
consin, and :Minnesota to the Black hills of D~kota. It includes the 
Taconic quartzite of Emmons, that of ~auk and Barron counties in 
Wisconsin, the Sioux quartzite of Dakota, the quartzites of Minnesota, 
and those of the Black hills of Dakota. At the exhibition in New 
Orleans in 1884 was seen a block of the Potsdam. sandstone of the state 
of New York exactly similar to the Pipestone quartzite of )linnesota, 
and as the latter bears Primordial fossils there is no lack of evidence to 
parallelize these <,mtcrops. An examination of the quartzites of the 
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Original Huronian convinced the author of the parallelism of the great 
quartzite there displayed with those of Wisconsin and Minnesota. But 
things that are equal to the same thing ~re equal to each other, hence 
the Huronian quartzite is no other than the Potsdam sandstone of New 
York, the Red sandrock of Vermont, and the granular quartz of the 
Taconic. 

WINCHELL (N. H.),178 in 1889, gives a summary of the results of work 
on the crystalline rocks of northeastern Minnesota. In many points the 
conclusions and facts are the same as in the previous reports. The 
Laurentian age is made to include the gnei~, granite, and syenite, but 
excludes the crystalline schists. It is the fundamental gneiss of Min
nesota. Associated with this fundamental gneiss are areas of massive 
eruptive syenite which are regarded as due to the hydrothermal fusion 
of the gneissic belts. The gneisses grade into the Vermilion schists, 
which are the equivalent of Lawson's Coutchiching. Along their con
tact the Laurentian plays the part of intrusive rocks, which is indica
tive that the opening of Vermilion age was one of violent volcani~ 
action. The beds have subsequently been affected by hydrothermal 
fusion, which has tended to unify the Laurentian and Vermilion sys
tems. 

The Vermilion group passes by conformable transition into the 
Keewatin. The character of the Keewatin rocks indicates that there 
was active volcanic action during the whole period and that the ejecti
menta were received and distributed by the waters of the surrounding 
sea. This is indicated by the alternation of breccias and volcanic ma
terial with truly sedimentary strata. The Keewatin is the iron-bearing 
formation. The iron ore is associated with the jaspilite, which is of a 
sedimentary origin. Parallel with the Keewatin of Minnesota is the 
serpentine and dioritic group of Rominger in the Marquette region. 
Above this group in both regions is a profound unconformity. 

The Animikie series of Minnesota, bearing iron at one horizon, is the 
equivalent of the Marquette series bearing the iron group of Rominger, 
of the Penokee-Gogebic series of Michigan and Wisconsin, of the Mesabi 
range in Minnesota, of the Black river iron-bearing schists in Wiscon
sin, and of the quartzites of the Bl~wk hills. All are of Taconic age, for 
the Lower Cambrian is equal to the Taconic, the Huronian is equal to 
the Taconic; therefore the Lower Cambrian is equal to the Huroujan. 

In the Potsdam sandstone, which is unconformably on the Taconic, 
is included the upper quartzites of the Original Huronian, certain of the 
quartzites of Marquette, the Sioux quartzites of Dakota, and the 
quartzites of Minnesota and Wisconsin. This is also the age of the 
Copper-bearing rocks, which are an alternation of basic and acid erup
tions with interbedded sandstones and conglomerates. The great gab
bro eruption is later than the beginning of the Potsdam age. Uncon· 
formably above the Potsdam is the St. Croix sandstone. 

Bull.86-9 
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The general succession in descending order is then as follows: 

Calcife_rous ...... Magnesian limestones and sandstones . - ( Dikelocephalus horizon 
St. CroiX ...•••... Sandstones anu shales ...........•..... ~ 

Overlap unconfonnity. 

Potsdam .•••••... Quartzite, gabbro, red granite, and Kewee-
nawan ... _ .....................•...... Paradoxides horizon. 

OveTlap 1tnconfor·mity. 

Taconic ••••...•. Black and gray slates and quartzites, iron 
ore (Huronian, Animikie) ...•....••.... Olenellus horizon. 

Overlap unconforrnity. 

Keewatin ...•••.. (Including the Ka wishiwin or greenstone l 
. belt, with its jaspilite ), sericitic schists 

antl graywa,ckes .................... . 
Vermilion ....••. (Coutchiching) crystalline schists .. ----~Archean. 

Eruptive unconforrnity. 
Laurentian ..•... Gneiss ......••.......•.•.••......•.... 

WINCHELL (H. V.),179 in 1889, gives further observations on the iron 
regions of Minnesota. On the Giant's range the Animikie is found to 
rest upon the syenite. Here is a semicrystalliue rock between the 
two, which grades into the syenite. The character of the transition is 
not metamorphic, but rather fragmental, there appearing to be a cer
tain amount of loose crystalline material which has resulted from the 
decay and erosion of the syenite lying on top of this rock in the bed 
of the sea upon and around which the Animikie sediments were de
posited. The coarse detritus grades up into the fine detritus of the 
Animikie. The Animikie beds are found also to rest unconformably 
upon the upturned edges of the Keewatin schists. The same relations 
are found to prevail in the Birch lake region. The gabbro c~ntaining 
ores in the vicinity of Kawishiwi river are found to contain fragments 
of the Animikie slates and quartzites, and is, therefore, of later origin. 
At Gunflint lake the Animikie rests uncomformably upon the Keewatin, 
and is found upon greenstone. The Keewatin schists are largely of 
eruptive origin. The contacts of the jaspilite with the basic schists 
are abrupt and angular, and numerous fragments are found contained in 
the schists. The jaspilite is regarded as a sedimentary formation which 
was broken up and involved in the eruptions of Keewatin age. The 
Huronian quartzite associated with the magnetite, lying unconformably 
upon the syenite, is believed to lie conformably upon the Animi kie slates. 
GRANT,1~0 in 1889, gives geological observations made in northeast

ern Minnesota. North of Gunflint lake the vertical Keewatin and crys
talline schists, with an east and west strike, strike directly across a 
range of immediately adjacent gneisses, the schists showing no evi
dence of being twisted or bent within 200 feet of the gneiss. In the 
syenites of Gunflint lake are found fragments of schist, which indicate 
that the syenite is eruptive later than the schists. At Winchell lake 
the syenite upon the top grades down by an apparent transition into 
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gabbro. The gabbro is sometimes cut by veins or dikes of syenite, 
which indicates that the latter is of later age, although the syenite is 
generally below the gabbro. 

WINCHELL (ALEX.),181 in 1889, maintains that the Saganaga and 
West Sea Gull granite conglomerate before described is produced 
from a fragmental rock by selective metamorphism, the completely 
crystalline gneissoid rocks retaining rounded fragments which are 
residual clastic material. The conglomerate of Wonder island is not 
one consisting originally of a mass of pebbles over which a fluid 
magma has been poured, for the pebbles are not in co:p.tact; they could 
not have lain where they are before the gneissic magma existed. The 
gneissic magma was present, and it was this which supported the pep
hies and prevented their contact. It is, then, contemporaneous with the 
pebbles. The magma must have been plastic, but it was low tempera
ture igneo-aqueous plasticity. 

WINCHELL (N. H.),182 in 1889, in a general discussion of the origin of 
the eruptive rocks, maintains that there are four epochs of basic erup
tion in Minnesota: first, the Vermilion group; second, those succeeding 
the graywackes; third, those succeeding the Animikie; and fourth, 
those of the Oupriferous formation. 

ME.A..DS/83 in 1889, describes the Stillwater, Minnesota, deep well. 
The well, after passing through about 700 feet of St. Croix and Potsdam 
sandstone, passes into rocks which are in every respect identical with 
those of Keweenaw point; hence the Keweenaw rocks are below the 
light colored sandstones of the northwest. :For the first 1,500 feet these 
are brown shales and brown feldspathic sandstones, and these gradu
ally assume the characters of a volcanic detrital tuff-amygdaloid
and finalJy at a depth of 3,300 feet uumistakable beds of trap were en
countered alternating with sandstone beds. At this depth grains of 
native copper were seen in the drillings. 

WINCHELL (N.H. and H. V.),t24 in 1889, maintain that the iron ores 
of the Keewatin of Minnesota are not derived from a carbonate, but are 
probably a direct chemical precipitate; for there is no evidence of the 
existence of carbonate of iron at any time, and the nature of the coun
try rock is such as to imply that no carbonates in amounts reqtrired 
could have been deposited_at the time the rocks were formed. 

WINCHELL (ALEX.)/85 in 1890, repeats his general conclusions as to 
the stratigraphy in northeastern Minnesota and gives in descending 
order a succession, as follows: 

V. The Uncrystalline schists (Animikie, Huronian). 
IV. The Semi-crystalline schists (Keewatin). 
III. The Crystalline schists (Vermilion). 
II. The Gneissoid rocks. 
I. The Gra;nitoid rocks (Laurentian). 

WINCHELL (N. H. and H. V. )/86 in 1890, state that the iron ores of 
.Minnesota are at five different geological horizons, in descending order, 

• 
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as follows: (1) The hematites and limonites of the :Mesabi range, the 
equivalents of the hematites of the Penokee-Gogebic range in Wiscon
sin; (2) the gabbro titaniferous magnetites near the bottom of the rocks 
of the Mesabi range; (3) Olivinitic magnetites, just below the gabbro 
in the basal portion of the Mesabi rocks; ( 4) the hematites and mag
netites of the Vermilion range in the Keewatin formation; (5) the mag
netites ofthe crystalline schists of the Vermilion formation. It is main-

. tained that the upper iron deposits of the Mesabi and those of the 
Penokee Gogepic are the equivalents of the Taconic ores of western New 
England. 

WINCHELL (N. H.)187, in 1891, gives numerous additional :field obser
vations. The relations of the jaspilite, argillite, and green schist are 
considered, and the argillite at least is . regarded as a sedimentary 
rock. The position of the Pewabic quartzite is left uncertain. It is 
considered, however, to overlie the Animikie black slate, unless there 
are two great quartzites. This quartzite has heretofore been made the 
parallel of the great quartzite that overlies the Animikie unconform
ably, but it is possible that it runs below it conformably. In the Stuntz 
conglomerate is found a large bowlder which contains pebbles of chal
cedonic quartz and quartzose felsite and the porphyrel at Kekekabik 
lake. A study of the o e formation leads to the conclusion that al 
three of the known agencies for rock-forming were intermittently at 
work and concerned in the formation of the iron ore, viz: Erupt'ion, to 
afford the basic eruptive material; sedimentation, to arrange it (in the 
main), and chemical preC'ipitcttion in the same water, to give the pure 
hematite and the chalcedonic silioo. The great gabbro of the Cuprifer
ous formation is regarded as lying below the Animikie, among other 
reasons, because it lies next to and immediately south of the gneiss of 
the Giant Range without the appearance of any black slate between 
them; and because bowlders of characteristic gabbro, red syenite, and 
quartz-porphyry occur abundantly in the later traps of the Cupriferous. 

WINCHELL (N. H and H. V),188 in 1891, give an extended treatment 
of the iron ores of northeastern Minnesota and the rocks in which they 
are contained. Excluding the Cretaceous, the rocks here found are 
divided in descending order, as follows: Keweenawan-trap rocks, tuffs, 
red sandstones, and conglomerates (Potsdam a?); Animikie-black slates, 
gray, feldspathic sandstones and limestones; Norian-gabbro of the 
Mesabi hills, red granite, quartz-porphyry, red felsite; Pewabicquartz
ite (Granular quartz, Potsdam~); Keewatin-sericitic schists, gray
wackes, greenstones, agglomerates, j as pili te; Vermilion-mica-schists 
and hornblende-schists (Coutchiehing~), Laurentian-sedimentary, 
gneissic and eruptive, massive or porphyritic. The Keweenawan to the 
Pewabie inclusive are placed in the Taconic, and the Keewatin to the 
Laurentian inclusive in the Archean or Azoic. 

The jaspilite and schist of the Keewatin are found to occur some
times minutely inter laminated; at other times the jasper is in irregular 
layers, which never have any great extent and always iplally pinch 
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out; at other times it is in oval forms, the greater lengths being par
allel with the schistose structure. Again, the jaspilite is in great frag
ments within the green or massive diabasie schists, the masses having 
sometimes such relations with each other as to show that they arc a 
broken continuous layer. The branches from the large bodies of jas
pilite are supposed to be caused by the crumpling, breaki11g; and sqneez- _ 
ing of the entire rock structure by which the thinner sheets have been 
buckled out and thrust laterally among the inclosing schists. The ore 
always occurs associated with the jaspilite, the forms of the <lcposits 
being exceedingly irregular. The ore and jasper are regarded as a di
rect chemical deep-sea precipitate, aecompauied and interrupted by re
peated ejections ot basic volcanic rocks from which the iron for the ore 
is extracted. 

The rocks of the Animikie equivalent to the Huronian and included 
in the Taconic consist chiefly of carbonaceous and argillaceous slates 
with siliceous slates, fine-grained quartzites, and gray limestones. At 
the bottom of the series is a fragmental quartz sandstone 300 feet in 
thickness, which is named the Pewabic quartzite. The slates, conglom
erates, and quartzites are profoundly affected ·and intermingled with 
eruptive material which is similar to that found so abundantly in the 
Keewatin. These beds have the appearance of consolidated. beds of 
basic lava or of porous tuff, but where this prevails there is a sensible 
gradation from the <!ark trap-looking beds to thin beds of slate. At 
Ogishki lake there is a slate conglomerate similar to that on the north 
shore of lake Huron. This conglomerate is not the same as the ag
glomerates of the Keewatin such as that on Stuntz island, at Vermilion 
lake and Ely. The Keewatin is always nearly vertical while the <lip 
of the Taconic rarely exceeds 15°. The iron-ore beds of the Taconic 
are the quartzose, hornblendic, magnetitic group of the Pewabic quartz
ite; an impure jaspilite, hematite, and limonite group; a carbonated 
iron group; and a gabbro titanic iron group. The jaspilitic hematite 
group has the same lithological peculiarities as the jaspilite beds of 
the Vermilion range. The gabbro in which ~he titanic iron occurs con
stitutes the Mesabi range. This has been before regarded as the base 
of the Keweenawan, into which it fades upwardly, but it has been 
found that this great gabbro flow was outpoured at an earlier date, 
and it is placed at or near the bottom of the Animikie. 

WINCHELL (H. V.)189, in 1891, states that the syenite of Saganaga 
lake is conglomeratic in places and contains pebbles which are similar 
to each other, being inostly composed of lamellar augite, with or with
out grains of feldspar, but there are no pebbles of syenite or jasper such 
as occur in the ·Keewatin conglomerates. In the Saganaga granite, at 
the end of the portage on Granite river, is a baud of silica 1~ inches in 
diameter and 3 feet in length. North of Saga,naga lake the syenite 
grades into chloritic syenite-gneiss, and this into thick bedded to mas
sive Keewatin rocks. From these facts it is concluded that the syenite 
is simply a result of locally intense metamorphism. 

• 
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SECTION VI. WORK OF THE LATER UNITED STATES GEOLOGISTS 
AND ASSOCIATES. 

HAYDEN/90 in 1867, in his sketch of the geology of northeastern 
Dakota, describes quartzites along the James river, Vermilion river, 
and at Sioux falls. These quartzites are sometimes conglomeratic. On 
the James river the lines of stratification are nearly obliterated, but the 
rock appears to be metamorphic. The pipestone bed on Pipestone creek 
is associated with the quartzites already mentioned and this rock is 
undoubtedly of the same age. At Sioux falls, while no well defined 
fossils were discovered, upon the outer surfaces of the rocks are rounded 
outlines of what appear to be organic remains, but the peculiar charac
ter of the quartzite points toward the Azoic series. The formation is 
tentatively referred to the Super-Carboniferous, Triassic, or downward 
extension of the Cretaceous; but Hall's opinion that this rock is Hu
ronian is entitled to great weight. 

IRVING, 19t in 1883, gives a systematic account of the Copper-bearing 
rocks of lake Superior. From this group is excluded the so-called lower 
group of Logan, the Animikie group of Hunt, and also the horizontal 
sandstones known as the Eastern and Western sandstones; although it 
includes the dolomitic sandstones, with accompanying crystalline rocks 
between Black and Thunder bays, and occupies the valley of the Black 
Sturgeon and Nipigon rivers, as well as lake Nipigon. The Keweenaw 
or Copper-bearing series then includes the succession of interbedded 
traps, amygdaloids, felsitic porphyries, porphyry-conglomerates, and 
sandstones, and the conformable overlying sandstone typically devel
oped in the region of Keweenaw point and Portage lake. These rocks 
have their most widespread extent about the west half of lake Superior, 
but also occur in the eastern part of the lake. The entire geographical 
extent in the immediate basin of lake Superior is about 41,000 square 
miles. 

The eruptive rocks include basic. intermediate, and acid kinds, but 
there is no such chronological relations between these three kinds as is 
found to be the rule in Tertiary and post-Tertiary times. In the Pali
sades of the Minnesota coast quartz-porphyries are found both over
lain and underlain by basic rocks with abundant evidence that the 
porphyry is a surface flow. The same phenomena are seen at other 
places. Acid flows are superimposed upon basic flows, flows. of inter
mediate acidity immediately overlie acid flows, flows of intermediate 
acidity overlie porphyritic conglomerates, flows of intermediate acidity 
are superimposed upon basic flows, basic rocks are intersected by 
acid rocks, basic flows overlie acid rocks, basic flows overlie those 
of intermediate acidity, acid rocks are intersected by basic rocks. 
There is a complete absence from the series of anything like volcanic 
ash. The detrital rocks of the series are composed of fragments broken 
for the most part from the acid rocks of the series-that is, such mate-
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rial as porphyry, both non-quartziferous and quartziferous, felsite, 
augite-syenite, granitell -and granite, but there are also often foupd 
pebbles of the basic rocks, and in some cases particles of gneiss and 
granite from the underlying series. This is thought to be due to the 
fact that SllCh viscous material would solidify into more or less bulky 
erect masses ~f relatively small area, and thus be most favorably situ-· 
a ted· for degradation. Between the several kinds of original rocks there 
are no sharp lines, but a continuous series of kinds from the most basic 
to the most acid. 

The lithology of the different members of the series is given in detail. 
The basic original rocks include granular, porphyritic, and glassy kinds, 
the most abundant of which are gabbro, diabrtse, melaphyre, and por
phyrite. The acid original rocks include quartzless porphyry, quartz
iferous porphyry, and felsite, augite-syenite, granite-porphyry, and 
granite. Here is included the so-called "jaspers," which have been re
garded by many as metamorphosed sedimentary rocks. The basic crys
talline rocks make up the greater part of the thickness of the series, 
the beds varying from a few feet to several hundred feet in thickness. 
Each of these beds often has a twofold division, an upper amygdaloidal 
portion, and a lower compact portion, which, however, grade into each 
other. The arnygdaloids not infrequently resemble beds of sedimentary 
origin, but they never show any trace of fragmental character, and 
the stratiform condition is seen to be due to a succession of thin flows 
and two fluidal structures. r .. ateral1y the beds are not of indefinite ex_ 
tent, and are far less extensive than sedimentary beds of the same 
thickness. It is generally, however, difficult to prove the continuity 
or noucoutinuity of a single flow over a great distance, but on the Min
nesota shore individual layers were traced with certainty for 10 or 15 
miles, while other beds almost certainly have an extent of nearly 30 
miles, while groups of layers of allied characters are recognizable over 
much longer stretches. The more massive, thicker beds generally occur 
in the lower part of the series. Numerous dikes cut the basic rocks. 
These are generally small, commonly not more than 10 feet in width, 
but in the immediately underlying series on the north shore, the Lower 
Copper-bearing or .A.nimikie group, are dikes of great magnitude. Of 
the original acid rocks true granite has been observed only in the Bad 
river region ofWisconsin intersecting the coarse gabbro at the base of 
the series. Quartz-porphyry and allied acid rocks have a widespread 
occurrence, two of the largest masses being the palisades of Minnesota 
and the core of the Porcupine mountains of Michigan. The detrital 
members have often a great extent. The outer conglomerate of Kewee
naw point, for instance, is traced from the eastern extremity of the 
point to the Bad river in Wisconsin, a distance of at least 170 miles, 
although its thickness in this distance varies from less than 100 to as 
much as 4,000 feet. Thinner conglomerates have been traced for as 
great a distance as 50 miles. 



136 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL.86. 

The Keweenaw series is st.ratigrapbieany separated into two grand 
divisions, an upper member, made wholly of detrital material, for the 
most part red sandstones and shale; and a lower division, made chiefly 
of a succession of flows of basic rocks, but including layers of conglom
erate and sandstone nearly to the base, and also original acid rocks. 
The line of separation between the two divisions is somewhat arbitrary, 
for the sandstone gradually increases in quantity upward, but above 
the highest known eruptive member is a maximum thickness of 15,000 
feet of detrital material. The chief c!mracteristics of the lower division 
are, first, that coarse grained basic rocks in very heavy beds are much 
more common at lower horizons; second, amygdaloi<lal texture is more 
frequent and high1y developed at high horizons, this being more charac
teristic of the thinner beds; third, the gabbros are more often found at 
lower horizons whlJe the ordinary diabases and melaphyres affect. higher 
horizons; fourth, the acid rocks are found especially in low horizons, 
rarely reaching above the middle of the lower division;· and, fifth, the 
detrital beds, although seen all the way to the base, are rare in the . 
lower third of the series and increase in thickness and frequency toward 
the top. The thickness of the lower division is placed in round num. 
bers at 25,000 to 30,000 feet, while at the Montreal river its apparent 
thickness is 33,000 to 35,000 feet, but a part of this may be due to the 
westward continuation of the Keweenaw fault. 

Detailed descriptions are given of the rocks of Keweenaw point, of 
the region between Portage lake and the Ontonagon river, of the South 
range, of the region between the Ontonagon river and Numakagon lake 
including the Porcupine mountains, of northwestern "-'~isconsin and the 
adjoining part of Minnesota, of the Minnesota coast, of isle Royale and 
Nipigon bay, of Michipicoten island and the east coast of lake Superior. 
Silver mountain, belonging to the South range, is composed of diabase, 
dipping at an angle of 30°, and appears to be surrounded by horizontal 
sandstone. On the west branch of the Ontonagon are found cliffs of 
horizontal sandstone almost in proximity with ferruginous slate supposed 
to belong to the Huronian, and but a short distance from diabases re
garded as Keweenawan. The isolated position of the South range is 
regarded as due to a fault, as there is no evidence whatever of a fold, 
and to regard this part of the series as a COJltiuuous conformable 
succession with the Keweenawan rocks to the north would give the 
series an incredible thickness. The Porcupine mountains are found 
to be due to a subordinate fold in the series, the core being a quartz-
porphyry. . 

All the known facts with reference to the relations of the horizontal 
sandstQne to the Copper-bearing rocks of northwestern Wisconsin and 
the adjoining part of Minnesota are recapitulated. The unconformity 
between the fossiliferous Cambrian of the St. Croix valley and the 
bedded melaphy:re and amygdaloids described by Sweet, Strong, and 
Chamberlin is indisputable, and the latter rocks are identical in nature 
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and in structure with thl3 similar rocks of Keweenaw point and have 
- been shown to be in actual continuity with them. At Snake and Ket

tle rivers the diabase and diabase-amygdaloids with interbedded por
phyry conglomerates are in aU respects like those of Keweenaw point, 
and here, as shown by Chamberlin and McKinlay, the horizontal Cam
brian sandstone overlies theae beds unconformably. Sweet's examina
tion of the Kettle and St. Croix rivers shows that here are cupriferous 
rocks which are identical with those of Keweenaw point, upon which 
the red sandstone of lake Superior west of the Montreal reposes uncon
formably, at Black river, Copper creek, Aminicon river, and Middle 
river. The disturbances of the overlying sandstone described by Sweet 
are due in part to the irregularities of an unconformable contact and to 
the pressure of the deep-seated Keweenaw rocks against the more 
shallow sandstone, out also in large measure to a faulting that has 
taken place along the contact line. The phenomena if not explained as 
above may be regarded as due to the intrusion of disturbing masses or 
dikes, as suggested by Whittlesey and Norwood, or the sandstone may 
be supposed to belong to the upper division of the Keweenaw series let 
down by a great fault. The first of these suppositions is forbidden by 
the bedded structure of the rocks, and the second is shown by the gen
eral structural features of lake Superior to be a physical impossibility. 

The amygdaloidal and porphyritic rocks, and the granite, granitic 
porphyry, and felsite of the Duluth gabbros and the Minnesota coast 
are found in every case to be original eruptive rocks having all the 
evidences in their structure of this origin and none whatever of being 
metamorphosed shales and sandstones resulting from the red sand
stones of Fond du Lac, as supposed by Prof. N. H. Winchell. 

It is concluded ·that the Eastern sandstone along the south face of 
Keweenaw range is both a fault cliff and a shore cliff against which the 
newer sandstone was laid down, but not until after a large erosion, and 
that faulting again took place during or after the deposition of the 
sandstone; that this original faulting is demanded along this line by 
the relations of the Keweenaw and South ranges, without which the 
Keweenaw rocks would have an enormous thickness. 

The relations of the Eastern sandstone and Keweenawan traps are 
described at Bete Grise bay, along the Hungarian river and Douglass 
Houghton ravine, and sections given showing the sandstone to rest 
unconformably upon the eruptives. At the Torch lake quarry the 
Eastern sandstone is found horizontally disposed in heavy layers, con
~aining no fragments of porphyry such as are distinctive of the Kewee
nawan sandstones. No evidence of a northwesterly dip described by 
Wadsworth was here found. The sandstone adjacent to the trap is of 
the ordinary quartzose character. It is remarked that Wadsworth's 
statement that the feldspathic constituents have been leached from it, 
thus accounting for its differences from the Keweenawan sandstone, is 
a pure supposition. Farther west on and near the Ontona.gon river, as 



138 PRE-CAMBR!AN ROCKS OF NORTI:l AMERICA. [BULL.a6. 

at Bete Grise bay, the sandstone dips a~ay from the nqrth-dipping 
Keweenawan diabases at quite a high angle near the contact, which 
rapidly flattens as it is receded from. Finally along the north face of 
the_ South range eastward from lake Agogebic the sandstone is_ not 
infrequently met in a flat-lying position, and at one place lies directly 
across the course of the Keweenawan belt. 

As to the age of the Eastern sandstone, it is regarded as demon
strated that it is older than the Trenton; hence its Triassic age is not 
discussed. The Western sandstone is regarded as the equivalent of the 
Eastern sandstone, although they are not found connected, nor is the 
Western sandstone at any point connected with the Mississippi valley 
Cambrian sandstone. It has, however, already been shown that the 
Keweenawan rocks rest unconformably under the Cambrian sandstone 
of the Mississippi valley in western Wisconsin. · 

The Animikie series in the Thunder bay district is of great thickness, 
probably upward of 10,000 feet, comprising quartzites, quartz-slates, 
clay-slates, magnetitic quartzites, sandstones, thin limestone beds, and 
beds of cherty and jaspery material. With these are associated in 
great volume both in interbedded and intersecting masses coarse gab
bro and fine grained diabase, like those well known in the Keweenaw 
series. A broad examination of the region shows that there is little 
ground for the belief in one crowning overflow. The Animikie series is 
litbolog·ically like the Penokee range in Wisconsin,; both series bear the 
same relations to the newer Keweenawan rocks and the older gneisses, 
and the two groups are regarded as the same. 

The Animikie rocks are also the equivalent of if not actually continu
ous with the Mesabi iron range running to Pokegama Falls and the 
slates of the St. Louis river, although these latter are affected by slaty 
cleavage. 

The Original Huronian of Logan is compared with the Animikie 
slates of Thunder bay and the two are regarded as equivalent. The 
Marquette and the Menominee Huronian, with minor exceptions due 
perhaps to metasomatic changes, are lithologically like the Animikie 
and Penokee serie~, and are also regarded as belonging to the same 
horizon. The Original Huronian, the Animikie slates, the Penokee 
iron rocks, and iron- bearing rocks of Marquette and Menominee appear 
then to belong together and may hence properly be called Huronian. 
The Huronian schists in each of these areas are limited by granite and 
gneiss. There are, however, considerable areas of crystalline schists 
the relations of which are doubtful, and it is suspected that in several . . 
of the iron regions there are two distinct kinds of schists, those belong-
ing t~ the Huronian and a schistose greenish phase belonging with an 
older series. It is also possible that a portion of the granites are erup
tive and relatively new, while others, and especially those connected 
with the gneisses, may be of some sort of metamorphic origin not un
derstood. The iron-bearing schists of Vermilion lake are, however, so 
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like the Huronian that they are regarded as a folded continuation of tbe 
Animikie beds. 

That the Animikie Huronian is beneath the Keweenawan rocks is 
shown by the fact that the Keweenawan beds along the Minnesota 
coast are passed in descending order until theAnimikie slates are reached 
at Grand portage bay, but there is not a direct downward continuation 
of the Keweenawan into tbe Animikie, for between the two there bas 
been an intervening period of erosion. This is shown by the fact that 
at Grand portage bay where the two formations come together the un
derlying slates suddenly rise entirely across the horizon of 600 or 700 
feet of the Keweenawan sandstone. Also in northeastern Miunesota 
and in the Penokee district the overlying Keweenawan now is in con
tact with one member of the underlying series and now with another. 
Further, in the Keweenawan sandstones of Thunder bay are found chert 
and jasper pebbles from the _A.nimikie, while in the Wisconsin Kewee
nawan are quartzite pebbles apparently from the underlying Huronian. 
More abundant than these, in the Keweenawan conglomerates are peb
bles of older gneiss and granite. Lithologically the Keweenawan rocks 
are also unlike the Huronian. The bedded and sedimentary series of 
the two groups are in strong contrast. The shales and sandstones of 
the Keweenawan have nothing in common with the quartz-slates and 
quartz-schists of the Huronian. Also in the Huronian there is nothing 
like the acid eruptives of the Keweenawan. They ha"ve the common 
feature only of basic eruptive rocks, aud of these in the Huronian there 
are no amygdaloidal or vesicular layers. A further difference between 
the Huronian and Keweenawan is in the degree of metamorphism. 
The Keweenawan sediments are unaltered, while the Huronian sedi
ments are metamorphic. Whether this metamorphism took place before 
or during the period of Keweenawan eruptions and deposition is uncer
tain. 

That the closely plicated Huronian rocks were folded before Kewee
nawan time is indicated by the fact that the troughs of Huronian schists 
adjacent to lake Nipigon lie directly athwart the flat-lying Keweenawan 
beds. If these schists are truly Huronian and equivalent to the un
folded rocks, as supposed by Bell, there can be no doubt of the exist
ence of a genuine unconformity between the two systems. The Ke
weenawan synclinal forming the bed of lake Superior is found to com
prise the whole basin, as well as a considerable area in northern Wis
consin and Minnesota. Not only the form of the lake as a whole, but 
its chief bays are due.to subordinate folding or faulting of the Kewee
nawan series. In the great synclinal movement the underlying Huro
nian has partaken. 

0HAMBERLIN, 192 in 1883, gives a summary of the arguments for re
garding the copper-bearing series of lake Superior as pre-Potsdam: 

, (1) The weakest argument of all, the general stratigraphical relations, 
indicate this. The Potsdam sandstone throughout the entire basin of 
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lake Superior is always horizontal, or nearly so, while the Keweenawan 
series at many points immediately adjacent have suffered extensive dis
turbance. (2) The difference in thickness is enormous; the Potsdam 
rarely reaches 1,000 feet thick, while the Keweenawan series has, in 
addition to a vast thickness of interstratified eruptives and detrital 
rocks, an upper portion free from igneous matter 15,000 feet in thick
ness. (3) The sandstones of the Keweenawan series are largely com
posed of silicates, while the Potsdam sandstone is mainly quartzose. 
(4) At numerous points the Potsdam is found to rest against or upon 
the upturned edges of the Keweenawan series unconformably. Strong 
has found fifty-five places on the St. Croix where the unconformable 
contact occurs. In Douglas county are four sections in which the Pots
dam sandstones become conglomeratic, bearing material from the Cop
per-bearing series, but here the contacts are complicated by subsequent 
disturbances. There are several other districts, such as the upper St. 
Croix river, the Snake and Kettle rivers in Minnesota, and the vicinity 
of lake Agogebic in Michigan, where the quartzose Potsdam sandstone 
is in a horizontal position and lying near the upturned igneous and 
detrital rocks of the Keweenaw series. (5) The foregoing facts are all 
consistent with each other. (6) The view is dynamically simple, whereas 
any other explanation implies an extraordinary amount oflocal faulting 
and disturbance. (7) In the Grand ca~yon of the Colorado is a series 
of rocks remarkably similar to the Keweenawan, which lie directly and 
unconformably below the Cambrian. 

IRVING and VAN HISE/93 in 1884, describe quartzites of many local
ities belonging to the rock series referred to the Huronian in theN ortb
west, and find that their supposed metamorphism is due to the deposi
tion of interstitial silica, which has for the most part coordinated itself 
with the original grains, the forms of the latter being as perfect as at 
the time of deposition. The list of rocks given include those from the 
Original Huronian, from the various iron-bearing regions of Michigan 
and Wisconsin, from the Baraboo and Chippewa quartzites, from the 
Minnesota, Iowa, and Dakota quartzites, and from other localities. 

IRVING and OH.A.MBERLIN/9{ in 1885, give a systematic account of 
the junction between the Eastern sandstone and Keweenaw series on 
Keweenaw point. Detailed descriptions are given of the relations of 
the two series at Bete firise bay, at the ~.,..all ravine, at the St. Louis 
ravine, at the Douglass Houghton ravine, at Torch lake quarry, at Hun
garian ravine, and at other points. The conclusions, and the grounds 
upon which they are based, of Jackson, Foster and vYhHney, Agassiz 
Rominger, Credner, and those who have followed them, are discussed 
in detail. 

At Bete Grise bay the horizontal sandstone is found upon approach
ing the melaphyre to become tilted upward, and along the junction is 
found the evidence of faulting, both in the fluccan of the sandstone and 
in the broken character of the melapbyre at the contact. At the 
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Wall ravine the sandstone and conglomerate bearing fragments of the 
porphyry-conglomerate, wHh which rock the contact here occurs, are 
found to dip at a considerable angle away from the eruptive rock and 
to rest directly upon it. At the St. Louis ravine the sandstone is found 
upon approaching the Keweenaw series to become rapidly tilted up
ward, and before reaching the Keweenawan rocks to become vertical, 
while the interstratified eruptives and detrital rocks of the Keweenaw 
series dip away from the sandstone. At the Douglass Houghton ra
vine the horizontal sandstone is found upon approaching the Keweenaw 
series to become bent into a series of fofds and to dip downward under 
the traps and porphyries, which dip at a steeper angle in the same di
rection. Along the contact the trap is shattered. At -Torch lake 
quarry the sandstone is found to be in a horizontal position, there being 
no evidence whatever found that this structure is jointing or that the 
real dip has an inclination, as described by Wadsworth. The crystal 
outlined grains of sand here contained are found to be produced by 
secondary growth rather than crystals derived from quartz-porphyry. 
At the Hungarian ravine the relations are much . the same as those at 
the Douglass Houghton ravine, except that the Keweenawan diabase is 
interstratified with conglomerate instead of quartz-porphyry. Along 
the contact the sandstone is broken. 

In getting at an explanation of the facts there must be taken into 
account the bedded nature of the Keweenaw series; the uniformity and 
steadiness of dip; the enormous thickness of the Keneenaw s~ries; the 
general horizontality of the Eastern sandstone; the quartzose character 
of the Potsdam sands in distinction to the silicate nature of the Kewee
nawan sands; the mutual relations and distribution of the two series; 
the relations to topography; the relations of the two series to drain
age; the comparative straightness but gentle undulations of the junc
tion line throughout its course of nearly 100 miles; the coincidence 
of the line of escarpment with the line of junction of the two series; 
the disturbance along the line of contact; the special character of the 
distortions; the character of the junction; the junction debris; the irreg
ular and broken contact faces of the two series; the fact that the con
tact occurs between the Eastern sandstone and different members of 
the Keweenaw series; the discordance of strike; the derivation of the 
pebbles of the Eastern sandstone from the Keweenaw series; the dis
tribution of the pebbles, those of the Keweenaw series being found 
only near the immediate junction; the imperfect assortment of the 
pebbles and matrix near the junction; the angularity of the pebbles at 
this place; the absence of large fallen masses of trap in the Eastern. 
sandstone; and the proximity and relations of the Trenton limestone, 
resting as it does upon the Eastern sandstone within a short distance. 
These specifications are taken to point with distinctness to the conclu
sion that the Keweenaw series is much older than the Eastern Potsdam 
sandstone, that it was upturned, faulted along the escarpment and . 
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much eroded before the deposition of the Eastern sandstone, that the 
latter was laid down unconformably against and upon the former, and 
that subsequent minor faulting along the old line ensued, disturbing 
the contact edge of the sandstone. 

IRVING,195 in 1885, discusses the divisibility of the Archean in the 
• Northwest. The relations of the Penokee-Gogebic series to the over

lying Keweenawan and to the underlying complex are first discussed. 
The area south of the Penokee-Gogebic series is found to consist of crys
talline hornblendic, chloritic and micaceous schists which locally show 
unmistakable evidence of fragmental origin, but which as a whole are 
intensely metamorphosed. The granites, however, are considered as of 
eruptive origin as they intersect intricately the associated schists at 
their contacts with them, but the granite is never found to cut the 
overlying slates. .Above this granite-gneiss-schist area is, first, a belt 
of slate 500 feet thick, over this a belt of iron-bearing rocks of various 
kinds, and above this quartzites and slates, all having a dip to the 
north and extending for many miles east and west. None of these rocks 
are metamorphic. 

North of this succession of layers, the Penokee series, is the Kewee
nawan series, which appears at first to be conformable, but a closer in
spection shows that it is now in contact with one member of the under
lying series and now with another, even lying against the lowest 
member of the Penokee series. These relations are taken to imply that 
between the Keweenawan and Penokee series there was a long period of 
erosion. There is also an unconformity between the granite-gneiss-schist 
complex and the Penokee Gogebic series. This is shown in the man
ner in which the regularly succeeding belts of the iron series traverse 
the courses of the lower; in the strong contrast between the two series 
in degree of crystallization, the lower series being nearly completely 
crystalline while the higher is little altered; in the highly folded and 
contorted condition of the lower series as contrasted with the unfolded 
condition of the higher; in the contrast between the contacts of the 
granite with the lower schists and with the higher slates, the former 
being invaded by it in an intricate manner, the latter never; in the 
discordant lamination of the two sets of rocks when in contact or close 
proximity; in the occurrence in the upper series, not only at horizons 
above the base, but also at points on the contact line, of abundant 
detrital material from the lower series. 

In the Marquette district is found a slaty iron-bearing series which 
by common consent is regarded as the eq11-ivalent of the Penokee
Gogebic series; but the two have one point of contrast, the Marquette 
is highly folded. Here intervenes between the iron-bearing slate~ and 
the granites and gneisses a set of greenish horn blendic rocks, called 
by Rominger a dioritic group, which at their contact with the bounding 
granite are penetrated by them in the most intricate manner, so that one 
can not resist the conclusion that the granite is the more recently formed 
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rock. These green schists are regarded as the equivalent of those cut 
by granite in the Penokee-Gogebic district. On this view the slate 
series of the Marquette district, consisting in the main of little altered 
rocks, was built up on a basement composed of granite and gneiss 
and greenish schist, and subsequently pushed into trough-like forms. 
In support of this view is cited the failure of the granite to penetrate 
the slates and quartzites associated with the iron, and the occurrence 
in the higher series of fragments from the lower, recomposed rocks 
occurring at points where the quartzites come in contact with the 
basement rocks. 

The Archean in these regions is then divisible unless the upper series 
are called Cambrian, for which there is no ground until in them fossils 
have been discovered. These upper series are compared with the Hu
ronian of lake Huron, and are found to be lithologically like them, and 
to bear the same relations to the underlying rocks, and to them the 
term Huronian is applied, while the underlying complex is regarded as 
Laurentian. 

IRVING 196, in 1885, gives a preliminary account of an investigation of 
the Archean formations of the Northwestern States. The problems to 
be solved are discussed. An examination of the Original Huronian area 
of Murray and Logan shows that it is a series of rocks which is bent 
into gentle folds and which is composed for the most part, excluding 
eruptive material, of quartzites and graywackes, with a subordinate 
proportion of limestone and chert. The rocks as a whole are very little 
altered and resemble more the fossiliferous formations than the crystal
line schists. 

The Marquette and Menominee iron-bearing series are highly folded 
and the metasomatic chang-es which the crystalline members of the 
series have undergone are often extreme. Excluding the greenish 
schists of the lower part of the series, which may belong to an older 
formation, the rocks are mainly fragmental slates and quartzites, in
cluding a large proportion of basic eruptives, and also iron ores, lime
stones, etc., the whole having a distinctly Huronian aspect. The vari
ous greenstone layers of Brooks' scheme are regarded as eruptive, either 
contemporaneous or subsequent, as are also many of the greenish schists 
which by gradation pass into the massive greenstones. The iron ore 
and jasper are regarded as of sedimentary origin, being remarkably 
like similar material in the Penokee-Gogebic and Vermilion formations 
where there can be no doubt of their water-deposited character. In the 
Marquette district, as well as in the Vermilion lake district in Minne
sota, are conglomerates overlying the iron belt which sometimes con
tain fragments of the underlying formation several feet in length. 
These fragments prove the existence of the the jaspery and chalcedonic 
material in its present condition before the formation of the overlying 
quartzite. 

The Penokee-Gogebic iron belt is regarded as continuous with the 
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Huronian of the Marquette district. The slate belt of the St. Louis and 
Mississippi rivers is undoubtedly the equivalent of the Animikie series 
and of the Huronian. Equivalent with those are also the quartzites of 
Chippewa and Barron counties, the ferruginous schists 9f the Black 
River, the Baraboo quartzites, and the quartzite series of southern 
Minnesota and southeastern Dakota. 

At New Ulm and Redstone in J\iinnesota the quartzites and conglom
erates plainly uncomformably overlie the gneiss. The thickness of this 
formation here exposed is probably about 5,000 or 6,000 feet, a contin
uous section being found by Merriam at Sioux Falls, South Dakota, 
having a thickness of not less than 3,000 to 4,000 feet. The tilted posi
tion of theRe q m1rtzites, their great thickness, their lithological contrast 
with the Potsdam sandstone, make it evident that between these series 
and the overlying Potsdam sandstone is a great unconformity. 

In the Animikie series is a c strongly marked continuous . horizon of 
cherty and jaspery magnetitic schists and quartzites. The series as a 
whole is quite flat-lying, although having subordinate irregularities. 
The series having ferruginous schists north and west of lake Superior 
are regarded in part as having been once continuous with the Animikie 
series•and are now separated merely because of erosion on the crowns 
of the folds, the close folding of the Vermilion schists being produced 
concomitantly with the broad simple trough of lake Superior. In sup
port of this position is the fact that the great conglomerate of Ogishki 
Manissi, with the alternating quartzites and slates of Knife lake, is 
strikingly like the Huronian rocks. It is also the case that in the 
vicinity of Agamok lake the Animikie quartzites appear gradually to 
take on a folded condition. 

In these various Huronian areas quartzites, graywackes, and clay 
slates, with intermediate phases, make up the most of the clastic series·· 
As has been seen, these are rocks which have been indurated by meta
somatic changes, and it follows that the bulk of the rocks which form 
the Huronian do not properly fall under the head of metamorphic rocks. 
The various augitic and hornblendic greenstones, peridotites, and fels
itic porphyries are regarded as eruptives, while many of the schists are 
modified rocks of the same character. The cherty and jaspery rocks 
are supposed to be some sort of original chemical sediment, certainly 
not the result of metamorphism of sedimentary material. The lime
stones are in no essential respect different from many met with in the 
formations of later date. 

IRVING, 197 in 1886, discusses the origin of the ferruginous schists and 
iron ores of the lake Superior region. An examination of the Animi
kie, Penokee, Marquette, Menominee, and Vermilion districts reveals the 
fact that in all of them is found abundant carbonate of iron, which often
times grades into the other forms of the iron-bearing formation. The 
silica of the jasper, actinolite, magnetite schists, and other forms of 
the :ITon belt never shows any evidence of fragmental texture~ so ~~sily 
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discovered in the case of the ordinary quartzites aud graywackes, and 
is therefore of chemical origin. Associated with the iron-l>ec.ning beds 
is often a considerable quantity of carbonaceous or graphitic schists. 
It is concluded, (1) That the original form of the iron-bearing beds of 
the lake Superior region was that of a series of thinly bedded carbon
ates, interstratificcl with carbonaceous shaly layers iu places, which 
were more or less highly ferriferous. (2) That by a process of silicifi
cation these carbonate-bearing layers were transformed into the various 
kinds of ferruginous roeks now met with. (3) The iron thus removed 
from the roek at the time of silicification, passed into solution in the 
percolating waters, was redeposited in various plaees, and thus formed 
the ore bodies and bands of pure oxide of irou. ( 4) That in other 
places, instead of leaching out, the iron has united with the silicifying 
waters to form the silict:Ltes now found, such as actinolite. (5) That 
some of the silieifying process went on before the folding, but some 
afterwards, and to the latter periocl belong probably the larger bodies 
of crystalline ore. 

WILLIS, 198 in 1886, describes the rock occurrences at several iron dis
tricts in northeastern Minnesota. At Pokcgama falls on the Mississippi 
are found outerops of red quartzite, coarse grained sandstone, some
times metamorphosed to a quartzite and irregularly interstratified with 
hard speeular ore. On Prairie river is found granite, southeast of 
which are quartzites, sandstone, and ore. 

At Vermilion lake the iron-bearing series has a dip of between 350 
and goo, the structure being regarded as an anticline, upon the north 
side of whieh is the Vermilion range and on the south side that of Two 
rivers. The suecession from the base upward is as follows: (1) Light 
green, thinly laminated, chloritic sehist. (2) Jasper of white, g;ray, 
brown, and bright red colors, interstratified with layers of hard blue 
specular ore, which also oceurs in ore-bodies of considerable extent run
ning across the bedding; thickness 200 to 60il feet or more. (3) Ohlor
itic sehist, similar to.l; original thickness probably about 150 feet. ( 4) 
Quartzite, dark gray, white, or black, of saccharoidal texture, contain
ing grains of magnetite which make it a readily recognized magnetic 
formation; probable thickness 200 feet. (5) Conglomerate, consisting 
of sandstone pebbles and traces of blaek slate inclosed in silieeous 
chloritic schist. (6) Compact homogeneous roek, composed of quartz 
grains, chlorite, hornblende, plagioclase feldspar, and caleite. This 
rock may be an eruptive quartz -diorite, but is considered a metamor
phosed sedimentary transition bed between 5 and 7. (7) Blaek clay 
slate, fissile and sonorous. It occupies a broad area north of Vermilion 
range. In section 28 huge masses of jasper form the erown of the arch 
and are imbedded in green schist, with _whieh they agree in strike and 
dip. The jasper bloeks are rectangular and several hundred feet long; 
the ends of the bauds eome out squarely to the contact with the schist 
as to a f::tu1t. 

Bull. 86--10 
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IRVING/)0 i11 1887, dh:;cnsses the sepa,rability of a Hurouhtn group 
from. au underlying series. The character of the Original lluronian 
area i~ again fully eli scussed. When two series of rocks are in contact, 
one of which is crystalline in character anti the other unquestionably 
of sedimentary origin, there is presumptive evidence of a discordance 
between them, as, whatever the origin of tbe crystalline schists, their 
preHent condition indicates the action of long-continued and deep-seate(l 
processes of alteration and profound erosion before the deposition upon 
them of the overlying detritals. In the Original H urouian area there 
is not only this distinction in its most marked form, but also the actual 
contact between this series and the Arcllean eomplex is found near the 
mouth of Thessalon river, the upper series having at its base a basal 
conglomerate, the fragments of which are plainly derived from the 
foliated crystalline underlying series. Allied phenomena are also 
seen on the Canadian Pacific railway between .Algoma mills and Sud
bury. It is concluded that the Huronian has a group value because it 
is essentially noncrystalline, because it is truly clastic and sediment
ary, and because it has an immense volume. There is reason to believe 
that the area which stretches from the north shore of lake Huron to 
the Mississippi river, including the basin of lake Superior, is one geo
logical basin. 

In the Marquette district the contradictory conclusions · reached by 
older writers are regarded as clue to the fact that the stratiform rocks 
themselves are made up of two entirely distinct sets; an older series 
of intensely altered and crumpled crystalline schists, in the main of 
greenish color, which are intricately invaded by the granite, and a newer, 
little altered, mainly fragmental series whose contacts with the granites 
and the schists of the older basement are such as to render an interven
ing structural break evident. The peculiar granitoid quartzites which 
Hominger regards as having been produced by the metamorphosed 
action of granite are plainly detrital derivatives from the granite, and 
often ruu into coarse bowlder conglomerates, particular occurrences of 
which are described. Here, as north of lake Huron, as proof of distiDct
ness of the newer series, is a general lithological contrast between the 
two; visible discordances; the penetration of the lower strata of the 
lower series by granite veins which fail to penetrate the higher detrital 
roeks, but yield fragments to them; the development. of true basal con
glomerates at the contacts of the two series; and the fact that the 
higher detrital rocks are in contact with different members of the lower 
series. The most abundant of the upper series detrital rocks are 
quartzites, but there are also present clay-slates, shales, m.ica-schistB, 
and various calcareous and dolomitic rocks, with jasper and ferruginous 
schists and iron ores which are regarded as chemical sediments. 

In passing southward from Marquette great areas underlain by the 
granites, gneisses and schists of the older formation are passed, but 
before the Menominee river is reached at least four distinct belts are 
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crossed occupied · Ly the newer iron-bearing serie~. 'J.1hese belts of 
newer rocks are more closely folded than the Marqu~te district, but 
the relations between the newer and older series arc identical with that 
diAtrict. 

Passing l'tOW to the Penokee district of northern Wisconsin and 
_Michigan, the iron-bearing series is highly tilted but unfolded, and the 
relations are therefore particularly plain. Here the lower of the two 
unconformities is established (1) by the fact that the iron-bearing series 
traverses lithologically distinct areas of the older or basement forma
tion; (2} the intersection of the older schistose rocks by granite which 
never cut the higher series; (3) the occurrence in the higher series of 
basal conglomerates, fragments of which are from the underlying gneiss, 
granite, and schist; ( 4) the lithological contrast of the two sets of 
rocks, the lower being completely crystalline, folded and foliated, while 
the upper is but little altered and regularly bedded. The upper uncon
formity is shown by the manner in which the flows of the Keweenaw 
series are found in contact with all members of the iron series at dif
ferent places along the contact line. 

The Animikie series is gently tilted, and rests in palpable unconform
ity upon a folded series of schists, granites, and gneisses. Above it is 
the Keweenaw series, which bears the same relations to the underlying 
rocks as they do to the Penokee series. 

North of the Animikie beds are schistose iron-bearing rocks, which 
extend fi'om Vermilion lake to the vicinity of Knife and Saganaga 
lakes. These are flanked by gneisses and granites, and on account of 
their lithological similarity to the Animikie rocks are taken to be their 
folded equivalent. While there is not here the same palpable uncon
formities as in the other regions discussed, it is believed that there are 
two groups of rocks, the apparent conformity being due to the intense 
folding. 

There is then a graded series in the structural relations of the older 
and newer rocks from the Animikie, which lie upon the older forma
tions with a slight inclination through the Penokee, which is unfolded, 
although deeply inclined; the typical Hurouian, which is gently folded 
without schistose structure; the Marq 11ette, which is crumpled between 
walls of older schists; the Menominee district, ,where the folding is so 
close that the dllicordances are no longer distinct; to the Vermilion 
lake district, where extreme pressure has produced a general commu
nity of inclination -between the two group~ of rocks. There is then 
iu all these regions a great basement complex of crystalline schists, 
gneisses, and granites, above wL.ich, separated by a great structural 
hiatus, is the Huronian group, mainly of detrital rocks, which is fol
lowed in turn, after a severe structural break, by the Keweenaw group, 
upon the eroded edges of which rest the Potsdam or Upper Cambrian 
sandstone. For the combination of clastic series above the basement 
complex and below the Potsdam saudstone the system name Agnoto
zoic is proposed. 
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IRVING/00 in 1888, diRcnsses the classification of the early Cambrian 
and pre-Cambrian formations, and particularly those of the north
western states. The relations of the Baraboo quartzites to the rots
dam sandstone, the relations of the Potsdam to the K6weenaw series, 
the relations of the Animikie, Penokee, Marquette, Ment)minee, and 
Vermilion lake iron-bearing_ series to the underlying and overlying 
series are again fully discussed. The Keweenawan is held to overlie 
the Huronian everywhere by a very considerable unconformity. Evi
dence before given is repeated, and important additional evidence of 
the break is found in northeastern Minnesota. At the base of the Ke
weenawan is a great mass of g:-t bbro, whieh extends from Duluth north
east to the national boundary, more than 100 miles, and at its maxi
mum is more than 20 miles wide. This basal gabbro is now in contact 
with one member of the Ani 111ikie, and now with another, while in 
other places it is in contact with the lower crystalline schists or gran
ite. In the Huronian are placed the Original Huronian, the iron-bear
ing series of Michigan and Wisconsin, the Black river falls iron-bearing 
series, theAnimikie series, the St. Louis and Mississippi slate series, the 
Vermilion lake iron-bearing series, the Baraboo quartzite series, and 
the Sioux quartzite series. Under the Huronian is the Laurentian, 
separated from it by a great unconformity. This is a series of grauites, 
gneisses, hornblende-schists, mica-schists, and other green schists. 

These correlations are held to be warranted both by the lithological 
ikenesses of the rocks in the different districts referred to the same 
grand division, and the lithological contrasts between the divisio11s, as 
well as by the fact that such unconformities as exist between the series 
must necessarily have a very wide extent. That one or two organic 
forms have been found in the rocks referred to the Huronian is not suf
ficient evidence for extending the term Cambrian _down to cover this 
and the Keweenawan groups. In the Huronian are shales and slates 
which have abundant organic matter and important beds of ferruginous 
strata which were probably accumulated because of the existence of 
organic matter. The fossils discovered are of types which have a great 
vertical range above the Cambrian and may have as great a vertical 
range below it. That a pre-Cambrian fauna existe1 is evident, while it is 
probable that this fauna had affinities with the Cambrian itself. Such 
weak paleontological evidence is not sufficient reason to disregard the 
enormous thickness of the formations to be included in the Cambrian in 
case the Keweenawan and Huronian are here placed, as well as the two 
great unconformities below the Potsdam which must also be covered by 
this term. Archean is restricted to the pre-Huronian rocks. The vol
ume of the clastic series between the Cambrian and the Archean is snch 
as to demand a term of value equivalent with Paleozoic, and Agnoto
zoic or Eparchean is proposed as this term. 

VAN HrsE,201 in 1889, finds the iron ores of the Penokee-Gogebic 
series to be of sedimentary origin and to. have been derived from an 
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original cherty carbonate of iron which is y.et abundantly present in 
the upper horizons of the ore-bearing formation. 

HALL202 (C. W.), in 1889, describes the distribution of the granites of 
the Northwestern states, and particularly those of Minnesota. Th0y 
are found to be either intrusive or granitic veinstones, the latter being 
insignificant in quantity. The granites of Minnesota as to age are 
probably later than the Laurentian floor of the continent but earlier 
than the close of the Agnotozoic era. There are three or four grand 
periods of eruptive activity. 

WILLIAMS,Z03 in 1890, as a result of an extended examination of the 
field relations and microscopical characters of the widespread green
stones, greenstone schists, and agglomerates of the Marquette and Me
nominee districts, concludes that they are all of eruptive origin. This 
conclusion is reached from a consideration of the field evidence, the 
schistose phases being frequently traced by continuous gradations into 
massive forms; and from the microscopical evidence, these unaltered 
forms having all the characteristics of eruptive rocks. The original 
rock types were rather numerous, including gabbro, diabase, diabase
porphyry, melaphyre, diorite, diorite-porphyry, and tuffs. These rocks 
have been compressed, faulted, and crushed, as a tesult of which, com
bined with metasomatic changes, their present condition is produced. 

IRVING,204 in 1890, discusses the field relations of the greenstones and 
greenstone schists of the Marquette and Menominee districts. A field 
study of these rocks, heretofore generally considered sedimen:tary, led 
to the conclusion that they are largely of eruptive origin, and the de
tailed study of Williamg has shown this conclusively. In the Marquette 
district the line of demarcation between the schists and granites is not 
a sharp one, the granites intricately intruding the schists, often in such 
a manner as to render it certain that the granite is the later rock. Also 
the basic dikes which cut the greenstone schists are of wholly subse
quent elate to the schists themselves, and are equivalent in age to those 
which have intruded the overlying detrital iron bearing seri~s. On the 
other hand, it is concluded that the greenstone schists themselves do not 
belong within the same geological period as that which holds the remain
der of the stratiform rocks of the region; that is, the greenstone schists 
are placed along with the granites and gneisses to form the basement 
upon which the overlying· detrital iron-bearing series was horizontally 
and unconformably spread. This is shown by the fact that at a number 
of points the detrital beds which form the basement memlwr of the iron
bearing series proper bear numerous waterworn fragmentR of the gran
ite when in contact with that rock, and, when in contact with the green
stone schists, fragments of those rocks. In some cases the basal quartz
ite appears to grade into the granite, but a study of this quartzite in 
the thin section shows its completely fragmental character. These con
tacts or basal cong·lomerates are described in Sees. 1, 2, 3, 4, n, T. 47 N., 
R. 25 W., Mich.; iu Sees. 21 and 22, T. 47 N., R. 26 W., Mich.; in Sec. 
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29, T. 48 N., R. 25 ,V., Mich.; in Sec. 20, T. 48 N., R. 27 W., Mich.; in 
Sec. 17, T. 48 N., R. 26 W., Mich.; in Sec. 21, T. 48 N., R. 27 W., Mich.; 
and at various points in T. 49 N., R. 28 W., Mich. 

From these occurrences it does not appear possible to escape tp.e 
conclusion that the greenstone schists, together with the granite, are 
greatly older than the detrital rocks, and before the latter were formed 
had already suffered disturbance and deep denudation. This is cer
tainly true if the underlying rocks are fragmental, and the conclusion can 
not be escaped if they are eruptive, for both the greenstone schists and 
the gneissoid granite must have received their schistosity before yielding 
the fragments; and, moreover, their character is such that it is gener
ally believed that they must have crystallized in depth, and must 
therefore have had removed from them great masses of material before 
yielding the discovered fragments to wave action. There are evi
dently granitic rocks of two different ages in the Marquette district, 
because dikes of a :fine grained reddish granite frequently cut tbe 
other granite. This later granite, of relatively small extent compared 
with the main masses, may have perhaps been later in time of forma
tion than the detrital rocks themselves, as indicated by the presence of 
rare quartz porphyry dikes and rare granitic dikes in the Felch moun
tain district intersecting a ferruginous schist of the iron-bearing series. 

The above conclusions are further confirmed by the fact that the 
later greenstones interstrati:fied with sedimentary layers, as shown by 
Prof. Williams, are precisely like the corresponding dikes in the green
stone-schist area, which were evidently intruded subsequent to the 
production of a schistosity. Also the schistosity of the greenstone 
schists corresponds at times with the bedded structure of the iron series, 
while at other times there is no such correspondence. A similar ex
amination of the facts in the Menominee ·district leads to identical 
conclusions; that is, that the granite both south and north of the iron
bearing series and the associated green schists and gneisse~ consti
tute a complex upon which the newer series was deposited. 

IRVING and VAN HrsE,205 in 1890 ancl1892, give a detailed descrip
tion of the Penokee series .of Michigan and Wisconsin, of the complex 
of rocks south of this ser.ies, and discuss the relations which the Pen
okee rocks hear to the nu(lerlying and overlying series, as well as to 
the Eastern sandstone. 

South of the Penokee series is the Southern Complex, an area of fine 
grained green hornblende-schists and mica-schists, gneisses, and gran
ites. There is often no proper contact between the granite, gneiss, and 
schist, but an apparent gradation through a considerable distance 
from one to the other, while the granite often also cuts the schist, 
playing the part of a later intrusive. Distant from tbe lines of contact 
the schists occupy considerable areas. In none of these rocks is dis
covered any evidence of clastic origin. If the massive granites and 
syenites are regarded as eruptive, it must be concluded that many of 
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the schists· nlso have a like origin, because of the graclatii)nS between 
them. 

The Penokee series proper is made up of three members, Quartz-Slate, 
Iron-Bearing, and Upper Slate, and these rest unconformably upon a 
Cherty Limestone member. 

The Cherty Limestone below the base of the Penokee series proper 
varies in thickness from nothing to 300 feet and is not continuous. 
This member shows no evidence as a whole of mechanical origin, 
although occasionally a small amount of detrital material is found in it. 
It is regarded either as a chemical or organic sediment, and is called 
the Lower Penokee formation. 

The Quartz-Slate member, rt:sting upon the Cherty Limestone or upon 
the Southern Complex, is a continuous persistent layer of very constant 
thickness for many miles. It is for the most part in the neighborhood 
of 450 feet thick, although at one locality it reached 800 feeii in thick
ness. The rocks of which it is composed comprise feldspathic quartz
slates, biotitic and chloritic quartz-slates, and vitreous quartzite, the 
latter being a persistent phase at the uppermost horizon. All these 
rocks are plainly fragmental and for tbe most part little altered, although 
occasionally by metasomatic changes they have become semicrystalline. 
The lowest horizon of the Quartz-Slate in the Penokee series proper 
was found at times to be avitreousqnartziteandothertimesto beacon
glomerate. The debris of this conglomerate is usually derived chiefly 
from the Southern Complex, but at several localities contains a large 
quantity of chert from the Cherty Limestone member, and also includes 
a considerable amount of red jasper pebbles, and occasionally co11tains 
pebbles of white vitreous quartzite. 

The next overlying formation is the Iron-Bearing member, which is 
longitudinally coextensive with the underlying Quartz-Slate. The 
thickness of this formation is surprisingly uniform, varying for _the 
most part between 800 and 1,000 feet, although at its eastern extremity 
it apparently becomes thicker. The main phases of rocks here in
cluded are slaty and cherty iron carbonates, ferruginous slates and 
cherts, and actinolitic and maguetitic slates, none of which show any 
evidence of being of mechanical origin. The original form of the entire 
formation is taken to be an impure cherty iron carbonate, also bearing 
magnesium and calcium carbonate. From this condition the many 
phases and varieties of rocks uow found are traced by minute stages. 
These transformations a~'e mainly produced by secondary chemical 
changes. A comparison with the iron-bearing formation of the Animi
lde shows that it consists of the same kind of rocks, which have been 
derived from an iron carbonate in the same manner as those of the iron 
formation of the Penokee series. Tbc iron ores are found to rest for 
the most part npon the underlying quartzite and upon a series of dikes 
which have cut the stratified layers. The ores in this position are sec
ondary concentrations regarded as produced at the same time as the_ 
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modi:fit:atiOJ)j; oftl1c Iron-Bearing member aml due to downwa~rd perco
latillg water, which has removed silica and has substituted iron oxide. 

The Upper Slate member follows above the Iron-Bearing member. It 
is of great and variable thickness, the maximum being over 12,000 feet, 
and it varies from this to entire disappearance, the overlying series 
coming in contact \\'ith the Iron-Bearing or lower members. The rocks 
here comprised are mica-schists and mica-slates~ graywackes and gray
wacke-slates, clay-slates or phyllites, and quartzites and conglomerates, 
all of which are of original mechanical detrital origin. The mica
schists and mica-slates are traced by imperceptible stages back to their 
original little altered or unaltered condition. 

These three members constitute the Penokee series proper. The 
Eastern area of the series is found to differ in many respects from the 
main area already der:;cribed. This was the center of great contempo
raneous volcanic activity, and consequently the succession includes 
large thicknesses of lava flows and volcanic tuffs, which are not paral
leled by the rocks found in the western area, and as a result of this 
disturbing force the detrital succession is not so simple and regular. 

With the Penokee ·series are found eruptives of two classes, dikes 
cutting the formation and i11terbedded sheets, which are probably in
trusions of the same age as the dikes. These eruptives are usually 
diabases, which are like the dikes found in the complex below the 
Penokee series, and which chemically are like the overlying Keweenaw 
series. 

The l)enokee series has approximately an east and west strike, is 
unfolded, and dips to the north at an angle varying usually from 600 
to soo. There are sharp flexures at a few points and small faults at 
only two localities. 

While the strih:es and dips of the Penokee series are persistent, those of 
the underlying schists are variable and often are at marked discordance 
with the Penokee succession. The granites which cut the fine grained 
schists of the underlying complex are never seen to intersect the lime
stone or quartz-slate. At quite a number of places the limestone or 
quartz-shtte is found immediately adjacent to or in actual contact with 
the underlying complex, when it is ahrays found to bear numerous 
water-worn fragments from the Southern Complex, the condition of which 
is that of the rock from which it is derived. vVhen the .contact is with 
the green schists the schistose structure of the underlying rocks abuts 
against the strike of the quattz-slate, while the fragments, with their 
greater length parallel to the schistose structure, are found with their 
longer diameters in the direction of the bedding of the slate, showing 
that their schistosity was produced before they were broken from their 
original position. It is then concluded -that the Sontbern Complex is 
separated from the Penokee series by a great unconformity, and that as 
the quartz-slate is persistent for a distance of many miles, that . the 
underlying complex had nearly reached a base level before the overly
ing series was deposited. 
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Above the Penokee series are the Keweenawan rocks, which arc found 
at Tylcr'B fork above a thickness of at least 13,000 feet of sediments 
belonging to the Penokee series. In passing east or weRt from this 
point the Keweenawan rocks come in contact with lower and lower 
horizons of the Penokee series. At one place the entire succession 
appears to be cut off by it. This is taken to imply that between the 
deposition of the Penokee series and the outflows of Keweenawan time 
there lapsed a sufficient time for erosion to remove at least this thick
ness of sediments, and consequently that between the Keweenawan 
and Penokee series is a very considerable unconformity. 

This unconformity is not, however, evident iu single cross-sec
tions. The bedded Keweenawan traps have a high inclination which 
is not markedly different from that of the Penokee succesRion. The 
inclination of this beddiug is ascertained by the contacts of the differ
ent flows, by the inclination of their amygdaloidal hoTizons, and, north 
of Bessemer, by the contact between the traps and an interleaved sand
stone. 

At lake Gogebic the EasteTn sandstone is found in a horizontal posi
tion to rest against the upturned edges of the Southern Complex and 
Penokee series alike, and to. contain numerous characteristic fragments 
which can have been derived only from these series. Also very numer
ous fragments are found equally characteristic of the Keweenaw series, 
and it is therefore concluded that after the deposition of the Penokee 
and Keweenawan serie:-:;, uefore the Eastern sandstone was laid down, 
that the two former were upturned and suffered great denudation. 

A. comparison of the Penokee series proper and the Animikie series 
shows that they are made up of like succession of rocks, occupying the 
same relative positions with reference to overlying and underlying rocks, 
one dipping northward under the basin of lake Superior and the other 
dipping southward under the same body of water. They are therefore 
regarded as equivalent. As probably equivalent with the Penokee 
series are also placed the various areas of rocks in the lake Superior 
basin referred to the Upper lluronian. 

A comparison of the Penokee with the Marquette succes8ion Hhows 
that there is a very close correspondence. Unconformably below the 
Marquette and Penokee clastics is a crystalline basement complex. 
Within the pre-Keweenawan clastics in each district is a second phys
ical break. Below this break, in the Penokee district, the formations 
of the lower Marquette are now represeute<l only by the Cherty Lime
stone. That other mem hers once existed iH in<licated by the presence of 
fragments of jasper anrl quartzite in the loweRt horizon of the Quartz
Slate. Formations composed of these roclu; and a cherty limestone 
are the characteTistic members of the lower Marquette. 

The correspon<lence of the members of the Penokee series proper 
with those of the upper Marquette is complete. The upper l\iarquette 
and. Penokee ~eries, looked at' broadly, are great slate formatim1s, both 
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of which contain, near the base, an iron-bearing horizon. In the Penokee 
series that l)Ortion of tbe slate overlying the ore formation bas been 
called the Upper Slate member, and that below it the quartz-slate 
member. The lower part of the quartz-slate is a quartzite and con
glomerate, which corresponds to the quartzite and eonglomerate form
ing the base of the upper Marquette series. The uppermost horizon of 
the Penokee quartz-slate is a narrow layer of persistent quartzite, 
which does not appear to be represented in the Marquette district. 
The character of the ore-bearing· member is identical in both districts, 
being unquestionably derived from a lean, cherty carbonate of iron. 
The characteristic rocks of both are now the iron carbonates, ores, and 
cherts containing bands and shots of ore. The chief difference between 
the two is that in the Penokee district the actinolite-magnetite-schists 
are more prevalent, and that the iron-bearing formation is more persist
ent. Connected with this fact is perhaps the presence of the upper hori
zon of quartzite, which shows that a clearing up of the waters occurred 
before the beginning of deposition of tlle iron-bearing sediments. A 
still further analogy between the Penokee and Upper Marquette series 
is the presence in both of abundant surface volcanics. We have then 
in the two districts tbe following parallel descending pre-Keweenawan 
successi011. 

PENOKEE. 

Upper slate, locally mica-schist. 

Iron-bearing formation. 
Quartz-slate; npper horizon persistent 

quartzite; central mass a slate; lower 
part often conglomeratic, bearing frag
ments of lower ser1es, and locally a 
quartzite. 

Unconformity. 
Eroded away. 
Limestone. 
Unconformity. 
Basement complex. 

MARQUETTE. 

Upper slate, rather extensively mica
schist. 

Iron-bearing formation. 
Lower slate; lower part quartzite or 

quartzite-conglomerate, bearing fr a g
ments of lower series, either lower Mar
q nette or Archean. 

Unconformity .. 
Iron-bearing formation. 
Limestone and lower quartzite. 
Unconformity. 
Basement complex. 

VAN HrsE,206 in 1891, describes the physical break between a Lower 
and an Upper Huronian series. In the Marquette district the Lower 
series includes the 10\Yer quartzite and novaculite of Brooks, the lime
stone formation as well as the chief iron-bearing formation containing 
the hard ores, which is comJ)Osed chiefly of jasper and actinolitic and 
magnetitic slates. The Upper series has at its base a vitreous quart
zite, but is chiefly composed of black slates sometime~ carbonaceous, 
graywackes, and mica-schists, together of great thickness, and locally 
contains belts of ferruginous cherts and slates, including ore-bodies, 
which are, however, of a different character from the ores of the Lower 
series. The area occupied by the Upper series is equal to or greater 
than that of the Lower series. That the two series are se11arated by 
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a great unconformity is shown by numerous contacts. At these con
tacts the lower quartzite of the Upper series contains abundant 
fragments of the J,ower series which had reached their present con
dition before being deposited in the former. That the Lower series 
has been greatly folded and deeply truncated before the Upper series 
was deposited, is further shown by the much banded and contorted 
jasper abutting at all angles against the beds of the uptilted but sim
ply folded Upper series, aTHl also by its more crystalline character. 

Since great belts of conglomerates containing abundant fragments of 
ore and jasper are found in the Upper Vermilion, at Ogishki lake, and 
in the Upper Kaministiquia series, it is argued that the source of this 
material is the great belts of iron ore anclja;sper contained in the Lower 
Vermilion, Hunters is laud, and Ijower Kaministiquia series. That the 
Vermilion lake conglomerate is Ull(~onformably ab~ve the schists in 
vertical attitude, bearing ore and jasper, is further incl.icated by the 
fact discovered by Merriam that on the islands of Vermilion lake 
the conglomerate is found to be in a series of gentle folds although 
having a vertical cleavage developed. Merriam regards the conglom
erate as a comparatively thin formation overlying and overlapping 
the Lower series. The presence of red jasper conglomerate in the 
Original Huronian suggests that in this district will be found in the 
future a Lower series similar to the Lower Vermilion bearing jasper 
and ore. 

It is concluded that the confusion in correlation of the formations 
about lake Superior is clue to the failure to recognize this general uncon
formity. Once recognized, the structural conclusions to which the vari
ous writers have most steadfastly l1eld are found to be in general 
harmony. Above the physical break, and constituting the Upper 
Huronian (equivalent to the OriginalllurOltian) are the Animikie and 
Upper Kaministiquia, Upper Vermilion, Upper Marquette, vVestern 
Menominee, Penokee-Gogebic proper, the Dakota, Iowa, Minnesot}t, and 
Wisconsin quartzites surrm~ndecl by the fossiliferous series. In the 
Lower Huronian is the Keewatin (in part at least), the J,ower Kaminis
tiquia, Lower Vermilion, Ijower J\1:arquttte, Felch mountain iron-bearing 
series, Menominee prqper, and the Cherty limestone at the base of the 
Penokee series, and the Black river falls iron-bearing schif.;ts. 

BAYLEY, 207 in 1892, concludes, after a microscopical examination of 
the specimens obtained in the neighborhood of Akeley lake, feom the 
formation designated Pewabic quartzite by the Minnesota geologists, 
that they are granulitjc and quartzose phases of the gabbro, and that 
none of them are sedimentary rocks. These granulitic and quartzose 
gabbros are traced into ordinary gabbros; consequently the Pewabic 
quartzite is a part of tl1e gabbro. The ore beds of the Akeley lake 
series, jnterstratified with these granulitic gabbros, also belong with the 
overlying gabbro and not with the Animikie. This conclusion agrees 
with that of Ohauvenet reached in 1883 and 1884. This iron-bearing 
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silicified gabbro has bceu traced by this geologist southwest through 
sec~. 25, 35, 34, T. 65 N., R. 5 W., to _Mitchigamme lake. '.Phe same 
silicified gabbro belt has beeu found by :Merriam at lake Gobbemichig
omog. 

MERR.IAM, 208 in 1888 aud 1889, in a detailed systematic·study of parts 
of the Marquette district, ascertaiued that about many of the masses 
of basic eruptives the clastic rocks bow in a quaquaversal manner, in
dicating that many of tl1e <hauases, gabbros and diorites are intrusive 
subsequent to the formation of the Marquette series, and that the local 
strikes and dips are often due to this cause. 

VAN BrSE/09 in 1800, examined the rock succession at Iron moun
tain, l\fichigan. Overlying the ore formation of the Ludington and 
Chapin mines is a conglomerate which bears fragments of ore and jasper. 
It therefore appears that after this material reached its present condi
tion in the ore-bearing series it was eroded and furnished debris for a 
newer series. 

PuMPELL Y and VAN Hrs]!j,Z10 in 1891 and 1892, find that in places 
the ore formation of the Menominee and Felch mountain districts passes 
down into the limestone. This gradation may be well see1;1 in the Me
nominee district at a quarry east of the Chapin mine. Also in the 
deeper workings of the Chapin, the ores resting almost directly upon 
the limestone are found to bear a considerable percentage of carbonates, 
including iron, calcium, and magnesium. The Metropolitan ore deposits 
in the Felch mountain district are found associated with or within the 
limestone. At one 11it the ore and jasper may be seen interlaminated 
with and grading down into a limestone. It is tl1erefore probable that 
the ore 'formation of these districts, in part at least, is but an upward 
continuation of the limestone formation, perhaps differing from it origi
nally only in that the upper part containe(l a greater quantity of origi
nal carbonate of iron. 

Above the ore formation at Quinnesec, test pits show the presence 
of a typical chert and jasper conglomerate, in every respect like the 
baf'lement conglomerates of the Upper Marquette. 

SECTION VII. SUMMARY OF RESULTS. 

The lake Superior region is the one in America about which most 
has been written and which has furnished the most definite knowledge 
of the structural relations of the pre-Cambrian rocks. Contained in the 
foregoing summm-y of literature is potentially much that follows, but 
it seems desirable to put together the conclusions which may be con
sidered 'as determilwd and see how far the various positions taken 
by the different writers are rea1lyin harmony. Unless otherwise stated, 
the cited positions of the various authors are their later expressions; 
oftentimes earlier and different views have heen held. For the sources 
from which the conclusions are drawn it will be necessary to turn to 
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the literature, from which, by means of the footnotes, the material may 
be traced to the originals. 

The four series to be arranged arc those known as the lake Superior 
sandstone, the Keweenawan, the Huronian, and the Laurentian. The 
last two have by certain later writers been again subdivided. 

LAKE SUPERIOR SANDSTONE. 

The horizontal red sandstone of lake Superior was recognized as the 
most extensive formation of the lake by the earliest geological voy, 
agenrs, and in what follows this formation will be called the lake 
Superior sandstone. The early travelers, Schoolcraft, Bigsby, and 
Bayfield, regarded it as the Old Red sandstone, although Bayfield later 
considered it to probably underlie the fossiliferous red sandstone of St. 
l\iarys river. It was placed by Jackson, Marcou, and for a long time 
.by Bell, as theN ew Red sandstone. Very early others, including Daw
son (Sir vVilliam), Foster, Houghton, Logan, Owen, Whitney, and 

.Rogers, regarded the sandstone as Lower Silurian or . Potsdam. In 
1873 Rominger finally demonstrated what Houghton had long before 
stated, that the horizontal sandstone is directly overlapped by the Cal
ciferous formation. The sandstone was therefore placed as Potsdam, 
which position it has held since that time without dispute by anyone 
acquainted with the region. 

It was very early seen that the horizontal sandstone is newer than 
the granites and slates of lake Superior, which occupy a lower position 
than the Keweenawan. Schoolcraft saw, as early as 1821, the uncon
formity between the granite and sandstone at Granite point, and that 
between the latter and the slates on the St. Louis river at the head of 
lake Superior. Bayfield recognized this unconformity in 1829, saying 
that the many instances of the conjunction of the sandstone and granite 
proved that the sandstone was deposited after the granite occupied its 
present position. Rogers saw the same relations between the saudstone 
and the slates of Chocolate and Carp rivers, although at first he regarded 
the latter as Primal. Owen, in 184 7, described in northern Wisconsin 
like unconformable relations between the horizontal sandstone referred 
to the Potsdam and the crystalline rocks. Norwood, in 184 7, again saw 
the unconformity between the lake . Superior sandstone and St. Louis 
slate~ at Fond du Lac, described by Schoolcraft many years before. 
Foster, in 1848, saw the same unconformable relations between the 
sandstones and slates at L'Anse. Since these early discoveries of the 
relations between the sandstone and the crystalline rocks were an
nounced they have been confirmed at these original localities · and at 
numerous other localities by many observers. 

·As to the relations of the lake Superior sandstone with the sand
stones interstratified with the trappean rocks, i.e., the Keweenawan, 
there has been the greatest diversity of opinion, and the question is one 
in which there is not yet entire unanimity, although the weight of the 
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evidence is so strongly in favor of the inferior position of the Kewee
naw series that this conclusion is doubted by but few geologists. 

Bayfield, Bigsby, Burt, Rogers, Schoolcraft, and Whittlesey made 
no distinction between the lake Superior and Keweenawan sandstones, 
apparently not recognizing that there was any question of their not 
being equivalent. Jackson, followed by Bell, for many years appar
ently regarded the Keweenawan sandstones as later than the lake Su
perior sandstone. Jackson places the former as New Red, and states 
that the sandstone of the Pictured rocks may not be of the same age. 
Bell at first thought the Keweenawan Permian or Triassic, while cog
nizant of the fact that the lake Superior sandstone is older than the 
Triassic, but recently this writer places the sandstone as probably un
conformably above the Keweenawan. Foster, Wadsworth, Whitney, 
and Winchell (N.H.), after comparisons and studies ofthe problem, have 
maintained that the lake Superior and Keweenawan sandstones belong 
to the same series. Agassiz, Brooks, Chamberlin, Dawson, Houghton, 
Irving, Logan, Macfarlane, Bell, Owen, Pumpelly, Rominger, Selwyn, 
Strong, Sweet, and Wooster have held as their latest view that the 
Keweenaw series is older than the lake Superior sandstone. Agassiz 
at first regarded all the sandstones of the same age, but came to the 
conclusion afterwards that the sandstone was deposited against the up
turned Keweenaw series. Agassiz, Brooks, Chamberlin, Dawson, Ir
ving, Owen, Pumpelly, Rominger, Strong, Sweet, and Wooster maintain 
a great unconformity between the two. Macfarlane held that there was 
a doubtful unconformity between the Keweeuaw series and the lake 
Superior sandstone, the former occupying an inferior position. Hough
ton's, Logan's, and Selwyn's position is that the Keweenaw series is a 
downward extension of the lake Superior red sandstone. The latter is 
regarded by Logan as probably Chazy, and the Keweenawan therefore 
Calciferous or Potsdam. Selwyn and Bell now place the Keweenawan 
as Cambrian. 

The relations of the horizontal sandstone in northern Wisconsin to 
the melaphyres and traps regarded as ~eweenawan have been de
scribed. by all observers to be those of unconformity, the horizontal 
sandstone resting upon the upturned edges of the Keweenaw series. 
The only point of difference has been whether this sandstone is Potsdam 
or not. It is so regarded by the Wisconsin geologists and by Owen, 
but is by N. H. Winchell called St. Croix and is placed above the Pots
dam. The true position of this sandstone another will discuss, but no 
one doubts that it belongs near the base of the Northwestern Paleozoies. 
The extensive area of horizontal sandstone about Agogebic lake be
tween the two highly tilted trap ranges was long ago cited by Brooks 
and Pumpelly as evidence that the lake Superior sandstone is far later 
in age, it being found not distant from the highly tilted Keweenawan 
eruptives. 

The controversy has been most extended as to the relations of the 
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two series on Keweenaw point. A part of what has been regarded as 
the lake Superior sandstone, adjacent to the trap range, has been shown 
by Wadsworth to belong with the Keweenaw series, and it is even yet 
a debatable question a~ to just where at certain places the lake Superior 
sandstone begins and tl10 Keweenaw series ends; becau~e by all it is 
now agreed that near this contact is an ancient fault of great magni
tude, along which post-Potsdam slipping has/taken place. 

In considering the question whether the lake Superior sandstone is a 
part of the Keweenawan, the general field relations are more significant 
than all else. Wherever the Keweenaw series appears in its character
istic development about lake Superior, "from 1\tlichipicoten on the east 
to Duluth on the west, from Thunder bay on the north to Keweenaw 
point on the south, it is a titlecl series, the inclinations rarely being less 
than 30o, never less on the south shore, while more commonly they are 
much higher, running often to 80°. The lake Superior sandstone, on 
the other hand, wherever found, is horizontal, except along lines of con
tact with Keweenawan or other rocks, and here the tilting has been 
explained to be due to faulting. The only localit:r remote from a con
tact at which the sandstone is said not to be horizontal is Traverse 
island, and at this place the facts upon which the statement is based 
have not been published. The lake Superior sandstone runs as a long 
tongue for a distance of more than 50 miles, always in horizontal atti
tude, gradually narrowing to the west; between the north and south 
highly inclined Keweenawan trap ranges to near the Montreal river . 

. Nowhere is it interlaminated with or cut by a single eruptive rock of 
any kind. The finding of detrital rocks between the lava flows of the 
South range of the Keweenawan has no bearil1g against this assertion 
any more than does the existence of such rocks in the main trap range. 
Before it can be concluded that such tilted interlaminated detritals are 
a part of the horizontal Eastern sandstone the two must be traced 
together in continuous exposure. 

These broad field relations and the absence of trap point with irre
sistible force to the conclusion that the lake Superior sandstone is a far 
later formation, laid down t~ince the Keweenawan was deposited, uptilted, 
and eroded. If this is not the c~Jse, that it in broad areas should have 
whol1y escaped the dynamic movements which upturned the Keweenaw 
series everywhere about lake Snr1erior is absolutely inexplicable. 
Equally strange is the fact that it has everywhere escaped iutrusive 
material. It is not a common thing for eruptive activity which extends 
over distances of 300 miles east and west and 100 miles north and south 
to continue in full force np to and stop alo11g a ruled line 100 miles 
long. That this occurred must be believed if the lake Superior sand
stone is regarded as belonging to that part of the Keweenaw series, 
interbedded with the traps, as advocated by Wadsworth. The absence 
of eruptive material in the horizontal sandstone on the theory that it is 
a part of the Keweenawan can be explained only by regarding· it as the 
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equivalent of the upper membert:l of the Keweenawan, and even this 
hypothesis woul<lleaYe \Yholly unexplained the strange field relations. 
The amount of positive evidence, based npon contact relations, neces
sary to establish the conclu:-:;ion that the lake Superior sandstone is 
iuterstratifie<l with the Keweenaw series, cont:lidering these general 
relations (meutionecl by Log-an as early as 1863), would need to be very 
great indeed. 

However, the great mass of the evidence of contacts bears toward 
the later age of the sandstone. At the very numerous localities in 
Wisconsin in wltich the contacts are not obscured by faulting, all who 
have examined the dit:ltrict are · agreed that the sandt:ltone there found 
does rest unconformably upon melaphyres and traps in (:'Very respect 

• identical with those of the Keweenawan. Also the order of superposi
tion of the Potsdam sandstone and the Keweenawan are shown by the 
deep well at Stillwater, Minnesota, described by Meads. This well 
passed through 700 feet of St. Croix and Potsdam sandstone and then 
went into the characteristic interbedded sandstones and eruptives of 
the Keweenaw series. This occurrCJICe alone would seem to demon
strate the inferior position of the Keweenawan, although from the 
nature of the case it can not determine whether there is an unconform
ity between the two. The only district in which anyone has main
tained that the lake Superior ~mndstone does pass in continuous ex
posure between the traps is alm1g the southern border of the Kewee
nawan of Keweenaw point, and, as already said, it is now not denied 
that there has been faulting here both before and since the depo
sition of the Eastern sandstone. :Moreover, t.h~ fault is probably an 
overtluust. It it:l, then, a dh;trict in which the contacts and relations 
are particnhuly liable to be coufusing and misleading. Even here, 
however, examinations by Agassiz, Chamberlin, Irving, Rominger and 
Pumpelly, have lecl them all to the conclusion that the Eastern sand
stone is newer than and overlies the trap, while only Foster and Whitney 
ancl Wads worth maintain the contrary. 

Nearly all of the positive evidence as to the relations of what is 
know·u to be the lake Superior sandstone to the Keweenaw series is 
that the former is far later than and was deposited upon and against the 
uptunted edges of the Keweenawan; that between them is a great un
eonformity; and, as bas been seen, this conclusion is the one reached 
by the gre~ter number who have stud.ied the question critically. As 
the lake Superior Sandstone is Potsdam, it follo\vs that the Kewee
nawan is pre-Potsdam; and since the unconfol'mity separating the two 
is so great, the latter is probably pre Cambrian. 

Till..: CIIARACTEH Ol!' TI-m KEWEENAW Sl~RIES. 

Of the forms of the word proposed for this series, Keweenawiau, 
Keweenian, and KeweenawaH, the last is apparently preferable as being 
most directly derived from the geographical term Kewe~naw. 
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Bayfield, in 1829, recognized the detrital character and source of the 
debris of the Keweenawan conglomerates, and concluded that they 
must be later than the traps. 

The existence of a succession of interbedded clastics and volcanics 
12,000 feet thick about lake f:uperior was recognized by Logan as early 
as 1847. while in 1852 the same author accurately characterized the serieR 
as an alternation of sandstones and conglomerates, amygdaloids and 
traps. The work of Foster and Whitney on the south shore established 
about the same time the existence of a similar great succession on 
Keweenaw point, although the conglomerates were by these authors 
regarded as friction conglomerates caused mainly by volcanic action 
upon the earlier sandstones. Jackson recognized that the conglom
erates are of true detrital origin. The first clear appreciation of the 
contemporaneous interstrati:fied relations between the volcanics aml 
detrital rocks on the south shore was reached by Pumpellyand Marvin<:>. 
Their work was much fuller on this series of rocks than any that had 
gone before, and as a eonseq uence of this the rocks were recognized as 
a distinct system to which the term Keweenaw group was applied. 
Logan, on the north shore, included in his Upper Copper-bearing rocks 
what is here called Keweenawan and the uncomformably underlying 
Animikie. He however recognized that the two bave a very different 
lithological character. The felsites, quartz-porphyries, and other acid 
rocks-in the earlier reports frequently called jaspers-and amygdaloids 
were by many of the earlier authors supposed to be metamorphosed 
sandstones. This position is, I believe, for the acid rocks, held by no 
writer at the present time, with perhaps one exception, and for the 
amygdaloids by none. The work of Wadsworth, Pumpelly and Irving 
has demonstrated beyond aU doubt that these roeks are origii1al erup
tiyes. The Keweenawan is now generally recognized as a series many 
thousands of feet tl1ick, consisting of interbedded lava flows and water
deposited detrital material, derived chiefly from the contemporaneous 
ig11eous rocks. The volcanics are predominant in the lower part of the 
series, the interstrati:fications of the two are most frequent in the middle 
portion, and the upper part of the series is free from volcanics. 

RELATIONS OF ICEWEENAW AND UNDERLYING SERIES. 

Coming now to the relations of the Keweenaw and next underlying 
series, opinion is nearly unanimous. A~ these two series were folded 
together to form the basin of lake Superior, the earlier writers regarded 
them as conformable. That they are really discordant was :first recog
l1iied by Brooks and Pumpelly, who found that the base of the Kewee
nawan is now in contact with one formation of the underlying series 
and now with another, and from this general relation they argued an 
erosion interval. Brooks also brought forward as evidence of this con
clusion the wholly unaltered character of the Keweenawan detritals and 
the simplicity of its folding as comvared with the Huronia,n, The vVi:s-

Bull. 86-ll 
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consin geologists corroborated Brooks's and Pumpelly's results. When 
the relations of the series on the north shore were closely examined 
actual evidence of the erosion interval was found by Irving at Thunder 
bay. The same was seen by McKellar, a11d upon mapping the two 
series in northeastern Minnesota, Irving and Merriam found that the 
same discordance which was found on the south shore appeared, thnt is 
to say, the base of the Keweenawan is now in contact with one member 
of the underlying series and now with another. Selwyn finds at Thun
der bay no evidence of this erosion interval, but this testimony is neg
ative and stands alone. The great mass of evidence from many locali
ties agrees that there is a physical break at the base of the Kewee
nawan. 

The last point to consider in this connection is the reality of the ex
istence and the position of the so-called crowning overflow of the nOl'th
west shore. This was described by Logan, Bell, Selwyn and others, 
and some were inclined to place it with the Animikie and others .. with 
the Keweenawan. Irving, in his general treatise on the copper-beariug 
rocks, does not recognize this overflow as a general formation, but places 
the more important flows to which this term has been applied at the base 
of the Keweenawan. Later work in northeastern Minuesota shows that 
at the base of the Keweenawan is a great area of gabbro, the thickness 
and magnitude of which is incomparably greater than the so-called crown
inp: overflow of Thunder bay. This great mass of gabbro extends from 
Duluth northeast to the National boundary, a distance of 100 miles or 
more, and is at its maximum outcrop more than 20 miles in width. 
There is no question, unless it be considered a subsequent intrusion, 
that this great gabbro is the base of the Keweenawan, for it now comes 
in coutact with one member of the Animilde and now with another. 
At other times it is in contact with the crystalline schists of the Lower 
Huronian, and again with the granite and gneiss of the Laureutian, so 
that it is evident, if it is a part of the regular succession, that all of 
these rocks have been deeply eroded before its appearance. This gab
bro bas been, however, too little studied to venture an opinion as to 
whether it is a great surface flow or succession of flows, or, as sug
gested by Bayley, an immense reservoir in the nature of an early lac
colite or batholite which furnished material for the subsequent diabase 
dikes and sheets of the Animikie and for basic surface :flo,vs of the 
Keweenawan. Recently N.H. "\iVincbell, contrary to all previous work, 
places this gabbro as older than the Animikie. Little evidence is gi vcn 
to support this change of view. No section is given illustrating the sup
posed structure. To the writer there appears to be great if not in:::mper
able difficulties in the way of the correctness of this conclusion. 

GENERAL SUCCESSION ACCORDING TO DIFFERENT WRITERS. 

In taking thenext step downward, we come to the complex about which 
there has been great diversity of opinion and about which it is difficult 
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even yet to see clearly all the results which legitimately follow from the 
work done. The crude notion that the sandstones, traps, jaspers, gneisses, 
granites, and all other rocks of lake Superior represent one great form-. 
ation, the crystalline phases being more metamorphosed materials, as 
maintained by some of the earlier geologists, would now hardly be held 
by any one. .Also it is doubtful if any would deny that the rocks below 
the Keweenaw series are divisible on a structural basis, if the Animikie 
series is here included. The successions deduced by the geologists who 
have made the most extended study of the lake Superior region are as 
follows: 

Logan makes the Keweenawan a downward extension of the lake 
Superior sandstone. Below the Keweenaw series, as before defined, 
is a set of slates (the .Animikie) of very considerable thickness, which 
are, however, a part of the Upper Copper-bearing group, and therefore 
superior to the Original Huronian or Lower Copper-beari11g group. The 
.Auimikie rests unconformably upon the Huronian. .1\.s to the relations 
of the Huronian and Laurentian about lake Superior little is said, ex
cept that at one place they appear to be conformable and grade into 
each other. We thus have Logan's succession, lake Superior sand
stone; Keweenawan; .Animikie; unconformity; Huronian; Laurentian. 
The Animikie, as well as the Keweenawan, is regarded as a part of the 
Cambrian series. 

Selwyn's succeRsion differs from Logan's only in that he maintains 
that an of the rocks underlying the .Animikie in Canada constitute one 
general conformable succession, but divisible into two systems upon 
lithological grounds and the superior position of the seeond. These 
are the I.~aurcntian and Huronian. This order is also thai of Bell. 
With these authors the Laurentian is granitoid and gneissic, while 
the Huronian is quartzose, hornblendic, schistose and slaty. 

Foster and Whitney's succession is Keweenawan, which includes the 
lake Superior sandstone; unconformity; .Azoic-the latter said to be 
in eli visible except on the north shore, and the granites are intrusive 
rocks later than the .Azoic slates. On the north shore the .Animilde 
reposes upon the granite. Until recently Wads worth has held to the 
same succession as Foster and Whitney. In his last paper, however, 
he states it is probable that in the Marquette .Azoic there are three dis
tinct geological formations or ages to which he applies, beginning at 
the base, the terms Cascade, Republic, and Holyoke formations. The 
last two are unconformable with each other. 

l\facfarlane recognizes a Huronian and a Laurentian, but regards 
both series as wholly of igneous origin and the distinction between the 
two a lithological 011e, the basic green schists referred to the Huronian 
being newer than the granite and gneiss, and the pseudo-conglomerates 
found in the Huronian a consequence of the intrusion of tl10 latter, in 
which process fragments of granite and gneiss were caught. The 
Keweenawan is full of debris from the Huronian. 
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Brooks, Pumpelly, Irving, Chamberlin, Sweet, and Wright recognize 
about the same general succession; lake Superior sandstone; uncon
formity; Keweenawan; unconformity; then a great system of rocks 
included in the Huronian; another unconformity; and then a complex 
of granites, gneisses and schists. Irving in his later work separates 
from the Huronian and puts in the Laurentian the formation of dim·itic 
schists, obscure green conglomerates, chloritic schists, etc., cut by 
granite veins in the Marquette district, which Brooks placed as the 
lowest part of the Huronian, but the relations of which are said not to 
have been fully made out. There is the further resultant difference 
between Brooks and Irving that Brooks regards very considerable 
masses of granite in the Menominee district as the highest member of 
the Huronian. As this granite is said to overlie conformably the Hu
ronian schists and to send dikes into them, it is suggested that toward 
the end of the Huronian period there was a grectt eruptive outflow of 
granite. As has been seen, these facts are explained by Irving by 
exeluding from the Huronia11 the granite and the schists cut, although 
it is recognized that lesser granitic intrusions have occurred since Hu
ronian time .. 

Rominger, in his earlier work on the south shore, seeing that his dio
ritic group of Huronian rocks is cut by granite, and considering the 
former as a sedimentary rock, and finding also, as he believed, actual 
transitions between the fragmental quartzites and granites, placed the 
whole complex as IIuronian and regarded the granite as the youngest 
member. These positions are, however, very largely abandoned in his 
later unpublished work. The existence of granite and gneiss prior to 
the deposition of, and wLich have yielded debris to, the lowest members 
of the Iluronian, is recognized, although contacts arc said to be not 
often sufficiently frequent to enable a discrimination to be made be
tween the original primary granites and gneisses and those of later 
eruptive origin. The recomposed character of the detrital rocks which 
repose upon and have derived debris from the granites and gneisses, 
instead of grading into them, is now seen. It is, however, still main
tained that the great mass of the granite and gneiss is an eruptive of 
later· age than the detrital rocks. The dioritic group, which is so fre
quently cut by granite veins, before considered as the bottom of the 
Huronian, is recognized as an igneous rock which must be excluded 
from the sedimentary series. Rominger's succession is, then, lake Su
perior sandstone; unconformity; Keweenawan; unconformity; Hu
ronian sedimentary series, which has, however, been disturbed by great 
intrusions of granite and gneiss, with also basic rocks; uncouformity; 
granite-gneiss-schist complex. 

It is therefore to be noted that Brooks, Irving, and Rominger, who 
have done the most work in the detailed mapping of the rocks of the 

' south shore, reach an identical conclusion as to the succession, the only 
difference being one of emphasis, Rominger insists on the great impor-
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tance of the later granite-gneisses, but does not emphasize the presence 
of the granite-gneiss-schist complex; Irving, on the other hand, reverses 
the emphasis; while Brooks occupies an intermediate position. It is 
most significant that these three men, starting with different views, 
have finally reached like conclusions. For a long time Rominger denie<l 
the existence of the basement granite-gueiss-schist complex. Irving 
was slow to recognize the presence of later intrusive granite. Iu 
Brooks's earlier work in the Marquette district he did not find the 
evidence of intrusive granite-gneiss which he found later in the Menomi
nee district. 

Lawson recognizes a physical break at the base of the Keweenawan 
and a great break at the base of the Animilde, and divides the nnder
lyiug complex about the lake of the Woods and liaiuy lake, Outario, 
into Keewatin, Coutchiching, and Laurentian, t11is bei11g the order of 
occurrence downward, but in age the gra11itic and gneissic rocks are 
later than and intrusive in the schistose rocks. In this matter Lawson 
agrees with the earlier work of Bigsby upon Rainy lake and that of 
Dawson upon the lake of the Woods, except that Dawson did not re
gard all of the granite-gneiss of the lake of the Woods as later igne
ous material. These relations are the same as those described by 
Foster and vVhitney, and by Wadsworth between the granite-gneisses 
and the Azoic slates on the south shore. With Dawson, Lawson agrees 
that the Laurentian gneiss aud granite and the overlying schists are 
conformable. By both of these writers the schistose rocks of the lake 
of the Woods are regarded as sedimentary and largely of volcauic ori
gin. There is the further agreement between I.1awson and Dawson on 
the north shore and Foster and Whitney, Wadsworth, Irving, and 
Williams on the south shore that they regard the greenstone slates 
as largely in the nature of volcanic ash. Lawson gives the schistose 
rocks about Rainy lake a twofold division, both series being regarded 
as sedimentary and in apparent conformity, but there are great differ
ences in the materials of which the series are composed as well as in 
degree of crystallization, and basal conglomerates are found at the 
bottom of the upper series. Between the two there is believed to be 
a considerable geological break. The upper is the equivalent of the 
schistose series of the lake of the vVoods. To cover the two series is 
proposed the system name Ontarian.. Lawson's succession is therefore 
Keweenawan, unconformity, Auirnikie, uueouformity, Keewatin, uncon
formity, Coutchiching, irruptive unconformity, Laurentian cutting both 
Keewatin and Coutchiching. 

It is of interest to note that Rominger's early conclusions as to the 
general relations of the rock series on the south shore were almost iden
tical with those reached by Lawson as to the relations of the different 
series on the north shore; that is, the dioritic group, the lowest Huron
ian, is regarded as remelted metamorphosed Huronian sediments, the 
more crystalJine character of the rocks being due to their closer prox-
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imity to the volcanic forces, and while the great masses of granite-gll(~iss 
are below the dioritic group, these rocks are also iuterstratified with 
and cut the dioritic rocks, the whole granitic group being regarded as 
of igneous origin, and later in age than the sedimentaries. The likeness 
of the dioritic group and Lawson's Keewatin at once suggests itself. 
As bas been seen, Rominger's later studies led him materially to modify 
his opinions and to briug them more nearly in harmony with the eou
clusiom; of Brooks and Irving. 

N. ·H. Winchell's succession is: Keweenawan, Animikie, Norian, 
Pewabic quartzite (all of which are included in the Taconic), Keewatin, 
Vermilion, Laurentian (which are included in the .Archean or .Azoic). 
The Keweenawan is doubtfully ealled Potsuum, and is, with tlw Ani.
mikie, placed as the Georgia formation; and the Pcwabie quartzite is 
provision any placed with the Potsdam granular quartz. Included in the 
Taconic are the quartzites of Minnesota, Iowa, Dakota and Wisconsin. 
The part of the succe~sion placed in the Taconic differs from Irving's suc
cession for this part of the column in that the formations which Winchell 
includes in theN orian and Pewabic are regarded as the great basal gab
bro mass of the Keweenawan, between the upper Keweenawan and the 
.Animikie instead of below the .Animikie. It is not necessary to say 
that Irving rega_rded all of these members as pre-Cambrian. The suc
cession within the .Archean is tLe same as that of Lawsoit, the diffeu~nce 
being only that Vermilion is substituted for Coutcbiching. .Also tbe 
Keewa,tinclastics; Vermilion schists, and Laurentian gneiss are regarded 
as in complete conformity, all detrital, and the lower members but more 
metamorphosed than the upper . 

.Alexander Winchell's succession below the Keweenawan is Huronian, 
JCeewatin, Vermilion and Laurentian. .At the base of the Huronian is 
a great structural break. The three lower series are in conformity and 
grade into each other. This is much tlw same as this part of the suc
cession given by N. H. Winchell, exeept that one great series, the 
Ogishki conglomerate, is placed by the latter as. a part of the .Animikie 
(Huronian) while by .Alexander Winchell it is placed with the Keewatin. 

Doubtless to the minds of many the great thickness of the combined 
Keewatin and Coutchiching of Profs. Winchells and Lawson will be 
presumptive evidence against the structure which they have wol'kcd 
out. This thickness as given by .Alexander w ·inchell is more tban 
30,000 feet, while Lawson gives the Keewatin a thickness of 5 mil~s au d. 
tl1e Coutchiching a thickness of 4 or 5 miles, or in the neighborhood uf 
50,000 feet. The manner in which the structure of the Keewatin antl 
Coutchiching schists always strike parallel to and encircle the adjacent 
granite masses suggests that these intrusives have developed slaty 
cleavage or schistose structure which has been mistaken for bedding. 
Lawson supposes the intruding granite has upthrust the beds nntil 
they now stand on end. That both schistose structure and bedding, 
with marked discordance to each other, exist east of Rainy lake is posi
tively maintained by Pumpelly and Smyth. 
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If the objection of great thickness for the Keewatin and Couichi
ching has weight, the enormous thickness of over 120,000 feet given 
for the conformable system in northeastern Minnesota, on the theory 
that the Keewatin and Coutchiching are conformable and grade into 
the gneissic series, and that all are of sedimentary origin, now folded 
into a simple synclinal structure, will be still more weighty evidence 
against the correctness of the conclusion reached. It is notable that 
WiJlis's explanation of the structure at the center of this suppm;;ed 
syncline, Vermilion lake, reverses this and makes it an anticline. 
Lawson does not have to meet this difficulty because he reg~trds the 
granite and gneiss as irruptive and consequently a series to which the 
principles of ordinary stratigraphical geology do not apply. 

From the foregoing statements it might be concluded that lake 
Superior stratigraphy below the Keweenawan is in a greater state of 
confusion than is reaJly the case, for a closer examination of the vari
ous successions shows that many apparent discrepancies are not real, 
if conclusions are not extended beyond the field studied in each case. 
Confusion has resulted because tbe conclusions built up from a study 
of a small part of the region have been assumed to apply to the whole, 
and because different names are used for the saine thing. The lake 
Supm·ior region is so large that no one has had or can have a detailed 
.versonal knowledge of more than a small part of it. 

LITHOLOGICAL CHARACTERS OF AZOIC1 LAURENTIAN, IIURONIAN1 ETC. 

Before going farther it will be well to summarize the lithological 
characters of the pre-Keweenawan rocks included by the various writers 
under the terms applied to the different series in different districts, 
although to a certain extent this will repeat the preceding paragraphs. 
It is here much less easy to make definite statements than in the case of 
the Jake SupeTior sandstolle and Keweenawan. 

Azoic, as used by Foster and Whitney and those who followed these 
authors, was made to include everytbing below the Keweenawan, with 
the exception of the rocks which are plainly igneous. It covered con
glomerates, quartzites, slates and marble, as well as the gneisses, 
mica-schists, hornblende-schists, etc.; that is, rocks which vary in 
their character from those which are plainly elastic, as cm1glomcrates, 
to those which are completely crystalline. The granites, syenites, 
greenstones, greenstone slates, iron ore, jasper, etc., were regarded as 
igneous rocks, in part contemporaneous with and in part nmrer than 
the rocks of the Azoic system, all of which wme supposed to be of 
detlital oTigin, but in age eal'lier than the Keweenawan. 

!Jatucntian, as used by most of the earlier Canadian geologists, covers 
the most of the light colored granites and coarse grained gneisses. 1 t 
was recognized that t.llese roeks are cut by basic eruptives. This usage 
was followed by mn,ny of the American geologists np to the time of 
Brooks, who excluded a large part of the granite and gneiss from the 
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Laurentian, believing tbis part to be of later age and intrusive. Daw
son about the lake of the Woods made the same discrimbmtion . · 
Irving, in his la1er work, differed from those who preceded him in that 
he included in the Laurentian all the thoroughly crystalline scbists, 
with some of the obscure green schist-conglomerat~s; that is, he placed 
as a part of the Laurentian a large group of finely schistose rocks cut 
by granite veins which bad heretofore been taken to be greatly meta
morphosed detrital material and had been placed in the Huronian. He 
also regarded as belonging here many of the fine grained crystalline 
schists of a similar character on the north shore, placed by the earlier 
Canadian geologists with the Huronian. For this Laurentian increased 
in magnitude he used the term Archean. Lawson and the Profs. 
Winchell use the term Laurentian to cover practically the same class 
of rocks as the earlier Oanadlitn geologists, although Lawson differs 
from them in regard to their origin and age. It was early remarked 
by Macfarlane and later by Whittlesey, Brooks and Rominger that the 
Laurentian of lake Superior differs from that system in eastern Canada 
in containing no limestones, quartzites, iron ores, or other rocks of the 
plainly detrital class. Brooks and Chamberlin remark that it is 
doubtful whether the lake Superior Laurentian is the equivalent of the 
eastern Laurentian of Canada. · 

The lake Superior Huronian of the larger number of the Ortnadian 
geologists includes the quartzites, slates, fine grained green schists, 
all of which are sometimes conglomeratic, and the pebbles often dis
torted and metamorphosed. It also includes the mica-schists, llorn
blende-schists and fine grained gneisses bearing calcite, with certain 
ferruginous schists and basic ~tnd acid volcanic products. The attitude 
of the Huronian schists is either vertical or steeply inclined. The Ani
mikie is not included in the Huronian. On the south shore Brooks and 
Pumpelly in their earlier work included in the Huronian all the rocks 
in character like those placed in this system on the north shore, with 
also large areas of rocks the clastic character of whicll is evi<lent, such 
as limestones, ferruginous beds, slates, graywackes, etc., which while 
always tilted or gently folded have not the schistose structure of the 
Huronian of the north shore, but rather resemble the Animikie. Later, 
Brooks placed as the upper member of the Huronian large areas of 
gneiss and granite which. bad earlier been regarded as Laurentian. 
Rominger went a step farther and recognized in llis published report 
on the south shore the Huronian only, seeing as he did that a part of 
the granite-gnejss certainly cuts a portion of the schistose rocks which 
had been regarded as Huronian. He thus included in the Huronian 
the granite-gneisses which are equivalent to Lawson's Laurentian, anu 
reverted to the position of Foster and Whitney, making his Huronian 
the equivalent of their Azojc, one indivisible system. In Rominger's 
later unpublislled manuscript he, however, distinctly recognizes besides 
a later intrusive granite an earlier granite-gneiss upon w bich the lowest 
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detrital beds were deposited, although he nowhere states whether this 
is considered Laurentian or not. Irving excludes from the Huronian 
ou the south shore large areas of green crystalline hornblende schists, 
chlorite-schists and green schist-conglomerates cut by granite veins 
heretofore called Huronian; that is, he incluued iu the Huronian only 
those detrital rocks the clastic character of which is apparent or wbid1 
can be traced into the clastic rocks, such as the quartzites, limestones, 
ferruginous beds, argillaceous slates, the metamorphic mica-sehist~, 
etc. In his Huronian he included the .Animikie on the north shore, 
plaecd above the Huronian by the Canadian geolgists. 

Lawson abandons the term Huronian and divides the schistose rocks 
included under this term by the earlier Canadian geologists into two se
ries the- Coutchiching and Keewatin. The Coutchicbing includes the 
lowest rocks in contact with the Laurentian gneisses and granites and 
comprises mica-schists and fine grained, evenly laminated gneisse~:;; that 
is, thoroughly crystalline finely laminated rocks. The Keewatin includes 
fine grained green schists, both basic and adclic, with volcanic tuffs, ag
glomerates, peculiar altereu conglomerates with intersecting eruptives, 
and jaspery iron ore beds. It does not include the unaltered slates, 
graywackes and ferruginous beds of the .Animikie. The position of the 
Profs. Winchell is practically the same as that of Lawson, except that 
instead of using Coutcldching, Vermilion is used, and both the Kee
watin and Coutchiching are held. to be inferior to all of the Huronian. 

The .Animikie includes the unaltered, or little altered, gently inclined 
or folded slates, graywacl{es, and ferruginous beds on the north shore 
and in northeastern Minnesota. 

Belonging to the series designated by the foregoing terms are recog
nized by all writers interbedded and cutting basic and acid ernptives 
of various sorts, only in the .Anirnikie and in the Huronian of Irving the 
acid eruptives are insignificant in amount. Many of the fine grained 
green schists, with some exceptions, in early clays regarded as much 
metamorphosed sedimentary Huronian rocks, are now considered by all to 
be much altered eruptives, either of surface or deep-seated origin, their 
present structure being due to secondary causes. That acid eruptive 
material should be found plentifully cutting the clastics series is not at 
all surprising. .Acid eruptions were abun9-ant and widesprea~ iu the 
lake Superior region as late as Keweenawan time, as is attested by the 
original acid rocks of the copper-bearing series, and stillmore emphat
ically by the vast amount of debris from felsites, quartz-porphyries, etc., 
found in the interlaminated detrital beds. That so few acid <likes are 
found in the upper Huronian of the south shore can be explained only 
by the fact that the acid eruptives of the Keweenawan are mostly re
mote from the Marquette, Menominee, and Penokee series. .A closer 
study in the future. will probably show in these districts a greater 
abundance of acid eruptives than has been supposed. The deep-seated 
pipes and bosses formed by the eruptions of the Keweenawan felsites 
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and porphyries perhaps crystallized in the form of granite. It may 
well be that large masses of intrusive. granite may be of Keneewanan 
or Animikie age. Even if this were the case and there are two epochs 
of granitic eruptives later than the upper Huronian clastics, this would 
be no evidence of the absence of an ancient floor composed mainly of 
granite-gneiss upon which the oldest Huronian bas been deposited. 

ORIGIN OF THE IRON ORES. 

Before taking up the correlation of the pre-Keweenawan Jake Supe
rior series, one further point remains to be considered, whether the iron 
ores and associated rocks are eruptive or are sedimentary, for upon 
this point depends the correctness of many structural determinations. 
If, as believed by Wadsworth and Foster and Whitney, the iron ore is 
partly igneous, and by the first named that a part of the jasper bas the 
same genesis, they may occur at any horizon up to that of their eruption 
and can not be used as guides in working out the structure. Those who 
believe the iron-bearing formations are sedimentary have regarded them 
as persistent members, and the striking and peculiar lithological charac
ters, of these belts have furnished key horizons to which to refer t.he 
associated clastics. 

Foster and Whitney saw that the masses of iron ore and jasper have 
none of the characteristics of vein deposits, and believed that the sup
position that they resulted from the decomposition of pyrites or the 
metamorphism of bog ore is wholly inadequate to account for the 
accumulation of such vast masses as occur, or to explain the relations 
to the associated rocks. If not of this origin, they could only conceive 
that they are igneous. The frequent association of the ore with erup
tives and the fine banding led to the conclusion that these facts can 
ha.rdly be explained except by igneous action. These writers saw, 
however, that when the ore is fow1d in beds in clearly metamorphic 
strata having a common bearing and inclination they must be sedimen
tary, and such deposits are regarded as having been derived from the 
destruction of pre-viously formed igneous masses and their present 
association to have resulted from aqueous deposition, so that e-ven in 
this case the iron has an igneous source. At the present time few 
would assert that the iron _ ores are -vein deposits, or the result of 
decomposition of pyrites, or the metamorphism of bog ores; but there 
are other explanations overlooked by Foster and Whitney which may 
apply before being driven to the igneous hypothesis. 

The reasons given by Foster and Whitney for an igneous origin of 
the ore-bearing formations are of a negati-ve character, and the only 
case in which positi-ve e-vidence is gi-ven the rocks are recognized as 
detrital. But Wadsworth brings forward positive e-vidence as to the 
origin of the ores. Many-instances are cited showing the way in which 
the jasper and ore ha-ve erupti-ve contacts with the associated schists. 
The facts, however, indicate the eruptive character of the ore and jas-
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per only if the schists are of sedimentary origin. The investigations 
of Irving, Williams, and the Profs. Winchell, as well as our owu later 
work, have shown that the lower Vermilion and lower Marquette iron
bearing members contain many schistose dikes, and also that in·maJ)Y 
cases the massive greenstone knobs found in these districts vary by 
imperceptible stages iuto the fiuely laminated schists associated with 
tlLe iron ore and jasper. The schists are, then, in part at leaRt, of erup
tive origin. Brooks noted the dike-lik~ character of certaiu magnesian 
schists a~sociated with the ore formation, between which and the dio
ritic schists, believed to be of sedimentary origin, it \.Yas said to be 
impossible to draw the line. That these well laminated schists slwu1d 
not at first be regarded as eruptive is natural, but the variation of 
massive igneous_ rocks into those which are well laminated as a Tesult 
of dynamic action and metasomatic changes is now so well known that 
new cases of it excite no surprise. I would by no means assert that 
all of the schistose rocks associated with the iron ores and jaspers in 
the Marquette and Vermilion districts are of eruptive origiu, l>ut this 
is certainly the case at many localities. This view reverses Wads
worth's and makes his sedimentary rocks eruptive and his eruptives 
sedimentary. It will, however, be seen that this position harmonizes 
Irving's conclusion as to the sedimentary origin of the ores and jaspers 
and the point upon which Wadsworth places most emphasis, that there 
are eruptive contacts between these rocks and the associated schists. 

It is to be noted that the eruptive theory has been applied only to the 
Marquette and Vermilion jasper and ore. No one has asserted such an 

\ 
origin for the iron-bearing horizon of the Penokee and .A..nimikie series. 
This is an independent question, as will be seen by what follows; for 
these formations probably occupy a higher position than the lower Mar
quette and lower Vermilion ores. We have, then, to answer two ques
tions: "What is the origin of the iron-ore formations of the Penokee, 
.A..nimikie, and equivalent iron-bearing formations'?" and, secoud~ "vVhat 
is the origin of the great masses of ore and jasper of somewhat irregu
lar shape, apparently not continuous formations, although probably at 
rather persistent horizons, in the Lower Vermilion, Lower ~I:.trquette, 
Kaministiquia, and similar areas~" 

Upon the first of these questions there is practically no dispute. The 
iron-ore formation in the Penokee district has been found to extend for 
many miles as a simple belt of very uniform thickness between two read
ily recognized detrital formations, all with a commou strike and dip 
varying within very narrow limits. .A.. precisely similar conditiou of 
affairs is found in the .A..nimikie district. These formations have been 
shown by later work to have been originally altogether what they still 
are largely, thinly laminated impure cherty carbonates of iron, in every 
way analogous to similar earthy carbonates of later geological periods, 
The other forms of material now associated with them, such as jasper, 
actinolitic and magnetitic schists, ore bodies, etc., are the consequence 
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of subsequent changes. The ore bodies, for instance, are secondary 
concentrations, generally in troughs, due to the action of percolating 
water. The same facts are apparent as to the Upper Marquette and 
Upper JYienominee ores and jaspers. 

In the case of the iron formations of the Lower Marquette, Lower 
Vermilion, a11d Rlmilar districts the question can not be so decisively 
answered. The Lower Marquette iron-bearing formation is generally, 
if not always, the uppermost member found in the lower series, when ero
sion bas not carried it away, and therefore apparently occupies a definite 
horizon, although as the struetnre of thi s district has not been worked 
out in detail this can not be positively asserted. In the Vermilion lake 
district the great masses of ore and jasper of immense thickness seem 
to extend only for a short distance along the strike of the rocksJ then 
disappear and reappear at intervals to the northeastward at Long lake, 
at Hunter's island, and other points, probably also north of Port Arthur 
in the Kaministiquia district. This lack of persistence may be clue to 
the fact that the fold or folds are not horizontal, but have a varying pitch. 
Theoreformationattheswellsofthepitcbingfoldsmayhavebeenremoved 
by erosio11. While it is not proved, it is probable that the ore forma
tion is at a definite horizon, since the different outcrops appear to be in 
the same part of the series an<l along the same general line of strike 
for coDsiderable distances. These ore and jasper formations contain 
abundant iron carbonate, are interlaminated with graphitic scl1ists con
taii1ing iron carbonate, the graphite of which is so abundant and widely 
disseminated in minute particles that it can hardly be believed to be 
other than of organic orjgin, and from these forms there are gradations 
to the other forms of rock found in the iron-bearing formation. Tn the 
deeper workings of some of the larger mines of the Marquette and lYle
nominee districts, the ore bears much residual carbonate of iron and 
also carbonates of calcium and magnesium. At Iron .Mountain and 
l\fetropolitan the iron formation grades downward .by insensible de
grees into the limestone. All of these points, and the remarkable 1ith
ologicallikenesses between the phases of rocks found at these horizons 
and those occurring in the hon formations of the Penokee and Animikie, 
demon strably of detrital origin, are cited as evidence that these ores 
are derived from an origiually impure cherty carbonate of iron. A 
study of the Vermilion iron formation by N.H. and H. V. Wiuchell 
has led them to the conclusion that it is of direct chemical detrital 
origin rather than derived from an impure cherty carbonate. Which 
of these views is the correct one does not concern the present question, 
for if the ore-bearing formation is detrital it may be used for the pur
pose~ of stratigraphy. \tV e thus have in favor of an origin for thes-e 
lower ore formations similar to those of the Peuokee and Animikie a 
large amount of positive evidence, while the only adverse positive facts 
are those cited by Wads worth, and these, as has already been said, may 
be brought into accordance with the sedimentary theory by eonsider-
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iug the schistose rocks having eruptive contacts with the ores and jas
pers as the intrusives, which in many cases they demonstrably are. In 
his most recent paper Wadsworth himself suggests that the supposed 
eruptive jasper and ore may be ''truly fragmental, their present rela
tions being due to sedimentary and chemical action and the squeezing 
together of the jaspilite and schist." 

It was suggested by Brooks that the ore deposits of the New Eng
land-Saginaw range and of the lake Superior mine in the Marquette 
district are secondary concentrations due to the removal of silica and 
the deposition of iron oxide. The same position was taken by Rominger 
for the entire Marquette district. Later I have shown that it is a general 
truth for the lake Superior region that the iron ore depoElits are second
ary concentrations, produced by downward percolating waters along 
the paths of great water channels, and particularly at places where the 
waters are converged by tiltea impervionR basement formations. 

THE BASIC ERUPTIVES AND STRATIGRAPHY. 

At one other point the problem of lake Superior strn.tigraphy has 
been made more difficult by certain of the geologists than was neces
sary. The diabases, diorites, and gabbros were by several writers in 
early days regarded as metamorphic sedimentary rocks. Logan, Mur
ray, and Foster and Whitney are notable exceptions. Partly as a con
sequence of this fact came the minute subdivision of the ,..Marquette, 
Menominee, Penokee, and other series. All now reg-arrling these rocks 
as intrusives, the facts that they are often in boss-like masses, and when 
interleaved do not necessarily continue for any considerable dh;tance, 
present no difficulty; while a great formation like the Upper Slate of 
the Penokee and Marquette districts is left as a whole rather than di
vided into a . number of members separated by layers of greenstone. 
Also it is now known that the " dioritic schists" are an dent eruptives, 
in part contemporaneous and interbedded with .tl1e seflimcutary rock1-1. 
The volcanic character of these rocks was suggested by Foster and 
Whitney, and their igneous origin was appreciated by Hominger. Later 
investigations by Wads worth and Williams, with the microscope, lead 
to the same conclusion. • 

The intrusions of the diabases, gabbros, and diorites, as suggested by 
Rominger, Wadsworth, and Merriam, have oftentimes had an important 
influence upon the structure of the sedimentary beds, although Rom
inger holds that the folding is primarily due to the intrusive granite. 
Strong and Rominger also suggested, in the ::5t. Louis river district, 
that the eruptives were the pipes which furnished the outflows of Ke
weenawan time. This idea is not only plausible for this district, but 
is probably true for the entire lake Superior region. A closer study will 
probably demonstrate that the fresher ·eruptives in both the upper and 
lower Huronian, including the great intrusive beds of the Animikie, are 
really Keweenawan in age. Also the numerous dikes of like character 
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cutting the fundamental complex doubtless represent in other series 
the same manifestation of igneous activity. 

UNCONFORMITY AT BASE OF CLASTIC SERIES. 

In attempting to determine how far the different views held as to lake 
Superior stratigraphy are really in harmony, it is desirable to have, if 
possible, as starting planes upper and lower horizons. From the pre
ceding pages it is evident that for the first of these we have the base 
of the Keweenawan. Nearly all are agreed that below this series is a 
break more or less considerable, and all are agreed that it is a recog
nizable plane. It appears to the writer that the evidence shows the 

. existence of another general plane for the iake Superior region at 
the horizon elsewhere defiBed as Reriarating the Archean from the 
Algonkian-that is, the plane between the basement granite-gneiss
schist complex and the overlying clastic series with their equivalent 
crystallines. The failure generally to recognize this plane is due to the 
fact that the banded and contorted gneiss, which is the most prominent 
rock of the basal complex, does not differ greatly in lithological char
acter fi·om areas of later granite-gneiss which hav~ intruded the clas
tics. This later granite-gneiss is, however, usually somewhat nearer 
the normal form of an eruptive rock, not having suffered so many vids
situdes in its briefer history. Those whose attention has been mainly 
directed to the contact phenomena of the intrusive granite-gneisses 
have generally refuse<l to believe in an earlier granite-gneiss, although 
recognizing, at least in some cases, that the lowest detrital rocks bear 
numerous fragments of a granite-gneiss. On the other hand, thm;e 
whose attention has been directed to the unconformities, as indicated. 
by basal contacts and other phenomena between the ba,sal complex and 
the clastic series, have sometimes been disinclined to b~lieve in the 
existence of important areas of granite-gneiss whieh are iHtrnsives later 
than the clastic series. Generally, in the districts which have been 
studied by individual writers the phenomena of the one clat:ls are con
spicuous while those of the other class are unimportant or perhaps 
lacking altogether. Naturally this bas engendered an inclination in 
each observer to conclude that the relations ·which have strongly im
pressed him are true of the entire lake Superior region. 

Bell and Selwyn find no evidence of discordance between tlH~ir Lau
rentian aml Huronian. Bell, in 1873, s~:-tys the distinction between t1te 
Laurentian and Huronian is chiefly of a lithological character, while 
Selwyn, in 1883, states that he can give no better reason for supposing 
that certain sets of beds belong to the Laurentian and others to the 
Huronian than a considerable difference in lithological character, the 
former being essentially granitoid, gneissic, and feldspathic, while the 
latter is quartzose, hornblendic, schistose, al).d slaty. 

There is, however, much evidence that the plane between the Algon
kian and Archean is definitely fixed over much of the lake Supenor 
region by a great unconformity. 
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That below the Cherty Limestone of the Penokee series there is a 
great physical break would, in the face of the evidence at present 
known, be hardly doubted by anyone. The cherty limestone, forming 
a single line of outcrops, although not continuous, now rm;ts upon 
granite, now upon gneiss, now urJOn the green crystalline schists. 
The granite is definitely known to be later than the schistR beca nse it 
intricately intrudes them, but it never intersects the cherty limestone. 
This basement is clearly a complex upon which the limestone has 
been deposited. 

Turning now to the Marquette district: Unconformable contacts 
have been found at many localities, but here the clastic series are 
folded, and certain of the contacts between the clastics and crysta 1Iine 
complex, by overlapping, are below upper members of the clastic series 
rather than truly basal contacts. Of the two localities cited by Brooks 
for the unconformity between the IIuronhin and Ijaurentian, that at 
Republic mountain is clearly between the lower part of the Mar<]_nette 
series and the granite-gneiss-schist complex, while that at Plumbago 
creek, in the L'Anse dh;trict, is certainly below a high horizon. Of the 
many localities cited by Rominger and Irving in which there are con
tacts between the granite-gneist:;-schist complex and the overlying clas
tics, if Brooks's succession be accepted, several belong well down 
in, if not actually at, the base of the Marquette series. At these 
contacts the clastics are generally conglomerates, built up chiefly 
of the debris of the underlying rocks, and oftentimes so thoronghly 
cemented as closely to resemble them and to lead to the eonclusion, if 
not carefully examined, that there is a real transition between tlle 
clastic and crystalline rocks. As already indicated, this was at :fir;;.;b 
Rominger's opinion, and the appa,reut transition was taken to indicate 
a gradual metamorphism from the conglomerates to the granite or 
schists as the case might be. But Rominger's later studies led him to 
see, as did also Irving, that these basal couglomerates are recomposed 
rocks resting upon an e<trlier formed crystalline and often granitic base. 
In the Menomiuce district Brooks, Rominger, and Irving all hold that 
contacts are found between very low, or the lowest members of the 
clastic series and the granite-gneiss complex, the relations being those 
of profound unconformity. The actual contact described by Smyth 
(too late to summarize in the literature) between the lowest formation 
.of the lower Marquette and the granite-gneiss at Republic ~ountain 
is the clearest case on the south shore. Here is a basal conglomerate 
containing numerous water-worn bowlders and pebbles of granite, rest
ing directly upon the granite from which the fragments are deTived. 

As shown by Irving, tbe magnitude of the break in the Penokee, 
Marquette, and Menominee districts is not lessened whether the under
lyjng schist, gneiss, and granite are jgneous or sedimentary, for they 
had N•achecl their present crystalline condition before the overlying 
rocks were depostt~d upou them, a condition which a part or all 
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could not have bad as surface rocks; and which shows, whether Igne
ous or aqueous, profound induced structures and deep erosion, and 
therefore a system of rocks which bad an intricate history before the 
clastics were deposited. In this connection the physical break at the 
base of the Animikie and its equivalents is not eited, becam~e this 
series occupies a higher position than the series overlying the break 
just considered. 

As further evidence for a great physical break between the base
ment complex and the lowest overlying clastics are cited by Brook A an rl 
Irving (1) the strong contrast in the lithological characters of the two, 
the fundamental complex being thoroughly cryRtalline, while the over
lying rocks are ~ainly plainly detrital, or such as may have been 
derived from detritals; (2) the fact that the complex is cut by very 
numerous granite dikes, which are but rarely found in the clastics ; 
aud (3) their general fleld relations, the complex having most ob
scure Rtructnres and very great variability in strike and tip, while 
the cla.stics are less. intricately folded, showing that the older series 
has been subjected to orographic movements prior to the newer. 

As before stated, Brooks, Hominger, <11}(1 Irving-the three wlw h:we 
done the most detailed and continuous work on the south shore-had 
at the outset different opinions as to the relations of the clastics to a 
b:menwnt granite-g11eis :;;; , bnt they all came to the same final conclu
sion, tl:at between the two is a great structural brea,k. Pnm11elly and 
Chamberlin, who have also done much general work in tlli~ rrgioll, 
agree with this conclusion. Wllile tllis is true, all of these writerB do 
not agree in every district as to the position at which this plane is 
found. 

Whether the physkal break \Yhich exists below the clastic series 
on the south shore is paralleled by a widespread nnronformity on the 
uortli shore is less certain, although such an unconformity is fonnd 
loeally. Lawson, who has done the most work in this region, maintai11s 
t~lmt between the Keewatin and Coutchiching a profound physical 
eha,nge took place in the conditions of deposition, consequent upoH 
which are great di:ffere11ces in lithologieal characters and a prevalent 
more crystalline condition in the inferior series. He also describes 
conglomerates in two places at the base of the Keewatin which bear 
both granitic fragments and fragments from the Coutchiching. From 
these faets Lawson believes that there is a real unconformity he
tween the two series, although at the present time they have been so 
squeezed together and secondary structures formed as to be usually 
in apparent conformity, and the separation in mapping is ba:sed for 
the most part upon lithological grounds. · Lawson, however, believes 
that the Coutchiching is a bedded sedimentary series, rather than a 
part of the basal complex, as here defin~d . If this be true, this uncon
formity does not bear on the question under discussion. 

Pumt)elly and Smyth, who lu)jye recently made a rather ~xtend~d ~ri~ 
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in western Ontario, acquiesce in Lawson's conclusion in so far as the 
unconfo:l.mity is concerned, but differ from Lawson in that they find a 
great structural discordance between the basal clastic serred east of 
Rainy lake and a fundamental complex consisting of granite, gneiss, 
and schist, while :finding the superinduced foliation of lwth series 
parallel. 

In Minnesota the Profs. Winchell, although recogniziug the phllle 
between the clastics and crystallines as a boundary between two groups 
of roeks, maintain conformity and gradations, although Alexandpr 
Winchell suggests that it is a possibility that the apparent couformity 
is superinduced by subsequent dynamic action. 

The probability of an unconformity here fo11ows from the Hame line 
of reasoning as that applied to the lake of the "\Voods and Hainy lake 
districts, and is further indicated by the descriptions of conglomerates 
at Saganaga and JJpsilon lakes in northeastern Minnesota by Alex. 
Winchell. In the published note-books these conglomerates are 
described and figured as sharply separated from the underlying syenHe 
and containing rounded pebbles of it, although it is said the conglom
erates were not laid down on the solidified syenite. Later these occur
rences are interpreted to mean that the syenite and gneiss are of sedi
mentary origin, being completely metamorphosed. However, I am not 
sure that I understand the descriptions well enough to be certain that 
these so called conglomerates are not really due to the intrusion of the 
later irruptive syenite, as was suggested by Winchell himself. In the 
earlier work on the north shore of lake Snpedor clone by Bell, no dis
tinction was made between the fine grained clastics and the crysta1li11e 
schistose rocks, although it is not improbable that closer work will make 
it possible to extend the structural subdivisions of Pnmpelly and Smyth. 
Macfarlane noted that the squeezed Huronian slate-conglomerates fre
quently contain granite fragments, although he did not consider them 
to be of sedimentary origin. Herrick found in his schistose group on 
Michipicoten bay basement conglomerates, the pebbles of which. are like 
the granite below, although the relations between the granite and 
schists are such as to suggest to him that the granite had been intrudecl 
beneath the schist. Dawson (Sir William), Logan, and Bell all meutjou 
granite and gneiss fragments jn the Original Huronian east of lake 
Superior, and Logan clearly believed the two to be unconformabfe. 
Irving found additional evidence in favor of this unconformity. He cent 
work of Pumpelly and myself has shown that the lowest member of 
the Original Huronian, as mapped by l.;ogan, rests with a great uncon
formity upon the basement complex, the Laurentian of Logan. Selwyn, 
although thinking the Huronian and Laurentian couformable, states 
that Laurentian pebbles occur in the Huronian. 

As shown in another place, the gradation described by the Profs. 
Winchell in northeastern Minnesota, and which appears to occur in 
other places, is wholly consistent with a real structural break between 
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the basal complex and the clastics. When a clastic series grades down 
into a crystalline one, this may be caused by progressive metamorphism

1 

by contact action of a subsequent intrusive, or by later folding, which 
destroys the original bedding of both series and produces a common 
secondary structure, at the same time causing the newer series to assume 
a crystalline character. Such induced conformity and transition are the 
more likely to occur when the materials of the newer series are chiefl.y 
derived fi'om the older, and, as shown by Pumpelly, will be particularly 
likely to be perfect when the earlier series has suffered atmospheric dis
integration before the deposition of the later. Future study may show 
still other causes of gradations between unconformable series. 

Evidently north and east of lake Superior we are not without posi
tive evidence that a great physical break occurs at certain points 
between an ancient granite-gneiss-schist complex and the clastic series, 
which, however, are often cut by recent intrusive granite-gneisses. Also 
at many localities in which an unconformity has not been positively 
shown the evidence at hand points in this direction. When the condi
tions are considered which are necessary to produce an unconformity 
it is difficult to see how one can really be of a local nature. Thus while 
it can not be asserted that a universal structural break north and east 
of lake Superior exists between the .Algonkian and .Archean, there is 
a probability that such is the case. 

The foregoing evidence combined gives a strong case of probability 
for a general structural break in the lake Superior region between the 
lowest cLlstic series and a basement crystalline complex. However, it 
can not be denied that certain of the contacts, cited as showing this un
conformity, although unquestionably beneath the lowest clastic series 
for particular districts, may be at higher stratigraphical positions than 
the base of the lowest clastic series of the whole lake Superior region. 
Before the question of a break at this position can be considered as set
tled beyond all question for the entire lake Superior region much 
more detailed mapping must be done. However, the existence of this 
break for many districts is so strongly supported, that it gives for the 
present the best .available guidance as to one fixed horizon for compar
isons of the rock series of the different districts. The recognition of this 
b~eak does not imply that the lowest clastic series at certain localities 
are not penetrated by, and now rest upon, intrusive granHe-gneiss, but 
in such cases the evidence of this break, if it once existed, has been de
stroyed. 

We have, then, for structural work two starting planes, the base of the 
Keweenawan and the base of the elastics, included between which are 
the larger part of the series of rocks placed in the Huronian by the 
earlier Canadian geologists, the.A.nimikie, Lawson's Keewatin the Profs. 
Winchell's Keewatin and .A.nimikie, Irving's Huronian, and perhaps in 
part the Profs. Winchells~ Vermilion and Lawson's Coutchiching. 
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UNCONFORMITY WITHIN CLASTIC SERIES, 

It is belie~;ed that many of the further difficulties as to correlation in 
the districts about lake Superior have arisen from the failure to recog
nize a third physical break which has a very wide, if not universal, 
extent in this region. The early Canadian geologists found a break at 
the base of the Animikie, and while this series was first placed with 
the Huronian, the fact that unconformably below it was another series 
which also resembled the Huronian led the later Canadian geologists 
to exclude the entire Animikie from the Huronian, and they have thus 
restricted the term in this district to the pre-Animikie Huronian rocks. 
The Michigan and Wisconsin geologists include in the Huronian the 
equivalents of both the Animikie and pre-Animikie Huronian, and while 
facts were clearly contained in their reports pointing to a discordance 
within the rock.s referred to the Huronian no attempt was made to 
carry these facts to their conclusion and to subdivide the series. But as 
early as 1883 Irving saw that there is a series of green schists and 
schist-conglomerates which must rest discordantly below other rocks 
recognized as Huronian, as shown by their attitude and degree of crys
tallization, as well as by the fa,ct that they had yielded fragments to 

. the newer formations. As a consequence of this he was led to exclude 
from the Huronian these lower schists, which had before been every
where accepted as Hurouian. Lawson, in 1886, saw that his Keewatin 
series is fundamentally different from parts of the original Huronian, 
and especially from the Auimikie series, and was led to refer it to the 
Huronhtn series only doubtfully; at the same time he saw that the 
Keewatin is like the Dore river series at the ea~t end of lake Superior, 
and suggested that possibly Logan and Murray had placed in the 
Huronian two discordant series. Alexander Winchell, in his last 
paper, which appeared almost simultaneously with his death, annouuced 
definitely that two series had been confounded in the Huronian. 

We will now consider the evidence for a physical break within the 
rocks which have generally been referred to the Huronian. 

Evidence of this break in the :Niarquette district was first noticed by 
Foster and by Foster and Whitney, who found over the ore horizon at 
what has since become the Republic mine, and one or two other locali
ties, a conglomerate bearing fragments of the ore, jasper, and other rocks 
associated with the iron ore. It was n~xt noted by Kimball, who 
mentions beds of specular conglomerate. Credner describes, over the 
iron formation at Michigamme mine, a . conglomerate, the fragments 
of jasper and quartz being in an iron and quartz base. Brooks 
describes the upper quartzite of Republic mountain and that at the 
New England mine as a conglomerate containing fragments of ore. 
By Rominger the break was noticed at so many places that he re
marked that above the iron-bearing rock is generally a very coarse 
quartzite-conglomerate which often has the character of a coarse-
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grained fErruginous quartzite, the fragments of which are chiefly ore, 
jasper and quartz. This occurrence is so general as to suggest +;o this 
author that great disturbances not of a local extent must have occurred 
at the end of the era of iron sediments. Wadsworth says that these 
e.onglomerates mark old water-worn beaches after the jasper and ore 
were in situ in nearly their present condition. Believing in the eruptive 
origin of these rocks, -wads worth did not regard the conglomerates as 
evidence of the existence of more than a single series. Recently this 
author has changed his opinion in this particular. Irving recognized 
the break, and the fragments included in the conglomerate overlying 
the iron belt are said to prove the existence of the j aspery and chalce
donic material in its present condition before the formation of the ~pper 
quartzite. Lately the break was noticed by the Profs. Winchell, and 
N. H. Winchell regarded it as so great that the rocks above the break 
were provisionally referred to the Potsdam. The writer has described 
the break as of universal extent and as representative of a great uncon
formity, for the banded and contortedjasper and ore are found to abut 
perpendicularly against a quartzite bearing abundant fragments of the 
underlying formation, which are in exactly the condition there found. 
The lower series is a semicrystalline, much folded one, while the upper 
series has usually not become crystalline nor closely folded. Before the 
upper series. was deposited the lower series was folded and truncated. 

It is, then, plain that in the Marquette district, within the rocks which 
have heretofore been referred to the Huronian, are two. series. Below 
the break which separates them are the lower quartzite of Brooks, the 
associated novaculite and limestone, and the lower ore-bearing forma
tion, including the hematitic, magnetitic, and actinolitic schists and jas
pers, which contain the larger uumber of great mines. Above the phys
ical break are Brooks's upper quartzite, the base of which is generally 
the conglomerate already described. Over the upper quartzite follow 
the black slates, sometimes carbonaceous, graywackes, and mica-schists, 
together of great thickness, and occupying an area as large as or larger 
than the. Lower Marquette series. In thes~ upper slates, apparently at 
rather persistent horizons, are locally belts of chert and iron carbonate 
associated with ore bodies of considerable size. These ores are, how
ever, of a very different character from those which occur in the low·er ore 
formation. 

In the Menominee district as evidence in favor of a physical break 
within the clastic series are the conglomerates described by Brooks at 
the Pine and Poplar rivers district, and in the Commonwealth section. 
At the first is found conglomeratic quartz-schists, containing micaceous 
iron and magnetite; in the second are included conglomeratic quartz
schists, containing pebbles of white quartz (chert) and jasper. Simi
lar jasper conglomerates have been found by Pumpelly and the writer 
over the ore at certain of the mines. The relations here are, then, ex
actly like those in the Marquette district. Also, the structural break 
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indicated by these conglomerates is supported by Brooks's major di
visions of the Menominee rocks. His inferior Huronian comprises the 
lmver quartzite of great thickness, a great marble formation, and the 
great iron-ore horizon, consisting of magnetitic, hematitic, and jaspery 

· schists, with deposits of iron ore. In this formation are the Norway, 
Quinnesec, Ludington, Chapin mines, etc. Brooks's middle Huronian, 
presumably above the unconformity, includes quartzites, clay-slates, 
and obscure soft schists. Within these soft slates is the upper iron
bearing horizon, including such mines as the Common wealth, those at 
Crystal falls, etc. 

In the Penokee district this unconformity is represented by the basal 
conglomerates of the Quartz-Slate member, ·containing:_numerous frag
ments of chert and a few of jasper, which were in their present condition 
when derived from the Cherty Limestone and Iron-bearing members. 
The lower series is now represented hy the Cherty Limestone member 
alone, while the upper series includes the Quartz-Slate, Iron-bearing, 
and Upper-Slate members. 

That there is a similar unconformity within the clastic series between 
the Lower Vermilion, Hunters island, and Lower Kaministiquia series 
and the conglomerates at these places bearing abundant material 
derived both from the ore-bearing formation and from the green schists, 
is inferred because the water-worn fragments of schist, jasper, and ore 
are in precisely the same condition in the conglomerates that they are 
in their original position. In none of these places have actual contacts 
been described. The unconformity is further indicated in the Vermilion 
lake district by a strongly developed schistose structure in a nearly 
vertical position in the Lower Vermilion ~:;erics, whHe the overlying con
glomerates at places on the islands of Vermilion lake are found to be 
gently folded. 

The work of the Profs. Winchell also gives evidence of this uncon
formity. N. H. Winchell, in tracing the flat-lying Animikie series to 
the westward from Gunflint lake, finds that it becomes more steeply hl
clined and takes on, at times, a slaty cleavage. It is traced as far as 
Agamok lake, near the great Ogishki conglomerate, and the latter is 
consequently placed with the Animikie. 'ro these statements Alexander 
Winchell. agrees so far as to Agamok lake, but places the Ogishki con-

• glomerate as a part of the Lower Vermilion series, for he traces this con
glomerate all the way to Vermilion lake and he recognizes no brea,k be
tween the Vermilion lake conglomerate and the Lower Vermilion. Tak
ing the positive evidence given by Profs. Wiuchell and disregarding 
their partial conclusions, it would seem to indicate that there is a gra
dation and actual continuity between the flat-lying Animikie and the 
eonglomerates with a vertical superinduced structure at Ogisb ki and 
Vermilion lakes. That between the Animikie and the Lower Vermilion 
there ·js a great physical break is now denied by no one, and if the fore
going reasoning is true, it shows that this break is a continuation of 
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the one between the Lower Vermilion and the Upper Vermilion which 
tears fragments of the lower series. The only publi~hed detailed suc
cession of the Vermilion series is that by Willis. His ehloritic schists 
and jasper (I, n, and III) belong in the lower series, while l1is con
glomerate and black clay-slate (v and vn) belong in the upper series. 
The position of the magnetitic quartzite (IV) is uncertain, while the 
quartz-diorite (VI) is probably an eruptive rock. 

It has been long well known that near Port Arthur, Ontario, the 
.Animikie and underlying Kaministiquia series are unconformable. 
:1\-IcKellar, who for many years has been fa1niliar with this district, has 
proved this conclusively. The rock series here unconformably uuderlyiu_g 
the .Animikie are identical with the Vermilion lake iron-bearing series. 
Considering the foregoing evidence and the complete likeness ofthis 
lower series with that bearing iron at Vermilion lake, it can no longer 
be doubted that there is a great physical break between the .Animikie 
and Lower Vermilion series in northeastern Minnesota, although the 
equivalenceofth~Animikieand Upper Vermilionmayyetbe maintained. 

In the last few years the difference of opinion has been sharp as to 
the equivalence or nonequivalence of the Animikie with the Vermilion 
lake an<l equivalent iron-bearing series. Irving has maintained that 
the Animikie series in its lithological character is like the Penokee and 
Marquette, these like the Vermilion, and therefore the Animikie in all 
probability the equivalent of Penokee, Marquette, and Vermilion. 
Alex. vViucbell, having visited the Lower Marquette series and seeing 
but little of the ground in which the Upper Marquette is found, alHl 
consequently not appreciating that in area and in volume this series 
probably surpasses the Lower Marquette, has maintained that the Mar
quette rocks are the equivalent of the Vermilion lake iron-bearing se
ries, but that the Animikie series is separated from that at Vermilion 
lake by a, great unconformity. He, however, appreciated that in the 
Marquette district are certain slates _which in lithological character are 
like, and might be equivalent to, the .Animikie. Both Irving's aud 

· Winchell's positions probably have an element of truth and an element 
of error. The Upper Marquette, Upper Vermilion, Upper Hunter's 
island (Ogishki), in their lithological characters and gentle folding, are 
closely analogous to the .Animikie, and, as maintained by Irying, are 
its probable equivalent; while the Lower Marquette and Lower Ver
milion lake, as maintained by Alex. Winchell, unconformably underlie 
the Animikie. The physical break within the clastic series in the 
Marquette, Vermilion, Hunters island, and Kaministiquia districts is, 
then, provisionally identified with the great physical break recognized 
by everyone at the base of the Animikie. 

It is only fair to say that Lawson considers the unconformity at the 
base of the Animikie at a higher horizon than the physical break de
scribed in these various districts. Be regards the Animikie series as 
separated by another great unconformity from the Upper Marquette, 
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Upper Vermilion, Upper Kaministiquia,, etc. To the writer there seem 
grave difficulties, based on general relations, in the way of accepting 
this conclusion. On the other hand, the Upper Kaministiquia conglom
erates, not far distant from the ordinary phases of tbe Animikie rocks, 
have a decidedly different appearance. This may, however, be due to 
the fact that certain of these conglomerates are of volcanic origin, tl1e 
chert and jasper of which appear to have been broken from their beds 
by volcanic action and mingled with lava and volcanic ash. This sudden 
change in the character of the beds of the same age is parallelized in tile 
Penokee district, where the strata, withinadistanceofa few miles, rapidly 
change in character, become immensely thick, and are largely in the 
nature of agglomerates, greenstone conglomerates, etc. But it must be 
said that such detailed mapping has not been done adjacent to the 
National boundary of northeastern Minnesota and Ontario and in the 
Thunder lJay district as will warrant any positive statement as to 
whether within the clastic series, between the base of the Keweenawan 
and the Basement Complex, there is another higher physical break, 
making two unconformities which separate the rocks into three series. 

The ore, chert and jasper cong-lomerates used as evidence of physical 
breaks witllin the clastic series are not to be confounded with the 
purely volcanic conglomerates which may occur at any horizon. Also 
the occurrence of these conglomerates will have no such meaning as here 
assigned by those who believe that the ore, chert and jasper in their 
preseut condition are igneous rocks. To such they will be no more evi
dence of two series than that the Keweenawan conglomerates, the fi·ag
ments of which are derived from contemporaneous traps, are evidence 
of many series. But to those who think the evidence is sufficient for 
the belief that the ore, chert and jasper are not only sedimentary rocks, 
but sedimentary rocks which have gone through a long and complex 
history, the evidence of a physical break furnished by these conglomer-
ates will be satisfactory. -

CORRELATION; GENERAL CONSIDERATIONS. 

We pass now to the general correlation of the lake Superior forma
tion lying between the two planes already defined, the base of the 
Keweenawan and the top of the Archean schist-gneiss-granite complex. 

Before it can be decided whether series so far distant from each 
other as the Dakota quartzites and the Original Huronian (separated 
by 800 miles) can be parallelized, it ought to be more definitely settled 
to what extent correlation can be made by unconformities and lithologi
callikenesses. Irving inclined to the belief that such structural breaks 
as that described in the Marquette district are of great extent, and this 
accords with the general trend of modern structural work. From what 
has gone before it appears exceedingly probable that the structural 
break between the Upper and Lower Marquette is identical with that 
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which separates, even in a more pronounced manner, the Animikie and 
Kaministiquia series and the upper and lower Vermilion lake series 
on the other side of the lake Superior basin. The break, being thus so 
strongly marked at points so far separated, would argue that it extends 
over a very considerable area of the lake Superior region, not improb
ably from _ the most distant rock series before mentioned, the Dakota 
quartzites and the Original Huronian of the north shore of lake 
Huron. It would not be expected that a like succession is now recog
nizable in each of the areas para1lelized, even if they aU belong to the 
same geological series. In the first place, the rocks in some districts 
are not sufficiently tilted to make it certain that all of the layers are 
exposed. Further, nine-tenths or more of the surface of the country 
over large areas is heavily covered by the drift, so that it is all but 
certain that some of the formations which exist at the rock surface have 
not been discovered. Still further, no satisfactory explanation has yet 
be_en made of the subordinate succession of formations in the Mar
quette, Felch mountain, Menominee and Vermilion lake districts; so 
it is not yet known how far the order found in one of the districts is 
equivalent with that of an~tber. From recent work it is probable that 
future investigations will show that this likeness is greater in the 
series below correlated than has been suspected. But even supposing 
the disagreements are as great as the present known facts might lead 
one to suppose, it would not be any very strong eviden~e against the 
correlations; for it is not to be expected that the same conditions of 
sedimentation have prevailed at all times in a geological basin 800 
miles in diameter. While in one part of the basin fragmental sedi
ments were accumulating, it would not be very strange if chemical 
sediments or organic sediments were accumulating elBewhere. Below, 
it is seen that the Penokee and Animikie series are the equivalents of 
each other in the broadest sense of the term. It is not necess\lrily true 
that sedimentation began or ended simultaneously in both districts, Lut 
only that in the main they stand as time equivalents. How far a corre
spondence can be made out among the subordinate members of the vari
ous districts can be dete:~tmined only by a detailed investigation of each 
of the areas. 

EQUIVALENTS OF THE ORIGINAL HURONIAN SEHillS, 

Passing now to the Original Huronian, shall this series be corre
lated with the Upper or Lower Marquette, or is it the equivalent of 
both~ 

Alex. Winchell lately announced that the Lower Slate conglomer
ate and the underlying formations of the Original Huronian are sepa
rated from the Upper Slate conglomerate and the overlying formations 
by an unconformity. No contacts are described, the conclusion being 
based upon general relations. No characteristic debris of the Lower 
Hurouian is said to occur in the Upper Huronian. The locality at which 
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the strongest evidence is brought forward is on the outskirts of the 
Original Huronian, and a part of the formation which Logan and Mur
ray have mapped as Lower Slate conglomerate h; placed by Winchell as 
Upper Slate conglomerate. The observations of Pnmpelly and myself 
at a contact between the limestone formation and the Upper Slate con
glomerate tend to confirm Winchell's conclusion, but since limestone 
fragments are plentiful in the Upper Slate conglomerate, we place the 
physical break just ~bove this lower limestone, i. e., 300 feet higher 
than indicated by Winchell. 

The term Original Huronian as here used is strictly confined to the 
areas first described by Logan and Murray on the north shore of lake 
Huron, and in 1863 mapped in detail. The Original Huronian only is 
here compared with the series about lake Superior because it is the 
area to which the term was first applied, and also beeause it has been 
more thoroughly described and mapped than any other area in Canada 
designated by the term Huronian. A careful field and laboratory study 
of the rocks of the Original Huronian has shown its upper series to con
sist in great part (1) of fragmental quartzites, the induration of which 
has been caused by deposition of interstitial silica; (2) of graywackes 
and graywacke slates (often conglomeratic-Logan's Upper Slate GOn
glomerate), the induration of which is due to the deposition of intersti
tial silica and metasomatic changes in the feldspar; (3) of eherty lime
stones, and (4) of eruptives. The Lower Huronian series is more meta
morphosed than the Upper. 

In its readily recognized fragmental character and in its gentle folu
ing the upper Original Huronian series, i. e., the upper 1~,000 feet, i~ 
closely analogous to the Penokee, Upper J\farquette, and Animikie, while 
the Lower Huronian may be compared with the Lower Marquette and 
Lower .Vermilion iron-bearjng series. In the order of succession of 
formations it can not be said that either series corresponds very 
closely with the series about lake Superior, to which they are com
pared. 

It seems to us that in correlation the unmetamorphosed character of 
the Upper Huronian is a guide of some importance. As pointed out by 
McKellar, the intense folding to which the Vermilion lake and Kami
nistiquia series have been subjected must have preceded the much 
more gentle synclinal movement which formed the basin of lake Supe
rior. That no violent dynamic movement has occurred since the begin
ning of Animikie time is known to be true of the· lake Superior basin, 
and it seems exeeedingly probable that the gently folded upper mem
bers of lake Huron belong with those of like character about lake 
Superior. If this is not the case, the intense dynamic movements 
which produced the closely folded rocks of northeast.ern Minnesota and 
Ontario lost their force before reaching the area about lake Huron, and 
this region must have escaped any serious folding for a louger time than 
auy otller closely studied part of the earth's crust. 
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Besides the reason already mentioned for plaeiug the upper Original 
Huronian as. the equivalent of the Animikie and Upper Marquette rather 
than below these series, as advocated by certain geologists, we have one 
charact~ristic feature already cited which is of some weight. One of the 
most peculiar rocks of the Upper Original Huronian is a conglomerate 
which carries numerous fragments of blood-red jasper. At present the 
source of these fragments is unknown unless they come from the iron
b~al'ing formation of the Lower Huronian. From what has gone before 
it is apparent that a jasper conglomerate is the basal member of the 
Upper Marquette series, and also that similar conglomerates occur in a 
like position in Ontario and northeastern Minnesota. Considering the 
widespread character of this jaspery, cherty, and iron-ore conglomer
ate, its _occurrence in the Upper Huronian of lake Huron suggests that 
this jasper may there be found in the futur~ in the Lo·wer Huronian in 
large quantity. This series would therefore, in position and in litholog
ical character, be like the Lower Vermilion and Lower Marquette iron
bearing series. The existence of such a jasper-bearing series was 
inferred by Logan himself. Taking the Original Huronian north of 
lake Huron as a whole, if Winchell's general conclusion that it con
sists of two unconformable series be correct, the analogy between this 
district and the lake Superior region is complete. Above the fuudc.t
meHtal complex and below .the Keweenawan, as about lake Superior, 
are two discordant series. 

EQUIVALENTS OF THE SIOUX QUARTZITES, ST. LOUIS SLATES, ETC. 

Much of what has been said to show that the Upper Huronian series 
is the equivalent of the Animikie, Upper Vermilion, and Upper Mar
quette applies vdth equal force to such rock series as the Chippewa 
quartzites, the Baraboo quartzites, the Sioux quartzites and the St. 
Louis slates. None of these series are closely folded, although often 
dynamic movements have developed slaty eleavages. Also their orig
inal fragmental char.acter is always seen under the microscope at a 
glance. Between these series and the Potsdam is a great unconform
ity. They present thick beds of frngmental rocks, the induration of 
which has been caused by the same process which vitrified the quartz
ites of the upper Original Huro11ian. The supposed absence of ferrugi
nous rocks in these districts has been used in the past as an argmue11t 
against the correlation of them with the Penokee and AnimBde series 
below considered, but this absence has no particular weight because 
such beds, as compared with the mechanical sediments, are insignificant 
in amount; and further, it is quite possible that these format1ons may 
in the future be found in several or all of these districts. This proba
ability is rendered greater by recently developed ferruginous beds 
between the two quartzite ranges of Baraboo and in the northward 
extension of the St. Louis slates. The rocks here found a.re the exact 
parallel of the iron-bearing beds· of the Penokee and other iron-bearing 
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districts. The percentage of iron is so great in certain localities that 
the material is being mined for an ore. For placing these rock series 
with the Keweenawan, as has sometimes been done, there is neither 
lithological nor structural grounds. In the ~haracter of the material of 
which they are composed, in the presence of iron formations in certain 
localities and in their iuduration, they differ profoundly from any of 
the rocks known to belong with the Keweenawan. 

No one has pla.ced these series lower in the geological column than 
Upper Huronian, so perhaps it is not necessary to give evidence that 
they are not Lower Huronian. The occurrence of chert and jasper 
fragments in the Chippewa quartzites, mentioned by Sweet, and the 
presence of abundant identical material in the quartzites of southern 
Minnesota and southeastern Dakota, at least show that before tb.e for
mation of these series there was a prior series bearing chert and jasper. 
Such a series is the Lower Huronian. These series then in degree of 
induration, amount of folding and in lithological character are like the 
Upper Huronian. 

SUCCESSION .AND EQUIVALENTS Ol!' THE PENOKEE .AND A.i'{Il\1IKIE DISTRICTS SlmiES. 

In the Penokee district of Michigan and Wisconsin is the fol1owing 
succession: At the base is a granite-gneiss-schist complex. The scllist.s 
are alwa.ys completely crystalline, although often finely laminated or 
foliated. · The granites, with granite-gneisses, and the :tine grained green 
hornblende-schists, mica-schists, and chlorite-schists occupy large sep
arate areas, with a debatable ground along their borders. The contacts 
of the granites and granite-gneisses with the crystalline schists are 
eruptive ones, the former being clearly the intrusives. Above this com
plex, and separated from it by a great unconformity, is a Cherty Lime
stone member which in places is 300 feet thick. While it extends east 
and west many miles, it is not longitudinally continuous. Above this 
Cherty Limestone, separated by an unconformity, is the Penokee series 
proper, which consists of a Quartz-Slate member, the upper horizon of 
which is a vitreous quartzite, an Iron-bearing member, and an Upper 
Slate member. Above the Penokee series, separated by another very 
considerable unconformity, is the Keweenawan. Tile parallelism be
tween this d!strict and the Marquette already described is at once man
ifest. The Penokee series proper is the equivalent of the Upper Origi
nal Huronian, Upper Marquette and their equivalents; the Cherty 
Limestone member stands as the only known equivalent of the Lower 
Marquette; for in the Penokee district the upper members of the equiv
alent of the Lower Marquette have not been found or have been removed 
by erosion. That the latter is not improbable is indicated by the very con
siderable thickness in some places of the cherty limestone and its ab
sence in others, while numerous fragments of it are found in the basal 
member of the Penokee series proper. These fragments are so abun
dant in places as to constitute a true basal conglomerate. They are well 
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rolled and are mostly of chert, but are sometimes jasper. This chert and 
jasper, whatever their origin, were in their present condition before 
the deposition of the Penokee series proper. 

Further, the relative geographical positions of the Penokee, the 
Upper Marquette, and the Chippewa quartzite districts are such as to 
strongly suggest that they were once connected. rrhe Penokee series 
at the east is cut off by the unconformably overlying lake Superior 
sandstone; but east of the south end of Gogebic lake there are here 
and there outcrops of slate which are like the Upper Slate member of 
the Penokee district, and a short distance to the east the murow belt 
spreads out into the broad area of upper fragmental rocks, of which 
the :1\!farquette and Menominee dh;tricts are arm8. At the west the 
Penokee series has been entirely swept away by erosion, the copper
bearing rocks coming in contact with the underlying gneisses and 
granite:-:; but to the southwestward appear the fragmental quartzites 
of the Chippewa valley, whieh are believed to be its eontinuation. 

The equivalency of the Penokee series with the Animikie is as plain 
as the equivalency of any two areas of detached rocks in a single geo
logical basin can possibly be in which is laeking clear paleontological 
evidence. It has been seen that above the cherty limestone of the Pen
okee series is an erosion interval. In the Animikie series proper we 
kuow of no equivalent to this member, and in what follows it is excluded 
from the discussion. The Penokee and the Animikie rocks have a par
allelism iu lithological characters which is most remarkable. Not only 
is there a geuerallikeness between the specimens from the two regions, 
but almost every phase of rock from the Animikie series can be matched 
by speeimens from the Penokee series. In the Animikie district the 
formations underlying the iron-bearing belt are not extensively exposed, 
aud consequently little is known of the Animikie equivalent of the 
Quartz-Slate of the Penokee seri~s. But along the Lower Current 
river, near port Arthur, Ontario, quartz-slates underlying the iron
bearing member are found which resemble certain phases of the Peno
kee quartz-slate. Beginning with the iron formations, the parallelism 
between the two series is almost exact. The irony beds upon Gunflint 
lake, where are found the best known exposures of the formation, are 
iu their lower parts ja,sper; magnetite-aetinolite-schist, and ~herty ferru
g-inous rocks coutaining more or less iron carbonate. Higher up are 
thick layers of thinly bedded cherty iron carbonate. All these varie
ties of rock are found in the iron formation of ±he Penokee series, ~tud 
at many places the order of succession is the same. Above the iron
bearing belt in both districts is a great thickness of fragmental clay
slates and graywacke-slates which are again practically identical in 
character in both districts. It is true that in the western part of the 
Penokee district mica-schists have developed from these slates, but the 
original condition of these rocks was essentially like that of the unal
tered phases. 
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Underlying both the Animikie and Penokee series is a complex of 
granites and schists, the unconformity between which and these series 
is of the most pronounced character. That the Animikie series is thus 
separated from the underlying rocks has been seeR by all who have 
studied it. Above both series follows the Keweenawan. In both dis
tricts, in passing at any place from the underlying rocks to the Kewee~ 
naw series in section, the two are in apparent conformity; but, when 
the lines of contacts between the iron-bearing and the Keweenaw 
series are followed for some distance, both with the Animikie and 
Penokee series, this apparent conformity is found to be illusory. That 
is, the Keweenaw series is found to come in contact with one member of 
the underlying series at one place and with another member at another 
place, until in both districts at one or more places the en tire iron-bearing 
series is cut off, the basal Keweenaw rocks coming directly in contact 
with the fundamental complex. These relations mean that between 
the deposition of the Penokee and Animikie series and the outflowt:~ of 
Keweenaw time there intervened a period of erosion which was suffi
cient in places to remove the whole of the inferior series and to cut 
in some places quite deeply into the fundamental complex. There is 
then an immense time gap between these series and the Keweenawan, 
although this unconformity does not approach in the leHgth of time in
volved to that separating the Animikie and Penokee series from t~te 
underlying schists and granites. 

The Animikie series in its most typical development extends from 
Gunflint lake on the national boundary, between Minnesota and Ontario, 
to Thunder bay, lake Superior. ·The Penokee series lies upon the oppo
site sidtj of lake Superior. The latter is a sfm.ple unfolded succession 
dipping. to the northward under the lake; the Animikie is another such 
succession dipping to the southward under the same bo<ly of water. 
There is then little doubt, considering all the facts, that the two series 
represent a single period in the 4istory of the synclinal trough which 
forms the basin of lake Superior. The relations and likeness of the 
Penokee and the Animikie series have been repeated at length as show
ing the breadth of the geological basin in which the deposition of like 
rocks was taking place simultaneously. The equivalency here shown 

· is a long step in understanding the equivalency of other rocks in the 
lake Superior basin. 

SUCCESSION AND EQUIVALENTS OF THE MARQUETTE DISTRICT SERIES. 

In the Marquette district, as the succession has already been dis
cussed, it need here be only briefly repeated. It is as follows: At the 
base is the Archean gneiss-granite-schist complex. In ascending order 
follow the Lower and Upper Marquette, having the lithological charac
ters and relations above described. 

Much work remains to be done in this district which has been stud
ied so closely. From present knowledge it is not even definitely known 
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whether certain of the iron ranges, as for instance that of Teal lake, are 
Upper or Lower Marquette, although it is very probable that the one 
mentioned belongs to the Upper. Also it is a serious question what 
part of the green schists and schist-conglomerates, some of which are cut 
by granite, belong in the Lower :lVIarquette series. Recent work ap
pears to indicate that much if not all of this surface volcanic material 
belongs here, although it can not be asserted that surface volcanic ma
terial does not occur with the green schists of the Archean. 

SUCCESSIONS AND EQUIVALENTS OF THE MENOMINEE AND FELCH MOUNTAIN DIS

TRICTS SERIES. 

Passing now to the Menominee and Felch monntain districts, infor
mation is less exact. It is, however, clear that in both of these areas 
the fundamental complex is found; that is, the granite>s and gneisses 
associated with crystalline schists having the usual ernptive contact~ . 

Above this complex, Pumpelly, with whom this whole subject has been 
discussed and who has great familiartty wHh the entire lake Superior 
region, suggests as exceedingly probable that in the Felch mountain 
iron-bearing series only the equivalent of the Lower ~iarquette occurs, 
the upper series, if it once existed, havi11g been removed by erosion ; 
while in the :Menominee district both representatives of the Lower and 
Upper Marquette are present. The Menominee proper-that is, that 
part of the area which includes the Chapin, Ludington, and Norway 
mines, those in which a cherty limestone is found-are Lower Mar
quette, while the western district, including such mines as the Com
monwealth, Florence, and many others occurring in the upper black 
slate, are Upper Marquette. That between these two is· a probable 
unconformity has already been shown. 

EQUIVALENTS OF THE BLACK RIVRR FALLS SERmS. 

The Black river falls iron-bearing schists of Wisconsin Lave not snch 
observable structuraJ relations as to enable one certainly to determine 
their position. They are, however, tborougl:Jly crystalline schists, and 
are in vertical attitude. On these grounds they are provisionally 
placed as the equivalent of the Lower Marquette. 

SUCCESSIOS AND EQUIVALENTS OF WESTERN ONTARIO AND NORTHEASTERN MINNESOTA 

SERIES. 

Combinin~: the work of Dawson and Lawson about Rainy lake and the 
lake of the Woods, Smyth about Steep Rock lake, the Winch ells and 
Irving in northeastern Minnesota, the succession appears to be granite
gneiss-schist (Coutchiching ~)complex, unconformity, Keewatin, uncon
formity, Animikie, unconformity, Keweenawan. There are also iL 
this district great masses of granite-gneiss at least as late as the 
Keewatin. Included in the granite-gneiss-schist basal complex are 
only such granite-gneisses as are more ancient _than the oldest ~cui-
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mentaries. This vast area has been too little studied to say definitely 
what part of the areas referred to Irving's mica-schist group, 'Vinchell's 
Vermilion series, and Lawson's Coutchiching belongs with the Basement 
Complex. It is equally difficult to say whether the Keewatin of Law
son and Winchell does not comprise more than one series. It is 
Lawson's opinion that it does and that the physical break described 
as occurring in the clastic series on the south shore exists betw·een 
the Upper and Lower Keewatin. Our knowledge of th-is part of the 
lake Superior region is not sufficiently advanced to outline with 
any accuracy the areas which are to be referred to these main 
divisions. It is, however, tolerably clear that in this part of the region 
there are the same great subdivisions of the pre-Cambrian rocks as 
elsewhere; that a part of what has ordinarily been called Laurentian 
will be included in the Basement Complex; that a part of Irving's mica
schist group, Lawson's Coutchiching, and the Profs. Winchell's Vermil
ion also falls within this complex. It is further probable that a part 
of the Keewatin is the equivalent of the Lower :lVIarquette, Lower 1\fe
nominee, and equivalent series. It is possible that other parts of the 
series which have been designated Keewatin belong rather with the 
Animikie. If, however, the break at the base of the Animikie is higher 
than that above the Vermilion, Hunter's island, and Ka,ministiquia iron
bearing series, and the latter break belongs within the Keewatin, as 
now known, this group will need to be subdivided into two series, and 
the succession will thus be expanded at this point into Lower Keewatin, 
unconformity, and Upper Keewatin. 

NOMENCLATURE. 

There still remains the question of nomenclature. In Chapter vnr, 
the major taxonomy of the pre-Cambrian is discusr-;ed and reasons 
are given for including under the term Algonkian all the pre
Cambrian clastics, for confining the term Archean to the inferior crys
taUine complex, for restricting the term Laurentian to the coarser 
grained light colored granite-gneiss part of this complex, and for pro
posing for the dark colored fine grained schistose part of this complex 
the term Mareniscan. These reasons will not be repeated here, but the 
terms with these definitions will be applied to the rock successions of 
different districts of the lake Superior region. This will serve to illus
trate the usage of these terms and at the same time will be a test of 
the propriety of the usages proposed, since the lake Superior region is 
the one in America about which most has been written and which fur
nishes the fullest pre-Cambrian column. 

Belonging to the Archean on the south shore are the Southern Complex 
of the Penokee districts, the fundamental complex of the ::\1arqnette and 
Menominee districts, ::tnd a great expanse of rocks in northern Wisconsin. 
This complex is more largely of the Laurentian gneiss than of the 
Mareniscan schists. Between the two are often the peculiar gradations 
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described which are taken to indicate the intrusive character of the 
granite-gneiss. Between the Archean and the Algonkian, as indicated 
by evidence fully given in another place, there is a great unconformity. 

On the north shore Smyth finds decisive evidence of a thoroughly 
crystalline fnndamenta,l complex below the lowest clastics at Steep Rock 
lake. As has been seen, evidence pointing in this same direction is to 
be found in the reports of Logan, Dawson (Sir William), Selwyn, Bell~ 
:Macfarlane, Herrick, and Lawson, although several of these authors do 
not reach this conclusion. The difficult and uncertain point in this 
connection is in reference to the Coutchiching of Lawson or the Ver
milion of Profs. Winchell. If, as believed by Lawson, there is a great 
time break between the Keewatin and Uoutchiching and if the 
Coutchiching is found to be older than any of the clasties, it belongs 
to the fundamental complex and the term Coutchiching has priority 
over Mareniscan, proposed for the dark colored, fine grained schistose 
part of the Archean. This is the outcome which seems to the writer, 
according to present published evidence, to be most likely; but it must 
be stated that this impression does not accord with Lawson's opinion, 
who regards the Coutchiching as a sedimentary series more nearly con
nected with the Keewatin than with the Archean, nor with the Profs. 
Winchell, who regard the equivalent Vermilion as but a more meta
morphosed downward extension of the Keewatin. 

In restricting the word Laurentian to the granite-gneiss of the 
Archean, much of what has heretofore been denominated Laurentian 
will be excluded. This usage will throw out all of the granite-gneisses 
of an age later than the clastics, and therefore much of the granite
gneiss which Lawson has called Laurentian. It must be recognized 
that about the lake Superior region there are granite-gneisses of vari
ous ages. This is more evident in the main granite-gneiss areas than 
elsewhere, for not infrequently intruding them are other large · bosses 
of granite or gneiss, which, with the earlier granite-gneiss, may have 
again been cut by still later material of the same kind. It is believed 
by some th::tt there are in the lake Superior region granite-gneisses of at 
at least four different ages. It will not do to conelude that any certain 
granite-gneiss is Archean unless its structural relations to the Algon
kian clastics are determined. However, the grauite-gneisses which 
belong to the Archean on the south shore are pegmatized through and 
through and banded and contorted in the most intrivate manner. 
Their constituent minerals show that they have undergone repeated 
dynamic movements. They are cut by eruptives of many kinds and _of 
different ages . Many of the basic eruptives are so ancient that they 
themselves have become schistose and have passed over into horn- · 
blende-gneisses and similar rocks, which now are seen as dark colored 
intersecting or parallel layers in the pink granite-gneiss. This intri
cate complex of granite, gneiss, and schist, which has been subjected 
to repeated dynamic movements in various directions, is very different 
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from the somewhat regular, little altered granite-gneiss which acts as 
a subsequent intrusive. 

The early Canadian geologists used the term Huronian to cover all the 
fine grained schistose and clastic rocks between the Keweenawan or Up
per Copper-bearing rocks and the Laurentian. The same is true of many 
of the American geologists. It is clear that the fine grained crystalline 
schists which constitute a part of the Archean can not here be included. 
Huronian can include only that part of the Algonkian bet,veen the Ke
weenawan and Archean, and, as has been seen, this Huronian is sep
arable into two uncomformable series. On the part of the Canadian 
geologists of late there has been a tendency to restrict this term to the 
lower series, as shown by the exclusion of the Animikie from the Hu
ronian, but if this is done the greater part of the Original Huronian 
must itself be excluded from the Huronian. Upon the other hand, Irv
ing and the Profs. Winchell have advocated restricting Huronian to the 
upper series alone. The recognition of a general stratigraphical break 
in the rocks heretofore included by most authorities in the Huronian 
leads to the natural suggestion that for the superior division Upper 
Huronian shall be used, and for the inferior Lower Huronian. The fact 
that it has been recently maintained that in the Original Huronian area 
itself both of these series exist but renders this suggestion more ap
propriate. Further in favor of this position is its conservative char
acter, although it is recognized that the rules of good nomenclature 
point rather to the restriction of Hurmdan to the upper or lower 
series. If restricted to one it should clearly be the upper, for it i~ cer
tain that the greater part of sediments of the Original Huronian mapped 
in detail here belongs. Hence, as advocated by Alex. Winchell, js 
placed as an alternative to Lower Huronian in the following tabulation 
Lawson's term Keewatin. This term was first defined to cover a series 
of clastics with some crystalline schists about the lake of theW oods. It 
was later more clearly defined and restricted to the unmistakable clas
tics and altered volcanics about Rainy lake. By the Profs. Winchell it 
was applied to the Vermilion lake iron-bearing series, which was be
lieved by them to be the equivalent of the Rainy lake Keewatin. In 
many respects the greater part of these series is like the Lower Mar
quette, Felch mountain, Lower Menominee, Hunters island, and Lower 
Kaministiquia series. If tllis supposed equivalence were demonstrated 
it would be preferable to adopt this term to cover all the series included 
under the Lower Huronian. It is, however, by no means clear that the 
Keewatin will not prove to be a complex series, just as have the Mar
quette and Vermilion lake rocks, consequently it is only tentatively 
placed in the general column. One other term has been proposed for 
this place, Marquettian; but this term is objectionable because as used 
it included both Upper and Lower Marquette. 

Lawson has proposed the term Ontarian to cover the Keewatin and 
Coutchiching. It appears to us that the purposes of geology arc bot

E ull. 86--13 
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ter subserved by using the term Algonkian to cover all the clastic 
series between the Fundamental Complex and Cambrian, and to retain 
Archean as a term of coordinate value with this to cover the basal com
plex. If it shall turn out that the writer is correct as to the position 
of the Coutchiching, the base of the Lower Huronian, not the base of 
the Coutchiching, is the important horizon to mark. More evidence ir. 
desirable for the application of stratigraphical methods to the promi· 
nent structure of the Coutchiching, since, in many respects this struC'· 
ture has the characters of an induced one. Lawson recognizes a tru~ 
physical break at the base of the Keewatin, not at the base of tht 
Coutchiching. The break between the Coutchiching and the granite
gneiss is one which is also found between the granite-gneiss and Kee
watin. It is not a structural horizon, but an eruptive contact. Upon 
the other hand, a great mass of evidence goes to show that there is at 
the base of the Keewatin a persistent structural plane which is recog
nizable throughout the lake Superior region. 

Selwyn and N. H. Winchell maintain that the Keweenawan and 
Animikie are properly Cambrian. Whether the term Cambrian shall 
be so extended downward as to cover two great unconformities and 
two additional rock series of very great thickness is purely a matter of 
policy and of nomenclature, which is more fully discussed in another 
place. While it is of primary importance that an agreement shall be 
reached as to the actual rock successions in the lake Superior region, 
it is but a second~ry matter as to ·the names which Rhall be applied to 
them. That fossils are found in the Huronian is not sufficient reason 
for extending the Cambrian downward indefinitely. That the evi
dences of abundant life are here found has been long known. Many 
of the thick beds of slates heretofore called Huronian, on the south 
shore of lake Superior, not only contain graphitic material, but a con
siderablepercentage of hydrocarbons, not infrequently becoming graph
itic or carbonaceous schists. In the Animikie, on the north shore of 
lake Superior, Ingall finds abundant carbon, and it is said that in 
certain mines and openings rock gas forms in considerable amount . 
..... -\..Lo small quantities of rock may even be obtained which will b~rp. 
These substances must result from the ordinary processes which pro
duced rock gas and coal in the rocks of far later age. ~\.lso the great 
beds of iron carbonate are, to many, evidence of abundant life. In the 
Sioux quartzites one generally accepted fossil has been discovered by 
N.H. Winchell. A discovery of a fossil has been announced by Selwyn 
as occurring in the Animikie. It is a hope that in the future numerous 
other fossils will be found in this series, so that we may have the assist
ance of paleontology in lake Superior stratigraphy. Until, however, 
a fauna is known in these regions which is distinctly Cambrian, the 
di::;covery of life or of certain fossils in the Keweenawan and Huronian 
rocks is wholly insufficient evidence for placing them with the Cambrian. 

We then have in the lake Superior region the following successions 
and correlations for the pre-Cambrian rocks: 
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LAKE SUPERIOH BASIN. 

The synclinal structure of the formations about lake Superior was 
noted as early as 184 7 by Logan in his remarkably accurate general 
account of the lake Superior region. His five general formations were 
found to recur in reverse order on both sides of t.he lake, dipping to the 
center. Rogers and Agassiz, in 1848 and 1850, maintained that the 
shores of the lake are due to dikes. Owen, in 1851, in his studies north 
and south of the west part of the lake, saw that the formations occur 
in reverse order, and reached independently the same conclusion as did 
l;ogan. Bigsby and Whitney followed Logan and Owen in describing 
the lake Superior basin as synclinal. The next exact contributions to 
the structure of the lake Superior synclinal were by Sweet and Irviug, 
who found it to continue to the southwestward in Wisconsin and Min
nesota, the rocks adjacent to the shore on the south side of the west 
P-nd of the lake being on the north side of the synclinal basin. Sweet, 
in 1876, spoke of the lake Superior synclinal as over 300 miles in length 
a.nd 30 to 50 miles in width. That the lake Superior formatioHs are 
not only a synclinal in an east and west direction, the rocks dipping 
respectively from the north shore south and the south shore north, but 
that it is a basin in the exact sense of the term, the rocks on the east 
shore dipping to the west, while the western termination of the synclinal 
in Minnesota plunges to the east or northeast, was shown by Irving. 
This author went further and also showed that the major bays of the 
lake are due either to faults or subordinate flexures within the Kewee
nawan. The basin is clearly a product of Keweenawan time. Chamber
lin suggests that it began early in the Keweenawan. The Upper 
Huronian series partakes in several districts in large measure of the 
basin structure. This is apparent from the fact that the Huronian of 
the Penokee and Animikie series was so long regarded as conformable 
with the Keweenawan. It has oeen seen that there is between these 
series a great unconformity, although not one so vast as the other 
physical breaks about the lake. As a consequence of this the Upper 
Huronian series corresponds only loca11y with the synclinal structure, 
and chiefly about the west half of the lake. The structures of the Lower 
Huronian and Archean have no reference to that of the lake Superior 
basin. 

CONCLUSION. 

It appears that in the lake Superior region is a general succession 
which may be recognized, and that there is really a much greater 
degree of harmony than has been thought in the conclusions which the 
various writers have held most steadfastly as to the lake Superior 
stratigraphy. From the base upward it is as follows: Archean, includ
ing Laurentian granite and gneiss, the origin of which is largely un
known, but which were certainly in their present condition earlier than 
the formation of the Lower Huronian; unconformity; Lower Huronian 



V.AN RISE.) LAKE SUPERIOR REGION. 197 

(a closely folded semicrystalline series); unconformity; Upper Huro
nian (a gently folded and plainly clastic series, although indurated 
by cementation and metasomatic changes); unconformity; completely 
unaltered Keweenawan; unconformity; lake Superior sandstone. In 
addition to the above are great masses of eruptive rocks in all the series, 
both basic and acidic, including granite-gneiss, gabbro, porphyry, dia
base, etc. 

I can not close without comparing this succession of lake Superior 
formations with that given by Logan in his remarkable paper published 
in 1847. It is as follows: '' (1) Granite and syenite; (2) gneiss; (3) 
chloritic and partially talcose and conglomeratic slates; ( 4) bluish 
slates or shales interstratified wit~ trap; (5) sandstones, limestones, 
indurated marls, and conglomerates, interstratified with trap." Be
tween 1, 2, 3, and 4, 5 there was said to be an unconformity. The 
granite, syenite, and gneiss are Archean; the chloritic and partly tal
cose and conglomeratic slates, Lower Huronian; the bluish slates or 
shales interstratified with trap, Upper Huronian; and the sandstones, 
limestones, indurated marls, and conglomerates interstratified with 
trap, Keweenawan. Of course, Logan at that time did not appreciate 
all the structural relations which obtain between these various series, 
although the greatest of the unconformitie~ was discovered, nor did he 
suppose that they are all pre-Cambrian, and in his mapping in 1863. 1 
and 2 are placed together as Lower Laurentian, and 4 and 5 together.as 
a part of the Quebec group above the Potsdam; yet that he appreciated 
that in this region there are five fundamentally different kinds ofrock, 
that he gave an accurate characterization of the Keweenaw series, com
prehending that it is one of great thickness, not less than 10,000 or 
12,000 feet, and that this series rests unconformably upon the granite 
and gneiss, can not be too highly spoken of. Not only was this paper 
the first announcement of all of the above great conclusions, But it gave 
the first mention, as has been seen, of the synclinal structure of lake 
Superior. 

Looking toward the future as to the possible modifications of this 
arrangement by turther work, the point . of greatest doubt lies a,s to 
whether the unconformities here recognized as universal in the lake 
Superior region are really so. Is it not possible that the unconformity 
at the base of the Animikie is at a different position from that between 
the Penokee proper and the Cherty I.~imestone, and may not these be 
different horizons from that between the Upper and Lower Marquette 0/ 
May not the break above the Lower Marquette be at a different posi
tion from that above the Lower Vermilion. These questions can not 
be positively answered in the negative, although all the evidence at 
hand bears strongly in this direction. It may be found in the lake 
Superior basin, so extensive in area, that while the folding and erosion 
producing an unconformity in one part was occurring, at some 
otller distant part deposition was going on. In all probability this is 
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to some extent true. That the rocks in the different districts referred 
to these periods have the same absolute duration would hardly be ex
pected. Sedimentation. in the series correlated probably continued 
longer in certain parts of the region than in others. A break even if 
as widespread as believed probably did not begin nor end everywhere 
at the same time; and certainly it would be true, after a certain move
ment and erosion had ended, as the sea began to encroach, that sedi
mentation would begin in one district before ,it reached another. So 
that if these correlations are correct and the breaks really general, as 
is believed, it does not follow that the periods opened or closed simul
taneously, but that they stand in a general way as equivalent. The 
equivalency advocated may be much more strongly asserted of the dis
tricts immediately adjacent to lake Superior than of the more remote 
districts. 

The further question arises, whether as work continues new breaks of 
considerable magnitude, not now recognized, will be found. This is not 
improbable. In fact, there is already some indication of such a break, 
although not now capable of being proved at any point. Does the series 
of great conglomerates which are placed at the base of the Upper Hu
ronian, the debris being derived mostly from the Lower Huronian, grade 
conformably upward into the Animikie, or is there here a considerable 
add_itional break~ It is by no means certain that the truth is not with 
the latter alternative, for the conglomerates certainly seem to have suf
fered more intense dynamic action than the adjacent Animikie. Their 
thickness is great, and it may well be that in the Thunder bay district 
will be found a considerable break which in a part at least of the lake 
Superior region will subdivide the Upper Huronian. 

Also as a problem for the future is the real nature of the Archean 
schists. Are they clastic or igneous in origin~ Are they, as has been 
supposed, a real fundamental complex, or will this be subdivided upon 
a structural basis~ A few years ago all below the pre-Cambrian was a 
fundamental complex. Will not the future find our present funda_ 
mental complex further divisible and the real fundamental complex at 
a still lower horizon~ 

Accepting the general stratigraphy as given above, how far will it be 
possible to correlate the individual formations of the series~ How far 
are the Quartz-Slate member, the Iron-bearing member, and the Up
per Slate member of the Penokee series equivalent to those of the Ani
mikie ~ When, as in this case, three like formations of great thickness 
are found in the same order, and the two series as wholes bear identical 
relation::; to underlying and overlying series, the correlation may per
haps be made with a considerable degree of probability, and later closer 
work rather leads to the conclusion that much will be accomplished in 
the direction of correlating formations; that is, several of the series may 
be divided into two or three or more members, which may with a con
siderable degree of probability be correlated with equivalent members 
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in other districts, but that it will be possible to subdivide these various 
series into fifteen or twenty or more members, as was done by the early 
authors, and to correlate these smaH divisions with each other through
out the lak~ Superior region, there is not the least probability. 

While perhaps more has been done in pre-Cambrian stratigraphy in 
the lake Superior region than in any other region in America, this very 
fact opens before us numerous and difficult problems. 
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CHAPTER III. 

THE GREAT NORTHERN AREA. 

SECTION I. THE REGION ABOUT HUDSON BAY. 

LITERATURE. 

BELL, 1 in 1877, reports on explorations between James bay all'd lakes 
Superior and Huron. The rocks are described as Huronian on the 
course followed until the north side of Shatagami lake is reached, with 
the reservation that the gneiss just below Paul's lake may be Lauren
tian. In this distance the rocks are limestones, quartzite, diorite, chert
slate-conglomerate, hornblende-schist, pegmatite, syenite, clay-slates, 
and, at Paul's lake, gneiss. The diorites have a widespread occurrence, 
and an area of massive syenite continues for several miles in one local, 
ity. It is often mixed with crystalline diorite. Beyond Shatagami 
lake are several alternations of rocks which are referred to the Huro
nian and Laurentian before the fossiliferous series is reached. The con
spicuous feature of the last Laurentian belts are large diorite dikes. 
The junction of the Laurentian and Huronian occurs at Davis's rapid, 
51 miles north of the outlet of lake Kenohamissee. 

On the return trip the course followed is by the west branch of 
Moose river, along toward its headwaters, thence to Michipicoten and 
lake Superior. The rocks are chiefly granite and syenite, gneiss, horn
blende-schists anJ mica-schists and greenish schists. These are in part 
referred to the Huronian and in part to the Laurentian, several belts 
of the Huronian being found. At one place the Huronian is spoken of 
as passing into the Laurentian. As a result of the work it is shown 
that an immense area of Huronian rocks runs northward from lake 
Huron through the greater part of the distance lying between it and 
the area of unaltered rocks of the southwest side of James bay. 

BELL,2 in 1879, reports on explorations of the east coast of Hudson 
bay. In this regwn are large areas of gneisses which are referred to 
the Laurentian, and belts of schists referred to the Huronian. With 
the Huronian are schist-conglomerates and quartzites. At the contact 
of the Laurentian and Huronian, the former consists of a coarse quartz 
and mica rock, while the first rock which is considered Huronian i~ a 
dark green, highly crystalline hornblende-schist. The two formations 
appear as usual to be conformable. Along Manitounuck sound is an 
unaltered stratified series in which no fossils were found and which 
resemble the Nipigon rocks. These are called the ::1\'Ianitounuck group. 

209 
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They consist mostly of siliceous and. argillaceous limestones, sandstones, 
quartzites, shales, iron~tones, amygdaloids, and basalts. At Little 
Whale river is a quartz-conglomerate of great thickness below these 
rocks. The limestones are found a-t many localities at the base of the 
series. They have a cherty concretionary and concentric structure. 
The quartzites and sandstones come in ascending order. Associated 
with the quartzites, and overlying them, is a series of cherts and shales. 
These are surmounted by a great thickness of amygdaloids of various 
kinds and of diorites of a basaltic character. At Hichmond gulf the 
base of the section consists of sandstone and conglomerate, above which 
is limestone in a slightly unconformable position and all is capped by 
trap. In one place the trap rests with a slight unconformity upon fer
ruginous beds. Spathic iron ore, sometimes of considerable thickness, 
is sometimes interstratified with the sandstone. 

BELL7
3 in 1879, reports on the country between lake Winnipeg and 

Hudson bay. The rocks along the route, with the exception of one Hu
ronian trough, are described as Laurentian gneiss. The Huronian rocks 
belong in one basin or trough, conforming with the general trend of 
the Laurentian gneiss and mica-schist. Its breadth is about 14 miles 
and its length 143 miles, giving an area of about 2,000 square miles. A 
mica-schist at Pipestone lake contains different kinds of pebbles. At 
Seveu-inile point the rock is a micaceous slate-conglomerate, the pebbles 
of which are chiefly of gray syenite. At the junction of the Laurentian 
and Huronian the two formations appear as usual to be conformable 
with each other. The last of the Laurentian series consists of gray 
coarse, rough-surfaced quartz and mica rock. The first rock on what is 
considered to be the Huronian side of the boundary consists of highly 
crystalline dark green hornblende-schist, ribboned with fine lines of 
white quartz grains. This schist is interstratified with bands o:f finely 
rib boned, slightly calcareous gray gneiss. 

BELL, 4 in 1880, reports on explorations of the Churchill and Nelson 
river and around God's and Island lakes. The Laurentian gneiss is the 
prevailing rock throughout the whole district between Knee and Island 
lakes. The stratification, while moderately distinct, is often banded and 
contorted. Its average texture is of a medium variety, or rather tending 
to fine grain, but coarse forms are occasionally . seen. There is no pre
vailing or general direction in the strike of the gneiss. The Huronian 
rocks occupy a series of troughs in several localities. The rocks are 
schist-conglomerate, sometimes garnetiferous, steatite-schists, green 
schists and felsite schists, most of them be~ng more or less calcareous. 
The Laurentian gneiss occupies the area between the Huronian troughs. 
The strike of the Laurentian gneiss in the neighborhood of the Huro
nian rocks appears in most cases to .correspond with that of the latter. 

BELL/ in 1881, reports on Hudson bay and some of the lakes and 
rivers lying to the west of it. Various gneisses and schists are found 
at different points which are referred respectively to the Laurentian and 
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Huronian. Hudson bay as a whole lies in the great Laurentian area 
of the Dominion. The long chain of islands which fringe the east coast 
are cbmpoi3ed of bedded volcanic and almost unaltered sedimentary 
rocks, resembling the Nipigon. series of lake Superior, which may be of 
Lower Cambrian age. On the western side of the bay, from the Churchill 

· river northward, quartzites and other rocks are found which may also 
belong to the Cambrian system. Cambro-Silurian rocks rest almost 
horizon tally upon the Laurentian along the south western side of the bay. 

BELL,6 in 1883, reports upon the geology of the basin of Moose river 
and adjacent country. The boundaries of the Laurentian and Huro
nian formations appear to be conformable to each other. Massive 
granites occur abundantly with the Laurentian gneisses and Huronian 
schists. The granites generally lie close to the junctiqn of the Huro
nian and Laurentian, this being the usual position of these granite 
areas in the great region northward of lakes Huron and Superior. 

BELL,7 in 188.5, describes granite and gneiss at North bead, Button 
islands, Ungava bay, Nunaungok, Ashe's inlet, Nottingham and Digges 
islands, Stuparts bay, Eskimo inlet, port DeBoucherville, and port 
Lapeniere. A portion of the west coast of Hudson bay is occupied 
with diorites, hornblende-schists and mica-schists, which may be re
ferred to the Huronian series. Deadman's island consists of white 
and light-gray quartzites, and glossy mica-schists, striking north 750 
west. The whole of the western part of Marble island consists of white 
and light colored quartzite bearing a strong resemblance to white and 
vein marble. The beds of quartzite are very massive, although their 
surfaces are often ripple-marked, being sometimes as fine and regular 
as the fluting on a washboard. 

BELL, 8 in 1885, gives a general characterization of the geology of 
Hudson bay. The distribution of the Huronian series is intimately con
nected with that of the Laurentian, being found mostly within the 
lirn.-its of the latter. The rocks of the Huronian system appear to rest 
conformably upon the Laurentian in all cases observed. About the 
mouth of Churchill river, on the west side of the bay, and for some 
miles along the coast, are found massive and thinly bedded quartzites 
with conglomerate beds, the pebbles being mostly of white quartz, in
terstratified with occasional thin shaly layers. These strata may form 
a part of the Huronian series, but they also resemble the gold-bearing 
rocks of Nova Scotia. On the Little Whale river and in Richmond 
gulf on the east side of the bay another set of rocks is found following 
the Huronian and underlying unconformably the Nipigon series. This 
intermediate formation consists of beds of hard red siliceous conglom
erate and red and gray sandstones, with some red shales, and appears 
to have a considerable volume. The Nipigon formation IS largely de
veloped along the east main corLst of Hudson bay, between cape Jones 
and ·cape Dufferin, and consists of compact, nonfossiliferous, bluish 
gray limestones, coarse cherty limestone breccias, quart;z;ites, shales, 
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diorites, amygdaloids, and manganiferous clay ironstones. The lime
stones of lake 1\fisstassini, in the interior of the Labrador peninsula, 
bear a strong resemblance to those of the east main coast. · 

BELL, 9 in 1886, gives additional observations on the geology of Hud
son bay. From Eskimo point to the entrance of Chesterfield inlet, a 
distance of 180 miles, the rock specimens embrace hornblende-schists, 
greenstones, sandstone altered to quartzite and holding fragments of 
indurated shale~ white quartz rock, quartzite like that of Marble island 
felsite, crystalline hornblende rock, diorite, chert, mica-schist, porphyry. 
granulite, red jasper, chloritic schists, etc. The majority of the li~ho
logical specimens correspond with the rocks of the Huronian series, 
Laurentian types are absent, and the probabilities are that Huronian 
rocks prevail all along the northwest coast of Hudson bay, from Eskimo 
point to Chesterfield inlet, and again at Repulse bay. The widely ex
tended areas of massive granitoid character about Hudson bay are 
regarded as primitive gneiss, and there is little doubt are more ancient 
than the regularly stratified gneisses which prevail on the Ottawa val
ley. The.Huronian rocks of the region are unlike those on the north 
shore of lake Huron, consisting of massive diorites, argillaceous and 
dioritic slate conglomerates, granite-syenites, schistose and jaspery 
iron ores, limestones, dolomites, and imperfect gneisses, with a great 
variety of schists. The Manitounuck series is largely made up of rocks 
of volcanic origin. • 

BELL/0 in 1887, reports on explorations of portions of the Attawa
pisbkat and Albany rivers. Various granites, gneisses, and schists 
are found upon Pelican lake, lake St. Joseph, and the upper sections 
of Albany and Boulder rivers, and lake Lansdowne. Upon lake St. 
Joseph a conglomerate is found. The granites and gneisses are placed 
with the ~aurentian and the schists and conglomerates with the B u
ronian . . 

SUMMARY OF RESULTS. 

In all of the above works by Bell the rocks are classified as Lauren
tian or Huronian almost wholly upon lithological grounds, the coarse 
granites and granitoid gneisses being regarded as Laurentian and 
the clearly sedimentary rocks and fine grained calcareous gneisses 
and various green schists with associated rocks being placed as Hu
ronian. Whenever the relations of the two series · are spoken of they 
are said to be in conformity. The Huronian is, however, frequently 
spoken of as .occurring in troughs, which probably implies that this 
series is taken to be the newer of the two; but in general this is an 
inference from its lithological character rather than a determination 
from an ascending succession. The dips are usually high and no 
structure is worked out,. so that from the facts given it would be im
possible to determine which is higher and which lower, except by the 
implication in the words Huronian and Laurentian. While certain of 
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the rocks placed with the Huronian are lithologically like those of the 
Original Huronian, Ben distinctly states that in the main they are quite 
different. The likeness apparently goes no further than the fact that 
occasionally there are found unmistakable clastic rocks, and some of 
these clastics resemble more closely the fragmentals of the Ottawa 
series than they do those of the Original Huronian. 

The Manitounuck group on Hudson bay, which is described as re
sembling very closely the Nipigon series, is, from the illustrations, a 
comparatively flat-lying one and is probably newer than either of the . 
series referred to the Laurentian or Huronian. At least two uncon
formities are mentioned in it, one between two sedimentary rocks and 
another between a sedimentary rock and a trap. 'fhese unconformities 
are spoken of as slight, but the cuts illustrative of them represent the 
first of these unconformities as very considerable. 

SECTION II. NORTHERN CANADA.* 

LITERATURE. 

STEINHAUER,11 in 1814, gives localities for labradorite on the coast of 
Labrador. 

McOuLLOCH/2 in 1819, describes as coming from Baffin bay, 70o 37', 
granite, gneiss, and graywacke-schist. 

RICHARDSON/3 in 1823, describes clay-slate as occurring in the north
ern arm of Great Slave lake. North of Great Slave lake the granite 
formation continues for a considerable distance toward Fort Enterprise, 
but contains more foreign beds in advancing to the northward. In this 
region in places mica-•slate prevails and in other places the granite con
tains beds of mica-slate. Gneiss appears to exist throughout the great 
district to the eastward of Coppermine river. About Fort Enterprise 
are numerous hills capped by red granite, around which, on the acclivi
ties, gneiss is wrapped in a mantle form. The rocks of this district in
clude granite, micaceous and hornblendic gneiss, greenstone, mica-slate, 
and clay-slate. At Point lake are found graywacke-slate, clay-slate, 
and transition greenstone slate, as well as transition conglomerat~, the 
fragments of which appear to consist of the same material with the 
bases. In the first part of the region of Coppermine river, between 
Point lake and the sea, are found granite, syenite, gneiss, clay-slates, 
and hills of trap. North of latitude 66° 45' 11" are found red and gray 
sandstones, compact feldspar rock, granular foliated limestone, trap 
rock, and greenstone which constitutes the Copper mountains. In 
these mountains are amygdaloids which contain amygdules ofpistacite 
and calc-spar, scales of copper being generally disseminated through the 

*This section is largely compiled from Geo. M. Dawson's account of this region accompanying his 
geological map of it. With a number of exceptions the original reports have not been seen. This 
unusual plan is here adopted because Dawson's summary of the geological material, widely scattered 
through the many volumes of .Arctic travel, is so complete as to render unnecessary the labor of 
going through them a second time. 
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rock. In this region were also found masses of mttive copper and preh
nite. The shores of Bathurst inlet are partly of granite and gneiss and 
partly of later rocks. On the road from Bathurst inlet to Point lake 
and Fort Enterprise, beyond Hood's river, the rocks are entirely gneissic 
or granitic. 

P ARRY,14 in 1824, found granitic and gneissic rocks to occupy the 
whole southern part of the east shore of Melville peninsula and to 

. continue northward behind a tract of limestone country, forming a 
range of mountains in the center of the peninsula to Hecla-and-Fury 
strait. They also form the south shore of this strait, most of the islands 
adjacent to it, and apparently the whole eastern shore of the adjacent 
south part of Cockburn "island." 

KoNING, 15 in 1824, describes the most characteristic rock collected by 
Capt. Parry on the west coast of Baffin bay as gneiss and micaceous 
quartz rock, with some ambiguous ·granitic compound in which horn
blende seems to enter as a subordinate ingredient. 

LYON/6 in 1825, describes cape Fullerton on the main shore west of 
Southampton island to be composed of rugged red and gray graniti9 
rocks with the strata running in a northwest direction. 

JAMESON,17 in 1826, states that the material collected by Capt. Parry 
shows that the west coast of Davis strait and Baffin bay, south of 
Lancaster sound, consists of primitive rocks, among which are gneiss, 
mica-slate, hornblende-slate, granite limestone, ho:rnblende-rock, and 
greenstone. .All these rocks are more or less distinctly stratified and 
numberless transitions from one into the other were observed. 

RrcHARDSON/8 in 1828, describes the rocks of the Coppermine river 
series as extending westward to the Height of Land and consisting 
chiefly of sandstone and conglomerates with granite and porphyry. 
The southeast extremity of McTavish bay consists of red granites and 
gneisses. .At the mouth of Dease river and the northeast extremity of 
the lake the prevailing formation is granitic and gneissic. On mount 
Fitton, along the .Arctic coast west of the Mackenzie river, the moun
tain range consists of graywacke slates which are considered transition 
rocks. 

LESLIE, JAMESON, and MURRAY (HUGH)/9 in 1830, mention in the 
region of Southampton island, Melville peninsula, and Hecla-and-Fury 
strait, as prominent varieties of rock, granite, gneiss, mica-slate, clay
slate, chlorite-slate, primitive trap, serpentine, limestone, and porphyry. 
The Primitive range bordering the east coast of Baffin land is a contin
uation of the Labrador coast; and on the west coast of Davis strait and 
Baffin bay, south of Lancaster strait, primitive rocks preponderate, 
including gneiss, mica-slate, and granite. 

Ross,20 in 1835, finds granitoid and gneissic rocks to occupy exchl
sively. the coast line and adjacent islands of the Boothian and Melville 
peninsula south of 70o 35'. 

FrTTON,21 in 1836, describes the north side of Great Slave Iake from 
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the entrance of the north arm westward as consisting mainly of gneiss, 
porphyry, and granite. The large islands and promontory of the east
ern part of the lake are of the trap formation. These are compared to 
the Coppermine series. Pebbles of jasper conglomerate were collected 
near the west end of the lake, but the rock was not seen in place. The 
rocks on the route from Great Slave lake northeastward by Clinton
Golden and Aylmer lakes and the Great Fish river to the Arctic coasts 
are different varieties of granite and gneiss. 

B.AciC, 22 in 1838, describes granite as occurring in two places along 
the southeastern coast of Southampton island. 

SIMPSON,23 in 1843, applies the name Trap Point to the Kent penin
sula. After an interval of low ground to the eastward granite forms 
the coast line. 

R.AE, 24 in 1850, finds north of latitude 61° on the west coast of Hud
son bay, beyond Nevill's bay, the shore steep and rugged, being 
lined with bare primitive rocks. On the southern shores of the gulf of 
Boothia granite occm's in seyeral places, and among the specimens 
found are gneiss, mica-slate, quartz-rock, hornblende-slate. Precipitous 
cliffs of trap were found on Simpson bay, in latitude 68° 27'. 

RrcH.ARDSON,Z5 in 1851, states that the eastern side of the north arm 
of Great Slave lake is occupied by primitive rocks, which run across 
the outlet of Athabasca lake to the deep, northern arm of Great Slave 
lake, and onward by Marten lake, across the two eastern arms of 
Great Bear lake, to the Oopper mountains. On Rae river, which flows 
into Coronation gulf near the mouth of the Coppermine, are limestone, 
quartz-rock, and high cliff's of basalt. From the similarity of the 
various rocks associated in this quarter to those occurring at Pigeon 
river and other parts of the north shore of lake Superior the author is 
inclined to consider that the two deposits belong to the same geolog
ical era, both being more ancient than the Silurian. At Rae river and 
Richardson river, to the northwest of the mouth of the Coppermine and 
on the west side of the Coppermine river, are series of basaltic cliffs. 

SuTHERL.AND/6 in 1853, describes the rocks at cape York and cape 
Atholl, latitude 7G0 , as consisting of sandstones, interstrati:fied with 
volcanic material. On the east coast of Baffin land, from Lancaster 
sound to Cumberland sound, are crystalline rocks which occupy the 
whole coast southward to Cumberland strait. 

MURCHISON,27 in 1857, states that cape Granite in the Arctic Archi
pelago is composed of quartz, feldspar, and chlorite, and is accompa
nied with gneiss ofthe same composition. 

K.ANE/8 in 1857, states that the rocks of the coast be.tween l~ensse
laer harbor and the great Humboldt glacier (in Peabody bay), are strat
ified limestones; sandstones, feldspathic and porphyritic granite passJ 
ing into gneiss, and in some places trap. 

H.AUGHTON7
29 in 1857, describes gtanitic rocks as composing a consid

erable part of :Korth Greenland, on the north side of Baffin bay, and 
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constituting the rock of the country at the east side of the isl;md of 
North Devon. Be~een capes Osborne and Warrender the rocks are 
graphic granite, which passes into a laminated gneiss, and with the 
gneiss are interstratified beds of garnetiferous mica-slate. The whole 
series is overlain by red sandstones of banded structure. The grani
toid rocks are again found on the north side of the island of North Som
erset, where they form the eastern boundary of Peel sound. Cape 
Granite is the northern boundary of the granite. On Peel sound and 
Prince of Wales island is a dark syenite composed of feldspar and 
hornblende. This rock is massive and eruptive at cape M'Olure, and 
occasionally gneissic. The Silurian of the Arctic archipelago rests 
everywhere directly on the granite, with a sandstone, passing into a 
coarse grit, at its base. 

HAUGHTON/9 in 1859, states that granitoid rocks everywhere under
lie the Arctic archipelago. At Montreal island is a gneiss which exhib
its the phenomena of foliation in a marked degree. At _Bellot's straits, 
in latitude 72° north, are found gneissoid granite, graphic granite, and 
syenite. At Pond's bay, at the northern extremity of Baffin land, 
quartziferous mica-schist underlies the Silurian limestone and is inter
stratified with gneiss and garnetiferous quartz rock inclining 330 
WSW. Cape York, on the Grt enland· coast, is composed of fine 
grained granite. At Wolstenholme sound the granitoid rocks are con
verted into mica-slate and actinolite-slate, the two rocks passing into 
each other by almost insensible gradations. Carey's islands, west of 
Wolstenholme sound, are composed of a gneissose mica-schist, formed of 
successive layers of quartz granules, and layers of jet-black mica. The 
mica-schist passes into white gneiss. Yellow and white sandstones are 
also found in small quantity upon the islands, reposing upon the gran
itoid rocks. 

LIEBER,30 in 1860, describes on the coast of Labrador, gneisses, gran
ites, labradorites, etc., at various localities. 

DERANCE and FrELDEN,31 in 1878, state that the Laurentian system 
is the fundamental one for the region visited by Sir George Nares. At 
cape Rawson is an important overlying series which occupies the 
coast of Grinnell land from Scoresby bay to cape Cresswell, in latitude 
82o 40' north~ The rocks are in a series of sharp folds with a general 
west-southwest strike, the beds being often vertical and frequently 
cleaved. They consist of jet-hlack slates, of impure limestones, trav
ersed by veins of quartz and cherts, and of a vast series of quartzites 
and grits. They are compared to the gold-bearing series of Nova Scotia 
and doubtfully referred to the Huronian system. 

HIND, 32 in 1878, describes at Mullens cove, in the Laurentian series 
~f Labrador, a succession of interbedded gneisses, micaceous schists, 
crystalline limestones, and a bed of calcareous conglomerate. The 
thickest layer of white crystalline limestone is 35 feet. 

EMERSON,33 in 1879, describes the rocks of Frobisher bay, collected 
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by 0. F. Hall, as consisting of granite, gneiss, magnetite-gneiss, horn
blendic gneiss, mica-schist, etc. 

BELL,9 in 1885, describes on the Labrador coast gneiss and gran
ite at Ford's harbor and Mission station, Nain, at Nachvak inlet, at 
Skynners cove, and other points. The granite sometimes becomes 
syenitic and the gneiss is sometimes well laminated. 

BoAS,34 in 1885, describes the nucleus of Baffin land as everywhere 
of gneiss and granite. 

GREELY,35 in 1886, finds toward the head of Ohan~ler fiord high 
cliffs of schists and slate, and in Ruggles river, at the outlet of lake 
Hazen, large slabs of slate. 

PACKARD, 36 in 1888, describes syenitic and . gneissic rocks of the 
Laurentian formation at various points, among which are Sleupe har
bor in Gore island near Shallop, the bay east of Anse-au-Loup, Caribou 
island, cape St. Francis, and Square island. 

McCONNELL,37 in 1890, mentions granite-gneisses east of the Rocky 
m~untains at the rapids of Slave river and fort Rae. These evidently 
belong to the Laurentian or the oldest division of the Archean. West of 
the Rocky mountains, crystalline schists are largely developed along the 
valley of the Pelly-Yukon, occurring in numerous exposures from the 
International boundary to fort Selkirk, and they continue up the Lewis 
about 30 miles. This belt of crystalline rocks has a width of somewhat 
over a hundred miles. The eastern edge of the area consists largely of 
quartzose schists, chlorite-schists, mica-schists, diabases, and serpen
tines, which are occasionally interbedded with bands of slate, limestone, 
and are broken in many places by igneous intrusions. The green 
schists, in ascending the river, are underlain by foliated mica-gneisses, 
alternating with hornblende-gneisses, which are distinctly Archean in 
appearance and lithological cha.racter. 

SUMMARY OF RESULTS FROM DAWSON. 

DAwsoN,38 in 1887, as a result of an exhaustive review of the literature 
of northern Canada, states that Archean or Eozoic rocks are dominant 
in the northern part of the continent. They also form the greater part 
of Greenland, and doubtless underlie at no great depth the entire Arctic 
archipelago. While the information available is sufficient to indicate 
the existence of the different subdivisions of the Archean which are 
met with in the southern portion of Canada, including the lowest Lauren
tian or granitoid gneiss series, the Middle Laurentian, possibly the 
peculiar rocks classed as the "Upper Laurentian" and certain of the 
more schistose and generally darker colored and more basic rocks classed 
as Huronian, it is far too imperfect to admit of the separation of these 
subdivisions on the map. It is evident that the Huronian is represented 
in parts of the west coast of Greenland, and it is probably also recog
nizable on the Labrador coast, and on the west· coast of Hudson bay. 
The occurrence of well stratified gneisses with mica-schists and crystal· 
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line limestones, with associated graphite and magnetite, appears to in
dicate .the presence of J\fiddle Laurentian. These rocks occur on the 
southern part of Baffin land, Frobisher bay, Cumberland sound, and 
Melville peninsula. The term Cambrhln is made to include all rocks 
above the Huronian to the base of the Cambro-Silurian. Extensive 
areas placed in the Cam brian on the Arctic coast and in the vicinity of 
Coppermine river are analogous in character to those of the Keweenaw 
or•Animikie of the lake Superior region, and probably represent both 
groups of that great copper-bearing series. Throughout the northern 
part of the continent the characteristic Cambrian formation, composed 
largely of volcanic rocks, apparently oecupies an unconformable position 
with regard to the underlying Laurentian and Huronian systems. The 
present remnants show that these rocks have undergone comparatively 
little subsequent disturbance. The cape Rawson beds of Grinnell land 
are provisionally refened to the Cambrian, on account of their litholog
ical resemblance to the rocks of the Animikie, and also on account of 

• their similarity to the Nova Scotia gold-bearing series. 
In the above summary, as the terms are used in this volume, the Mid

dle Laurentian, much of the Huronian, and the Coppermine and equiva
lent series, which are placed in the Cambrian, are to be included in the 
Algonkian; while the Lower Laurentian is largely or wholly Archean. 

SEC9'ION III. THE LOWER ST. L.A. WRENCE RIVER .A.ND WESTW .A.RD TO 
LAKES ST. JOHN .A.ND MISST.A.SSINI. 

LITERATUHE. 

B.A.YFIELD,39 in 1840, describes granite rocks as occupying the follow
ing districts: Along the St. Lawrence from the Saguenay to pointe de 
Mon.ts, a distance of 130 miles; from pointe de ~onts to the Seven 
islands, a distance of 60 miles; the mainland to the eastward of Mingan 
islands and opposite Ste. Genevieve island, where the country for many 
miles inland is composed of low granite mounds; the coast from Ste. 
Genevieve east to cap~ Whittle, longitude 60° W., latitude 50° 10' N. 
The.granites are in part hornblendic and in part nonhornblendic. At 
Ste. Genevieve was observed hypersthene and Labrador feldspar. The 
granitic rocks are regarded as unstratified. They are traversed by 
trap veins, insignificant in size as compared with the immense size of 
the lake Superior granite masses. Reposing horizontally on the granites 
on the east side of Pillage bay and mount Ste. Genevieve are limestones. 
The islands of the south shore of the St. Lawrence and the south coast 
from Saguenay to cape Rozier are composed of alternating strata of 
graywacke and slate dipping to the southward at angles varying from 
30° to goo. 

LOG.A.N,40 in 1850, describes a metamorphic group of rocks in the 
vicinity of bay St. Paul, Murray bay, and ""'Thite cape on the St. Law
rence river. The predominant rocks are mica-gneisses and hornblende
gneisses. No crystalline limestones were noted . 

• 
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LOGAN,41 in 1854, describes the district north of the St. Lawrence 
river, between :Montreal and cape Tourment, below Quebec. To the 
metamorphic sediments the word Laurentian is applied. It is used to 
cover all of the prefossilifero1Is rocks. The name is founded on that 
given by Mr. Garneau to the chain of hills which the Laurentian 
series compose. At St. Maurice the Potsdam sandstone rests upon the 
gneiss. 

DA wsoN,42 in 1861, describes the Laurentian rocks exposed on the 
coast cliffs of lVIurray bay . . At one place the succession includes 
gneiss, white quartz roek, impure Hmestone, and hornblende slate, but 
the beds are so inverted that little reliance can be placed on apparent 
superposition. The crystalline limestone, dolomite, and serpentine are 
together 14 feet thick. The Silurian rocks rest unconformably upon 
the Laurrntian beds. 

RICHARDSON,43 in 1870, describes the Laurentian and Labradorite 
rocks on the north shore of the lower St. Lawrence. The Laurentian 
gneiss has sometimes little appearance of stratification. The dips are 
high, approaching the vertical. The Labradorite, with moderate dips, 
rests unconformably upon the Laurentian. At one place there occurs 
in the gneiss a bed 12 feet thick of coarsely crystalline limestone. The 
Labradorite rocks have a wide extent. Both the Laureutian gneiss and 
labradorites are cut by granitic veins. 

RICHARDSON, 44 in 1872, reports on the prefossiliferous rocks in the 
country north of lak~ St. John. They are classified under two heads: 
First, Laurentian gneiss, including a little crystalline limestone; sec
ond, crystalline schists, consisting of chloritic and, epidotic rocks, with 
dolomites, serpentines, and conglomerates. The Laurentian occupies 
much the largest area of country and includes gneissic rocks cut by 
granite veins, limestones, quartzites, and hornblende rocks. The lime
stones and quartzites are comparatively unimportant, but the former is 
said to be in thickness not less than 500 or 600 feet. The rocks of the 
second class immediately succeed the Laurentian near the north end of 
lake Abatagomaw. Large expans~s of the conglomerate of this series 
are composed entirely of rounded fragments of Laurentian gneiss of 
gray and red colors. In some places, without close examination, the 
conglomerate might be mistaken for the Laurentian gneiss. Sandstones 
and shales are met with which show lines of depositio:Q. It is remarked 
that whatever the geological horizon of this series of rocks, it will be 
prudent for the present to withhold an opinion until further investiga
tions are made. The only indication as to the geological age of this 
series is given by an obscure fossil occurring in a limestone which 
Billings thinks is a coral. 

LAFLAMME,45 in 1885, gives geological observations on the Saguenay 
region. The pre-Cambrian rocks are divided into two series, a gneissic 
and a labradorite series, which are together included in the Laurentian, 
although nothing is said HR to their structural relations. 
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Low,46 in 1886, reports on the Mistassini expedition. The Laurentian 
gneisses and associated rocks occupy the whole country from the gulf 
of St. Lawrence to James bay, along the route traversed, with the excep
tion of some areas of B uronian and Cam brian in the vicinity of lake 
Mistassini. The Laurentian rocks include gneiss, hornblende-schists, 
mica-schists, crystalline limestones, and areas of triclinic feldspar rocks. 
The rocks described by Richardson, north of lake Abatagomaw, are sim
ilar to the epidotic and chloritic slates of the Shickshock mountains and 
the eastern townships and are referred to the B uronian. 

SUM.MARY OF RESULTS. 

In the very brief and general studies of the area north of the lower 
St. Lawre11ce no attempt is made to map the region in detail nor to 
work out the structure of the rocks. The Labradorite rocks are sepa-· 
rated by Richardson from the gneissoid rocks, to which be applies the 
term Laurentian. The reason for doing this is not given, so that we 
have no indication as to wbetJ:er this is an eruptive or a sedimentary 
series, and if sedimentary, whether it underlies or overlies the gneisses. 
As in the Ottawa region, the great mass of gneiss is free from lime
stones. The limestones are local and are associated with other rocks 
which are presumably of clastic origin, such as quartzites. 

The remarks which are made with reference to two series in the 
Ottawa area would apply equally well to this region. We have no in
dication as to the relations of the clastic series, described by Richard
son, to the Laurentian gneiss which is referred by Low to the Huronian. 
Richardson, who did the work upon this series, was not able to give an 
opinion as to its position, and its reference to the Huronian by Low is 
made wholly upon lithological grounds. It is, however, probable that 
the great conglomerates in the neighborhood ofLake A.batagomaw, com
posed almost entirely of rounded fragments of Laurentian gneiss and 
which in some places closely resemble the gneiss, mark the structural 
boundary between the two series of rocks. The description of this con
glomerate is that of a recomposed rock, the material being derived from 
the immediately underlying formation. 
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CHAPTER IV. 

EASTERN CANADA AND NEWFOUNDLAND. 

SEC'l'ION I. THE EASTERN TOWNSHIPS. 

LITERATURE. 

J\'IURRAY/ in 1847, describes the metamorphic rocks of the Notre 
Dame mountains. The more important varieties are slate and trap. 
It is not certain that these rocks do not belong to the fossiliferous for
mation. 

LoGAN,2 in 1863, describes the Quebec group at length. MetamO'I'
phic rocks of various kinds are mentioned, but these are all regarded 
as belonging to the fossiliferous series. In the fossiliferous formations 
east oftl1e Notre Dame mountains are veins and masses of intrusive 
granite. 

SELWYN, 3 in 1879, gives observations on the stratigraphy of the 
Quebec group. This group is divided into three distinct groups of 
strata. First, the lower Silurian group; second, the volcanic group, 
probably lower Cambrian; and third, the Crystalline schist group 
(Huronian~). The rocks composing group three are chiefly slaty and 
schistose, embracing various schists, imperfect gneisses, micaceous 
dolomites, and magnesian limestones. The upper part of this series 
emerges from beneath the upper Silurian. 

SELWYN, 4 in 1883, finds in the Stoke mountains an igneous belt un
conformably overlapped and covered by the fossiliferous beds of the 
Levis formation and by the Siluro-Devonian rocks; but between these 
volcanics and the more schistose rocks of the central axis, by which 
they are underlain, no unconformity has been detected. These volcan
ics are provisionally classed with the lower series, that is, pre-Cam
brian and probably Upper Huronian. In the Quebec series are found 
important masses of granite which are intrusive in the fossiliferous 
series. The stratified rocks in contact with them are disturbed and 
altered, the limestones converted into graphitic schists or crystalline 
marble, and the argillites into mica-slates, chiastolite and staurolite 
schists, which are traversed by streaks and veins (dikes') of granite. 
These granites are regarded as of Silurian or Devonian age. The alter
ation of the fossiliferous beds has gone so far as to suggest a resem
blance to the crystalline rocks which have been referred to the Lauren
tian or Huronian. 

223 
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SELWYN,5 in 1883, in further speaking o£ the Quebec group, asserts 
of the upper m'etamorphic or volcanic group that neither a schistose nor 

· a bedded structure can be accepted as a proof of nonigneous origin, and 
that a massive lava flow is as likely, through press~re and metamor
phism, to assume a schistose structure as are ordinary sedimentary 
strata. Much of the material of the upper part of the lower groups is 
of contemporaneous irruptive and eruptive origin, though for the most 
part, through cleavage · and alteration, so changed in external and 
physical character as to cause these rocks to be classed as metamor
phic, notwithstanding that they still closely correspond in chemical 
composition with recognized igneous and volcanic rocks, and differ es
sentially from any known ordinary unmixed sedimentary deposits. It is 
suggested that the upper volcanic group may represent the Keeweenian. 

ELLS,6 in 1887, reports on the geology of a portion of the Eastern 
Townships. Placed in the Cambrian are a set of slates of various colors, 
sandstones passing into quartzites, quartziferous schists and conglom
erates in which are found no calcareous beds or fossHs. The conglom
erates are of two kinds; one is composed of pebbles of the ordinary kind, 
granitoid rocks, quartzites, slates, etc.; the ot:p_er is composed largely 
of dior·itic pebbles in a diorite paste with intercalated beds of sandstones 
and grits, and may be regarded as an agglomerate. This series in 
places is certainly unconformable to the Cambro-Silurian system on the 
one hand, and in a like manner is unconformable to the underlying 
ridges of crystalline rocks from the debris of which they are largely 
formed. These strata for the most part flank the ridges of crystalline 
schists and gneisses, but at other times are in intricately folded basins 
in them. These rocks resemble the gold-bearing series of Nova Scotia. 
When near to or cut by masses of granite the strata have developed in 
them crystals of chiastolite and staurolite. 

The areas of crystalline schists, gneisses, and limestones, with serpen
tines and associated strata are referred to the pre-Cam brian. The age 
of these rocks is inferred from their lithological character, from their 
position of apparent unconformity below the overlying series referred 
to the Cambrian, and from the fact that their debris is found in the 
latter series. The areas of pre-Cambrian rocks are four in number. In 
position, and in the fact that they contain copper, they closely resemble 
the copper-bearing rocks of New Brunswick and the Huronian of Bruce 
mines. There is a similarity to the series in England and Scotland 
described by Hicks under the names of Dimetian, A.rvonian, and Pebid
ian. Summing up it is said: Whatever may be the exact age of these 
altered rocks, their present aspect entitles them to be classed as very 
ancient sediments, although, in view of the great alterations which 
may result from intense regional metamorphism, there is no reason why" 
many of the ordinary sedimentary rocks of Cambrian, Cambro-Silurian, 
or even Silurian age, should not aRsnme much of the character of these 
j~st described. It is now tolerably clear that the series now considered 
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constitutes the lowest of all the geological formations eucountered in 
this portion of the province. 

Both plutonic and volcanic rocks occur in the Eastern Townships, in
cluding granites and diorites, some of which are at least as late in age 
as the Lower Silurian, although others are earlier, as is shown by the 
fact that fragments of them are included in the strata referred to the 
Cambrian. The sedimentary strata are altered at the contacts with 
these intrusives. These granites are, however, held by Selwyn to be 
metamorphic. 

SELWYN,7 in 1887, states that at the Bras stream, about 3 miles from 
the Chaudiere river, is well exposed a contact of the crystalline series 
with the black slates, showing the same unconformable relations 
between the Cambrian and pre-C?~mbrian as on the Quebec Central 
railway. The granites considered by Ells as intrusive are regarded as 
more probably formed in situ by the same metamorphic agencies that 
have altered the adjacent strata, and the so-called dikes are probably 
due to segregation; in fact, the latter are rather veins than dikes. 
The granites are then regarded as au effect of the metamorphosing 
agencies rather than the cause of the metamorphism. 

ELLs,s in 1889; gives ::t second re1Jort on the geology of the Quebec 
group. Throughout the area of the rocks referred to the Lower Cam
brian no fossils have yet been found, but they resemble the lower por
tion of the Cambrian of New Brunswick. The most that can be said of 
them stratigraphically is that they are intermediate between the chlo
ritic and micaceous schists of the central anticlinal and the overlying 
rocks of the Sillery. These Cambrian rocks have certain beds which 
elosely resemble those of the Potsdam age of the Sillery; on the other 
hand, it is not easy to separate them from the underlying pre-Cambrian 
schists, although at cm-tain points there is a manifest unconformity 
between the two series, as is well shown between Broughton station 
and IIarvey hill on the Quebec Central railway; the regular strike of 
the underlying chloritic rocks being nearly east and west, while the 
overlying black slate, with which are associated beds of grayish lime
stone, at times strike nearly north and south. The difference in the 
character of the Cambrian and -pre-Cambrian strata, together with the 
fact of the occmTence of .a line of fault between the crystalline schists 
of the Sutton mountain anticlinal and the slates and serpentines to the 
east., are the chief reasons for the separation of these two series into pre
Cambrian and Cambrian. The pre-Cam brian areas found are com
posed mostly of alternations of chloritic and micaceous schists. In 
certain localities, as at Les Saints Anges, are found micaceous black 
and gray slates, and quartzites with crystalline limestone, which may 
be Cambrian or pre-Cambrian. The areas of granite, diorite, and ser
pentine are described. 

ADAMS,9 in 1889, :finds that the massive and stratified varieties of 
the anorthosite underlying the northwest part of the Eastern Towuships 

Bull. 86-15 . 
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are really oncy different portions of one and the same mass. It is con
cluded that most, if not all, of the areas are of eruptive origin, since 
they are frequently found cutting the gneisRes. Bands of crytStalline 
limestone are found in the region. 

ELLS, 10 in 1890, states that the lowest beds of the Lower Cambrian 
frequently contain a very considerable thickness of conglomerates, the 
pebbles of which are without doubt derived from the underlying crys
talline ridges which have been called pre-Cambrian. They are distinct 
in character from the pre-Cambrian of the anticlinals, the latter being 
in all cases highly crystalline, while there is a sharply defined line, 
either of unconformable overlap or of fault, between the crystalline 
series and the slates and quartzites of what has been styled Lower 
Cambrian. This line of fault is to be seen at certain points, and is 
heavy; at others the slates occupy basin-like areas infolded in the 
schists, where the rocks pass at once from the black, gray, and purple 
slates to the highly altered schists. There are certain areas of mica
schists and black slates which are apparently in the center of the 
anticlinal of Sutton or the Chaudiere. These probably represent a 
portion of the pre-Cambrian, but they are quite distinct from the or
dinary black, purple, and gray slates and quartzites of the Chaudiere 
gold series. 

SUMMARY Ol!' RESULTS, 

A J.arge number of articles have been written in reference to the 
Quebec group which are not touched in the above, as their poiut of 
view is paleontological, and if the crystallines are referred to at all they 
are simply placed as the metamorphosed equivalents of the fossiliferous 
rocks. 

While Ells places the middle series found in this region as Cambrian, 
he is very cautious to say that he has no paleontological evidence for 
this; so that it is yet to be considered an open question whether it is 
Algonkian or not. By Selwyn it is compared with the Keweenawan, 
and by Ells with theN ova Scotia gold-bearing slates. It is certain that 
the series is uncomformably below the Potsdam, and equally certain that 
it overlies crystalline schists. While the so-called Cambrian and pre
Cambrian are said to be unconformable, and several localities are cited in 
which these relations obtain, one wishes that they had been described in 
more detail. The only one mentioned in which the facts are given upon 
which the statement of uncomformity is based is the one on the Quebec 
railway, where it is said that the strike of the Cambrian slates is almost 
at right angles to that of the pre-Cambrian schists. When it is remem
bered that there probably are in this region great masses of intrusive 
granites which have metamorphosed the adjacent strata, and that as a 
result of such action a schistose structure oftentimes develops inde
pendent of the original bedding, the evidence cited at this particular 
locality is by no means sufficient to establish the conclusion. However, 



VANHISE.] EASTERN CANADA AND NEWFOUNDLAND. 227 

the basal conglomerates of the series referred to the Cambrian, the crys
talline character of the pre-Cambrian as contrasted with the clastic 
character of the Cambrian, and the sharply defined line, either of un
comformable overlap or of fault, between the crystalline series and the 
slates and quartzites which are styled Lower Cambrian, indicates t.he 
probability that a structural break of great magnitude does occur be
tween the two series. The supposed lower series of crystalline chloritic 
and micaceous schists and gneisses, with their associated quartzites 
and limestones, seems clearly to be of clastic origin .. It is compared 
with the Huronian by Ells. From present imperfect knowledge it can 
only be safely placed as Algonkian. If it shall turn out that the IlOn
fossilifcrous rocks referred to the Cambrian by Ells are also Algonkian, 
this system is represented in the Eastern townships by two series which 
are probably uncomformable. 

Selwyn's later position as to the nature of the granite is the opposite 
of that earlier held. In his reports published in 1879 and 1883 the 
granites are not only believed to be intrusive, but many of the crystal
line schists are believed to be metamorphosed irruptives. In the foot
notes accompanying Ells's reports these same granites are said to be 
metamorphic. 

SECTION II. GASPE PENINSULA. 

LITERATURE. 

ELLs, 11 in 1885, describes the pre-Cambrian rocks of the Gaspe 
peninsula. These are confined to the Shickshock mountains. They 
are garnetiferous gneiss, hornblendic, chloritic and micaceous schists, 
epidosite, etc. These rocks are so like the pre-Cambrian as seen in 
New Brunswick and other parts of Canada that they are removed from 
the Quebec group and assigned to an older horizon. Serpentines, dio
rites, and granites are intrusives, a part of them later in age than 
Devonian. 

LOW/2 in 1885, also describes the pre-Cambrian rocks of the Gaspe 
peninsula. They are represented by the metamorphic schists and 
slates of the Shickshock mountains, among which are serpentine, and 
several beds of limestone, one of them being 90 feet thick. Great 
masses of granite and dikes of trap are found in these series. The 
granites are evidently of later date than the Silurian and Devonian 
rocks, as fragments of these are inclosed in them, and the adjacent 
stratified rocks show alteration. 

SECTION III. CENTRAL NEW BRUNSWICK. 

LITERATURE. 

RoBB, 13 in 1870, gives a report on the geology of central New Bruns
wick. The crystalline rocks include (1) a band of metamorphic rocks 
immediately underlying the Carboniferous series and extending to the 
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southeastern boundary of the great granite area, (2) the central 
granite area, (3) a band of noncalcareous metamorphic slate and 
quartzite lying immediately northwest of the granite area. The south
ern slate 'band extends from l\fagaguadavic lake to the southwest Mina
michi, its breadth varying from 9~ miles on the St. John river to 17 
miles on the Miramichi. The rocks consist of argillaceous and miea
ceous clay-slates, with interposed bands of crystalline, quartzose, mi('a
ceous and feldspathic rocks resembling sandstone. They are doubtle:-:;s 
altered sediments. In one place apparently in this series are fossils, 
probably of Upper Silurian or Devonian age. Th~ central granite occu
pies a considerable area to the northwest of the slates. The line 
between the slates and granite is somewhat arbitrary, for the slate ~nd 
quartzite band includes three very considerable, with some smaller, 
bands of granite. The various feldspathic rocks of the region seem to 
merge into each other. This is true, not only of the granite and gnei~ss, 
but even of the foliated semicrystalline slates and quartzites. Occa
sionally fragments of gneiss of all shapes and sizes are found imbedded 
or incorporated in the granite, and vice versa; but no appearance of 
granite veins cutting the laminated rocks are noted. The slates, mica
schists, and quartzites of the northern slate belt locally assume a crys
talline aspect. Bands of crystalline rocks resembling granite, syenjte, 
and diorite are intercalated in the manner of conformable or interbed
ded masses. At one place is found a slate-conglomerate which is believed 
to occupy a depression in the older rocks. 

RoBB, 14 in 1872, gives some additional facts in continuation of his 
studies. The central granite area is divided into two granitic bands. 
Much of the granite area is of a gneissoid character. Where the change 
from granite to slate occurs, the granite near the line of contact is 
often of a red variety and rather fine gra,ined, gradually passing into 
the ordinary color and texture in receding from the line. All attempts 
to elucidate the structural relations of the granite have proved futile. 
In the slate band northwest of the granite are conformable dikes of 
diorite, syenite, and other feldspathic rocks. Immediately at the juJlC
tion of the granite with this series is a band of pure crystalline lime
stone. 

ELLS/5 in 1881, reports on the geology of northern New Brunswick. 
The pre-Cambrian rocks are believed to underlie unconformably the 
Cambro-Silurian. The typical rock is a grayish feldspathic gneiss, 
frequently containing hornblende. The rocks referred to the pre-Cam
brian include granites, felsites, gneisses, and schists. Granites, diorites, 
dolerites, and felsites are found. A portion of these are :rp.ingled with 
the pre-Cambrian, but others, and especially the basic eruptives, are 
found in the slates and other rocks belonging to the fossiliferous series. 
At the contact of the granites with the slates in places the latter 
become crystalline and contain crystals of staurolite. 

ELLSl6 in 1883, finds crystalline mica-schists, quartzites, etc., which 
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are provisionally referred to the pre-Cambrian system. They are found 
at two places conformably to underlie the Cambro-Silurian series. 

BAILEY/7 in 1885, in a report on York and Carleton counties in cen
tral New Brunswick, finds no rocks which are regarded as pre-Cam
brian; but granites, syenites, basalts, and diabases occur which are 
regarded as intrusive. Interstrati:fied with the Lower Carboniferous 
are beds of volcanic or semi-volcanic origin. The granite is :filled with 
imbedded fragments of other rocks, so that in places it has the appear
ance of a conglomerate. Beyond question they come from the schistose 
and micaceous rocks which border the granite, as is shown by their 
identity in character with these rocks. Also the lines of contact show 
the intrusiv(j character of the granite. 

BAILEY,u1 in 1886, in continuing his work in central New Brunswick, 
finds highly crystalline strata, including gneisses, syenites, and fel
sites, which are referred to the pre-Cambrian. They are thought to be 
a continuation of those described by Ells. In this pre-Cambrian are 
included without doubt very considerable masses of igneous rocks. 

BAILEY ancll\.fclNNES,19 in 1877, in continuing work on central New 
Brunswick :find felsites, quartzites, and mica-schists, which are referred 
to the pre-Cambrian. Only the boundaries of the rocks are mapped, no 
attempt being made to work out the structure. These rocks are cut by 
granites which are found in two areas. These granites are the same 
character as those which have been previously described as of probable 
De'7onian age. 

SUMMARY OF RESULTS. 

As a result of the above work in central New Brunswick it is clear 
that below the Cambro-Silurian rocks is a set of semicrystalline and 
crystalline schists containing among the former such rocks as slate, 
quartzite, and limestone. The character of thes.e is such as to show 
that they are in part of clastic origin. Large masses of intrusive rocks, 
both basic and acid, out both these rocks and the fossiliferous sedi
mentaries. The masses are sometimes so large as to cause important 
contact metamorphism. 

There is little difficulty in separating the intrusives from the fossilif
erous rocks, but upon account of the more crystalline character of the 
older series and its likeness in mineralogical composition to certain of 
the subsequent intrusives, and further, upon account of the intimate 
mingling which occurs between these two classes of rocks, it is difficult 
to make the separations with the same degree of sharpness. This diffi
culty is not improbably further increased by the presence of intrusives 
earlier than those which cut the Cambro-Silurian rocks. 

The maps presented of the pre-Cambrian are purely areal, no attempt 
w atever being made to subdivide them or to work out their structure. 
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SECTION IV. SOUTHERN NEW BRUNSWICK. 

LITERATURE. 

GESNER,20 in 1839, gives many details as to particular localities in 
southern New Brunswick. The succession of rocks below the Old Hed 
sandstone is argillaceous slate and granite. The volcanic rocks of tbe 
bay of Fundy are of different ages. 

GESNER,Z1 in 1840, gives a continuation of his study of the previous 
year. -

GESNER,22 in 1841, describes the geology of the county of St. John 
more fully than in previous reports. The syenites occupy a large area, 
and against these lean the slates, graywackes, and limestones parallel 
to the coast of the bay of Fundy, but there is a group of more schistose 
rocks containing no organic remains which dip toward this ridge. 
These latter are evident.ly primary, while the graywackes and gray
wacke-slates are Cambrian or Silurian. It is certain that a part of the 
granitic and syenitic rocks which have been regarded as primary really 
belong to a later age. 

GESNER,23 in 1842, finds that the graywackes and slates provisionally 
correlated with the Oambrhm were deposited prior to the elevation of 
the granitic, syenitic, and trappean masses upon which they rest, as 
they are fractured in all directions by dikes and extensive elevations 
of those rocks. 

GESNER,24 1843, places the granite, syenite, trap, and serpentine in 
the unstratified rocks. To the Cambrian system are referred a series 
of graywackes and clay-slates which are sometimes conglomeratic. 
These rocks extend from the American boundary to near Bathurst, 
and in them organic remaius occur. 

JOHNSTON1
25 in 1850, in a report on the province of New Brunswick, 

gives a map by Rob)J in which the crystalline rocks are outlined as 
granite, gneiss and mica-slate, and trap rocks. 

BAILEY,MA.'l'THEWandHARTT,26 in 1865, in observations on the geo
logy of southern New Brunswick, give a resume of the work previously 
done. Of the 15 different groups of rocks, the lowest consists princi
pally of granite, gneiss, mica-schist, and thick beds of crystalline lime
stone. This is the Laurentian or Portland group. Rest~ng upon the 
Portland group is the Coldbrook group, belonging to the Huronian 
division of the Azoic system, and thick deposits of altered slate of a 
volcanic character, surmounted by conglomerates. The Coldbrook 
group is succeeded by the St. John group, which cpntains no coarse 
material and is regarded as equivalent to the Potsdam or Primordial 
of New York. Above the St. John group is the Bloomsbury group of 
volcanic character, such as basalt, amygdaloid, and trap rock, which 
are associated with conglomerates and slates destitute of fossils. Geo
graphically separated from the above groups are the rocks of Kingston, 
which are regarded as Upper Silurian, and the mica-schists of Queens 
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county, which may be Cambrian. Scattered through all the above are 
igneous rocks such as granite, syenite, porphyry and trap, which may 
occur associated with rocks of any age. The Portland group is in al
most entire conformity with the Coldbrook group. The lithological- re
semblance of the Coldbrook group (7,000 feet thick) with the Iluronian 
is very close. The presence of graphite in the Portland and St. John 
groups is regarded as evidence of life. 

The extreme metamorphism of the Portland group is evidence of its 
great antiquity. This age would never have been doubted were it not 
for the intimate association and conformability with the beds of the 
overlying groups, which are unquestionably Upper Devonian, and the 
Portland was supposed to represent either a portion of the Lower Devo
nian or possibly the upper part of the Silurian. During the <leposition 
of the Azoic and Silurian ages a long period of repose prevailed, broken 
only by the volcanic activity of the Coldbrook group. The Bloomsbury 
rocks associated with rocks unquestionably of Upper Devonian age 
are referred to the same horizon. At one place the Coldbrook group 
overlies the St. John, its position being due to a reverse folding caused 
by a ridge of eruptive syenite. The Kingston group on its general 
lithological character and stratigraphical relations is provisionally re
ferred to the Upper Silurian, although Lower Silurian and Lower 
Devonian beds may occur. 

MA1'THEW,Z7 in 1865, correlates the Portland series, which includes 
limestone, syenite, gneiss, conglomerate, slate, and graphitic shale, with 
the Laurentian, :first, ber.ause of its lithological characteristics, and 
second, because it is unconformably overlain by great thicknesses of 
deposits similar to the Huronian series of Canada. The Coldbrook 
Huronian group is conformable with the Lower Silurian St. John beds, 
although there is a marked contrast between the formations, the former 
containing conglomerates and volcanic products, but the latter none. 

HIND,28 in1865, in a; geological sketch of the province of New Bruns
wick, :finds no rocks older than the Lower Silurian. The belts of gran
ite are regarded as of Devonian age, being apparently thrust up through 
the Lower Silurian and Devonian strata before the beginning of the 
Carboniferous epoch. The Quebec group includes gneiss, anorthosite, 
mica-schist, hornblende rocks, diorite, various schists, and other crys
talline rocks. 

MATTHEW and BAILEY,29 in 1870, divide the metamorphic rocks of 
_New Brunswick and Maine into, :first, ; Laurentian series, which con
sists of gneiss, often granitoid in aspect, including (1) crystalline lime
stone and interstrati:fi.ed beds of quartzite and diorite, (2) a Labrado
rian or Upper Laurentian series, which consists of feldspar rock 
associated with hypersthene and magnetite; and, second, a Cambrian or 
Huronian series. The granites of St. Johns river are of Devonian age. 

BAILEY and MATTHEW,30 in 1872, find the Laurentian system to have 
a rather widespread distribution. The rocks are placed in the Lau-
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rentian because older than the Silurian rocks, which contain a·~Primor
dial zone, as well as on account of their general lithological resemblance 
to the ancient rocks of the Laurentian system. The Laurentian is 
separated from the Primordial beds by an accumulation of trappean 
and tufaceous strata which is supposed to be of Huronian age. The 
lower division of the Laurentian consists of diorites, syenite, grani
toid gneiss, etc., while its upper division consists of crystalline lime
stone with diorite at intervals, greenish gray gneiss, quartzite, argillite, 
and slate conglomerate. The contact of the granite with the schistose 
rocks is peculiar. Contained in the granite are long irregular blocks 
of the schistose rock. Their occurr.ence suggests either a softening of 
the older series through metamorphism subsequent to the deposition of 
the upper series. or else the intrusive character of the granites. One 
section of gneiss and granite in the Lower Laur:entian has a thick
ness of12,600 feet. The maximum thickness of limestone and quartzite 
of the Upper Laurentian is not more than a thousand feet. 

In ihe lluronian series are placed the Cold brook, Coastal, and Khlgs
ton groups, which together occupy a wide area. The Coldbrook group 
at several points was observed to rest upon the gneissic and granitic 
rocks referred to the Laurentian system, and in turn to be conformably 
overlain by the slates of the St. John group containing Primordial 
fossils. The Coldbrook group consists of diorite, chlorite-schists, black 
slates, micaceous shales, argillites, gneissoid rocks, and other varieties. 
The rocks of the Coastal group consist of felsites and conglomerates, 
gray limestones, and gray clay slates, gray chloritic grits and schists, 
micaceous slate and gray dolomite, green and red clay slate, and diorite. 
The Kingston group consists of shales, felsites, diorites, and argillites. 
In Grand Manan are various crystalline rocks which are not definitely 
referred to any period, but are compared to the Huronian. The Devon
ian and Huronian rocks are folded together, but no evidence is seen of 
unconformity between the two series. The 1\iascarene series in general 
aspect resembles the Huronian series of St. John an·d King counties. 
Intrusive granites are found at many points. In general the contacts 
of these granites with the surrounding rocks are not found, and their 
age is thus unknown. 

The diorites and schists of Bloomsbury mountain, formerly supposed 
on stratigraphical grounds to be more recent than the Huronian, resting 
upon the St. John group and overlain conformably by the Devonian 
sandstones, are now regarded as Huronian on lithological grom1ds, 
being probably brought up by a fault. At Musquash harbor and at 
Ratcliffe's mill stream green subcrystalline schists rest conformably 
upon tbe Primordial strata, but these are believed to be overturns and 
the former Huronian. 

The rocks of the Coastal group at several points overlie Upper 
Silurian or Devonian strata. Tbey were formerly described as DeYo
nian; but as Hunt finds them similar to the Huronian in lithological_ 
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character, they are here referred, and the apparent inferior position of 
the Devonian is supposed to b~ due to a dislocation. Accidental inter
calations of Upper Silurian and Kingston strata are found. 

BAILEY, 31 in 1872, describes the rocks of the greater part of Grand 
Mananas consisting of Triassic trap. Upon its east side are. however, 
found metamorphic rocks, which may belong to different series; but 
none are believed to be more recent than the earliest Primordial 
Silurian, while some of them may be Huronian. 

MATTHEW and BAILEY,32 in 1876, place the Mascarene and Kingston 
series, the latter of which was previously considered Upper Huronian, 
in the Upper Silurian upon account of fossils discovered in them. 

BAILEY and MATTHEW/3 assisted by Ells, in 1877, in observations 
on southern New Brunswick, provisionally refer the Cold brook group, 
formerly considered as Laurentian, to the Huronian. The granites are 
separated from the stratified formations of the Cold brook group. 

MATTHEW ,34 in 1878, refers as doubtfully belonging to the Laurentian 
the slate formation of Charlotte county, formerly described as Coastal 
rocks and placed in the Huronian. In the· Kingston series, more recent 
than the Coastal, are rather crystalline rocks which are believed in part 
to belong to the Upper Silurfan, but, like the Coastal rocks, are of un
certain age. The crystalline mica-schists, hornblende-schists, gneisses, 
diorites, etc., of Grand Manan combine in characters the two belts of 
Kingston rocks and those of certain Upper Silurian strata. 

BAILEY and ELLS,35 in 1878, find in the Caledonia mountains of Albert 
and Westmoreland counties chloritic and talcose slates associated with 
beds of grit and conglomerate, which are regarded as probably of Hu
ronian age. 

ELLS,36 in 1879, finds in Albert, eastern Kings, and St. Johns counties 
pre-Silurian rocks, which are placed in the Huronian and Laurentian. 
The older series is said to consist of syenite, felsites, feldspathic quartzites, 
and limestones. In many places are transitions from the slates through 
schists, felsites, ~nd gneisses, to syenites. The newer series consists 
of felsitic, siliceous, brecciated, and ash rocks at the base, with talcose, 
chloritic, and older schists, ash rocks and purple grits, and conglom
erates. The second group lies unconformably upon the rocks of the first. 

BAILEY, 37 in 1879, divides the pre-Silurian rocks of southern New 
Brunswick into four divisions on lithological grounds. The first are 
syenitic, feldspathic, and gneissic rocks; the second, limestones and 
dolomites, with others. These two divisions are regarded as belonging 
to the Laurentian. The third is a felsite-petrosilex group which com
prises sandstones and conglomerates, as well as amygdaloidal ash rocks 
and ash conglomerates. This is the Coldbrook group of the earlier re
ports and is regarded as a lower member of the Huronian system. The 
fourth division is a schistose, chloritic, and micaceous group, comprising 
among other rocks conglomerates, clay slates, quartzites, ash rocks, 
amygdaloids, etct, and is regarded as the upper member of the Huro-
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nian system. The passage from division 2 to division 3, that is, from the 
Laurentian to the Huronian, is a gradual one, as the two groups are 
intimately associated. 

Placing the Upper Coldbrook group as pre-Silurian, the unconform
ability of this group with the Silurian is marked in general. The Pri
mordial beds sometimes rest upon division3 and sometimes upon division 
4, they contain in places coarse basal conglomerates, and appear to have 
been originally deposited among the hollows of the Huronian series. 
South of Bloomsbury mountain, and on the main stream of Black river 
and the adjacent region, the Huronian rocks are associated with the 
Devonian, and the two formations accord almost exactly both in strike 
and dip, the Devonian being included among the Huronian rocks. But 
in addition to the fact that the conglomerates of the former are largely 
made up of the debris of the latter, there are points in which this ac
cordance is clearly wanting. The discordance is pretty well seen at the 
east branch of Black river. 

MATTHEW7
38 in 1879, finds the Kingston series to exhibit a strong 

resemblance to the Huronian formation of St. John county, but it is re
garded as Silurian on paleontological grounds. 

BAILEY, MAT1'HEW, and ELLS,39 .in 1880, give a general review of 
their work done upon southern New Brunswick, which covers an area 
of about 6,000 square miles. The rocks comprised under the pre-Cam
brian include the Laurentian of 1871 and the three former divisions of 
the Huronian-Coastal, Coldbrook, and Kingston. Of the relations of 
the upper members of the Laurentian mica-sc.hist, limestone, and fine 
gneiss, to the main body of coarse syenite and syenitic gneiss constitut
ing the Lower Laurentian, nothing further is known than contained in 
the report of 1870-'71. The greatly bro~en and disturbed character of 
the supposed upper series, the obscure stratification of much of the 
underlying group, and the frequent occurrence of intrusive masses, 
combine to make the determination difficult. There can, however, be 
no question that the bulk of the calcareous and siliceous strata are more 
recent than the coarse granitoid rocks with which they are associated. 
With one possible exception, no instances of direct superposition of the 
Coldbrook rocks on the Laurentian have been observed; but the 
Coastal rocks are found upon the Coldbrook rocks as well as upon the 
Upper Laurentian, so there is no reasonable doubt as to the true suc
cession. Contacts of the Coastal group with the Coldbrook group are 
found in the county of St." John, and especially along the line of the St. 
Martins and Upham railway, between Upham and Quaco, and on the 
lower Quaco road on either side of Bloomsbury mountain. In passing 
from one to the other there is often an abrupt change of dip, the beds 
of the higher series dipping at a lower angle than those upon wllich 
they rest, while along the same line of contact it is not uncommon to 
find masses of coarse breccia ~on glomerate, in which the fragments are 
largely the petrosilex derived from the inferior group. It is, however, 
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questioned whether the unconformability is sufficient to prove the fact 
of any considerable lapse of time. The age and equivalency of the 
Kingston group, as well as that of the Mascarene peninsula, is some
what uncertain, owing to the difficulty of obtaining stratigraphical evi
dence and from the close resemblance which many of them bear on the 
one hand to the rocks of the Huronian, and on the other to those of the 
Silurian. 

BAILEY1
40 in 1881, in summarizing the work of the survey in New 

Brunswick, concludes that there is a Laurentian and Huronian, as in 
other parts of Canada. These are below the Primordial by a marked 
unconformity. These rocks east of St. John occupy irregular troughs 
in the pre-Silurian rocks, resting sometimes upon one and sometimes 
upon another of the subdivisions of the latter, crossing their strike 
obliquely and having coarse basal conglomerates. There is almost per
fect lithological liken ss between the great mass of rocks referred to 
the Laurentian, including coarse and fine grained gneisses, quartzites, 
graphitic, and serpentinous greenstones and dolomites, with the Lauren
tian of other parts of Canada, and particularly the Hastings series of 
Vennor. This series is capped by the great volcanic series of the Hu
ronian. These pre-Silurian rocks are confined wholly to the region of 
the southern metamorphic hills, nothing of equivalent age having yet 
been identified in the central and northern portions of the province. 
In the rocks referred to the Huronian are two well marked divisions, 
the lower or Coldbrook group and the upper or Coastal group, between 
which there is not infrequently evidence of at least a partial uncon
formity. The pre-Silurian rocks are of vast thickness; their divisions 
were deposited under markedly different conditions; there are uncon
formities between these divisions. These facts show that these rocks 
are at least as old as the Huronian and portions of the Laurentian sys
tem. Above the Upper Silurian rocks are found felsite-porphyries and 
peculiar orthophyres at Passamaquoddy bay, and at Eastport and 
Pembroke, Maine. On the St. John river, associated with the fossilif
erous rocks are amygdaloidal and ash rocks which are indistinguish
able lithologically from the IIuronian formation, and to which all of 
these rocks have previously been referred. 

BAILEY, 41 in 1885, finds the granites of southern and central New 
Brunswick to be of intrusive character and to cut rocks as late in age 
as the Carboniferous. As evidence of this are cited the abrupt transi
tions from the massive granite to the associated schists; the widely 
different characters of the invaded beds; the fact that foliation and 
crystallization are most marked in the vicinity of the granite and de
crease in receding from it; the outlines of the granite are irregular and 
sometimes parallel, at other times are oblique to, and at other times 
at right angles to the rocks cut; detached masses or bosses of granite 
border main granitic areas; granite veins like those of the main mass 
of granite penetrate the schists in all directions adjacent to the granite 
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masses; large detached blocks of schists and gneiss, usually angular, 
are frequently contained in the granite, sometimes being so abundant 
as to produce the appearance of a coarse breccia. As to the age of 
these -granites, no veins are found penetr.ating later strata than the 
Upper Silurian, but all conglomerates older than the :tower Carbonifer
ous are destitute of granite pebbles, while the later formations abound 
in them, which appears to indicate that the granites are Devonian. 

ELLS,42 in 1886, finds in Albert county pre-Cambrian rocks which in
clude quartzite, felsite, gneiss, syenite, and granite. The crystalline 
limestone rests generally upon the flanks of the schistose series. These 
rocks are an eastern extension of the p~e-C~mbrian of western New 
Brunswick. 

BAILEY,43 in 1890, says the evidences of unconformity between the 
Primordial and Archean are clea1~, varied, and widely distributed. It 
is equally evident that the Archean conffists oft~ groups of sedimenti, 
which in many features resemble the Laurentian and Huronian sys
tems of Qanada; butthere are equally striking differences between the 
supposed Laurentian rocks of St. John and those of Canada. This is 
especially mark~d by the greater proportional amount in the former of 
distinctly stratified rocks, such as slates and quartzites, and the absence 
of coarsely crystalline deposits. As regards the Huronian rocks, the 
greater part were referred to as felstones, clay-stones, porphyries, and 
petrosilcx before the introduction of the present methods ofvetrograph
ical research and their names in some instances are probably misapplied. 
The relations of the Laurentian and Huronian systems are not well 
undsrstood. While the author does not doubt that the clastic and 
schistose rocks refcrret?to the Huronian are more recent than the grani
toid gneissic and crystalline limestones regarded \:as Laurentian, a con
trary view has been taken by others. 

MATTHE\V, 44 in 1890, states that in the upper Laurentian of New 
Brunswick fossils occur at three horizons. The oldest of these is in a 
quartzite in the lower half of the system. This contains IIexactinellid 
sponges, allied to the genus Gyathospongia. The second horizon is in the 
upper limestone. It contains calcareous coral-like structures which 
l)enr a resemblance to Stromatopora rugosa. The third horizon is that 
·of the graphite beds, in which occurs great numbers of sponge spicules, 
arranged in parallel sets, one set crossing the other at an acute angle. 
The type of sponge is apparently Monactincllid. Eozoon also occurs in 
the Laurentian. Between the upper Laurentian system and the basal 
Cambrian occurs a tllird system of rocks, the Coldbrook and Coastal, 
which has given conglomerates to the Cambrian and has a great thick 
ness. 

SUMMARY OF RESULTS. 

While the mapping of the p1-:ovince of New Brunswick has been com
pleted by the official survey, the statemr,11ts of the later papers of those 
who have taken the most active part in' this mapping make it certain 



VAN HIS~.) EASTERN CANADA AND NEWFOUNDLAND. 237 

that m~ of the supposed conclusions reached in the early repo.rts are 
open to doubt. The most noticeable feature is the failure to subdiv.ide 
the Huronian fiito two or three series on these maps when the divisions 
Coldbrook, Coastal, and Kingston have been found in the reports for 
many years. The reason assigned on the maps for this is that the three 
series are so intimately intermixed that their separation with any ap
proach to accuracy is impossible. 

The difficulty of the geology of this region is shown by the manner 
in which these groups have been shifted from one place to another. In 
the days of the earlier work none of them were regarded as pre-Cam
brian, and a portion was given as high a place as the Devonian. The 
Kingston group in 1865 was called upper Silurian and was r~g~rded as 
overlying the St. John; in 1872 was called upper Huronian·; in 1876 
was again placed as Silurian; and was not until 1879 finally placed 
with the upper Huronian. The Coastal group, first placed in the fos
siliferous series, in 1872 was placed in the middle Huronian; in 1878 
was doubtfully referred to the Laurentian, and in 1879 was again re
turned to its place as middle Htuonian. The Coldbrook group has 
been reckoned as Huronian since 1865. 

At the outset, in discussing the results attained as to the succession 
of crystalline rocks, the intrusjve character of a very large part of the 
granite at a period later than pre-Cambrian time may be considered as 
demonstrated. To this conclusion all the official geologists have agreed 
with the exception of Hind, whose work w.as done at a time in which 
the metamorphic theory bad extreme power. Announced by Gesner in 
1841, the evidence cited by him for the intrusive character of the gran
ite is in a measure the same as that so convincingly given by Bailey 
over forty years later, in 1884. 

The plainly eruptive character of a part of the granite suggests the 
question as to whether the great mass of syenite, granite, and gneiss 
making up the lower Laurentian is not also of an igneou_s character. 
Even if this be so, it' does not follow that it is not the most ~ncient rock 
in southern New Brunswick; but the possipility is suggested that it 
may be an intrusive of a much earlier age than those which cut the 
Sih!_rian strata, and yet not be earlier than -a portion~of~the crystaJp_ne 
-rocks of clastic origin and p~e-Cambrian age. 

It is evident that among -the rocks referred to the Laurentian of_· 
southern New Brunswick is a great series of complet..e~y crystalline 
rocks, .and an apu.arently unimportant ~ries eomposecl of slates, quartz
ites, and limestones. This is shown by the estimated thicknesses given 
in the report published in 1872. The lower Laurentian is given a 
thickness of over 13,000 feet, while the upper Lap.rentian (clastics) have 
a thickness not to exceed 1,000 feet. 

The suggested intrusive character of the lqwer Laurentian is IDC!;._de 
more probable by the faQt that there is said to be transitions betwe.en 
these plainly clastic rocks and the thoroughly crystalline ones. Upon 
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the other hand, it is also a possibility that there is a physical break 
between the clastics and crystallines of the Laurentian, but no frag
ments of the underlying series are found in the clastics nor is any struc
tural unconformity mentioned. One is at once struck with the parallel
ism between the two parts of the Laurentian of southern New Brunswick 
and those of the Hastings series. In this latter case Vennor, in his later 
work, came to the conclusion that the clastic series is a newer uncon
formable one resting upon an older crystalline series. 

The Laurentian and Huronian are in general said to be in conformity. 
While this is true, Matthew in 1865 states that the Portland series is 
unconformably overlain by the Huronian, and Ells repeats this state
ment in 1879. In1880, however, this position is apparently abandoned; 
at least it is not alluded to in the general summary of conclusions. As 
the Huronian and Laurentian are regarded as conformable, the basis 
for separating the clastic series at the base of the Coldbrooks must be 
considered wholly lithological. It is somewhat difficult to determine 
the lithological criteria used in the distinction, but it seems that the 
appearance of abundant volcanic material is the most important of 
these. .Also connected with this fact is a prevailingly darker color. 
When it is remembered that volcanic outbreaks are often of a local 
character, and that it is wholly possible that quartzites and slates are 
being deposited at the same time volcanic accumulations are occurring, 
it must be concluded that the criterion of volcanic activity is an uncer
tain one. It would seem that it would be more reasonable, without 
reference to other localities, to make the major break above the crys
tallines of the Lower Laurentian. 

The only physical break finally maintained in the whole pre-Cam
brian series is between the two divisions of the ;Huronian, the Cold
brook and Coastal. From the descriptions it seems that this break 
is a very considerable one; for detritus of the lower series is contained 
in the upper, and more important than this, the lower series has a 
steeper inclination. Such a break as this certainly implies not only an 
erosion interval, but an orographic movement, and this must mean a 
rather important time break. 

Throwing aside all correlations with other regions and com;idering 
the pre-Cambrian succession in southern New Brunswick alone, it is as 
follows: (1) Wholly crystalline granites, gneisses, etc. (2) Quartzites, 
slates, slate conglomerates, gneisses, and crystalline limestones. (3) 
Volcanics and clastics of the Coldbrook. Unconformity. (4) Coastal 
and Kingston groups. While in' the reports it is positively stated that 
the Coldbrook is lower than the Coastal and Kingston, even this con
clusion apparently can not be taken without question, since the dis
tinction is abandoned in the mapping. The dropping of the term 
Huronian for the post-Laurentian groups indicates that this correlation 
with Huronian, taken for granted for many years, is also considered an 
open question. 
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SECTION V. NOVA SCOTIA AND CAPE BRETON. 

LITERATURE. 

JACKSON and ALGER,45 in 1832, in remarks on the mineralogy and 
geology of Nova Scotia, find the granites to protrude through the clay
slates. They are, however, regarded as older than the slates, the latter 
having been deposited on them in a horizontal position. This granite 
is the only Primitive rock of Nova Scotia. The line of junction between 
the slate and granite was not observed. The slates are cut by numer
ous dikes believed to be of igneous origin in age posterior to the slate. 

BROWN,46 in 1843, places the whole northern part of cape Breton in 
the Primary rocks. Cape North is composed of mica-slate, gneiss, and 
granitic rocks apparently interstratified, with an east and west strike, 
and upturned nearly on edge. Igneous rocks occupy a large part of 
the island. These protrude through the limestones and graywackes, 
which are associated with the coal measures. 

DAWSON (SIR WILLIAM),47 in 1850, divides the metamorphic rocks of 
eastern Nova Scotia into two groups; one along the Atlantic coast and 
vicinity, and another belt to the west, parallel to the first. The coast 
group consists of quartzites, mica-slates, and clay-slates, which are cut by 
granites, and it is therefore called the granitic group of motamorphics. 
The second group, the slates and quartzites, include micaceous and 
talcose schists, while the intrusive rocks are syenites and the group is 
therefore called the syenitic group. The syenitic group rests uncon
formably below the carboniferous rocks, the latter containing fragments 
from the former. These are seen at numerous points. Both of these 
groups of rocks are regarded as belonging to the fossiliferous series, 
the syenitic group being Silurian. The granitic group is probably 
older than the syenitic, and therefore also Silurian or pre-Silurian, 
but the actual superposition of the beds of the two groups were not 
observed. 

DAWSON (SIR WILLIAM),48 in 1855 and 1868, places in the Upper Silu
rian large areas in the northern and eastern parts of cape Breton as well 
as other smaller areas; large areas · in northern Nova Scotia, and in 
southern Nova Scotia northwest of the gold-bearing se~ies. The rocks 
have been subjected to · great disturbances and are much complicated 
in structure. They include many varieties, syenite, porphyry, green
stone-slates, quartzites, conglomerates, and sandstones. Large areas of 
granitic rocks are also found associated with the metamorphic series 
referred to the Upper Silurian. 

The Lower Silurian covers a very large area along the Atlantic coast 
of Nova Scotia known as the gold-bearing series. This area has affor(led 
no fossils but appears to be a continuation of the older slate series of 
Jukes of Newfoundland wh\ch contain Paradoxides. .Among the met
amorphic rocks of this region are gneiss, mica-slate, quartz-rock or 
quartzite, and clay-slate. The gneiss is unquestionably the product of 



240 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86, 

metamorphism due to the baking of sedimentary rocks by heat and water, 
while quartzite conS'ist~ of grains of flinty sand fused together. Tl1e 
prePbnderant rocks are thick bands of slate and quartzite having a 
general northeast and southwest strike and highly inclined. Whether 
the mica schists and gneiss of cape Canso, and Queen's and Shel
burne counties, and the chloritic beds of Yarmouth are to be regarded 
as more metamorphosed members of the Lower Silurian slates or are 
8till older deposits remains uncertain. Granite is found in several 
places in the region in large masses projecting through the slates and 
quartzites, and adjacent to the granite these rocks are replaced by 
gneiss and mica-slate or other more highly metamorphosed rocks. The 
metamorphism of the rocks must have occurred prior to the Carbonifer
ous period, and there is no doubt that the granite rocks have been the 
agent in effecting it, if they are not themselves portions of the strati
fied beds completely molten and forced up by pressure against and into 
the fissures of the neighboring unmelted rocks. Whatever view is 
taken as to the age of the granitic rocks, it is certain that they are 
strictly Hypogene, that is, they belong to deep-seated foci of subter
ranean heat and are not superficial products of volcanic action, but 
were probably at one time deeply buried. 

CAMPBELL/9 in1863, divides the gold-bearing slates into a lower or 
quartzite group and an upper or clay slate group. 

HIND, 5° in1869, finds in the Waverly beds of the gold-bearing rocks 
obscure fossils, which are reganled as evidence that these rocks prob~ 
ably lie near the base of the L·ower Silurian, perhaps being the equiva
lent of the Potsdam or lower part of the Calciferous. 

HIND, 51 in 1870, describes the series of gneissic and granitic rocks 
which are said to extend as an interrupted axis from the Gut of Canso 
to the .rrusket islands. These have heretofore been regarded as erup
tives, because dikes of granite are frequently found in the quartzites 
which are supposed to be Silurian, and also fragments of quartzites and 
states are imbedded in the granites near the contacts. It is, however, 
ooncluded that the granite is a sedim'el),tary deposit resting unconform
ably below the slates and quartzites. The chief proof of the aqueous 
origin of the granitic rocks is the abundance of water-worn pebbles and 
bowlders, and this not only near the junction of the quartzites but 
remote from these rocks. These pebbles are symmetrically arranged, 
showing the dip of the gneiss. They are often smooth and rounded, 
but masses of schists are also contained which do not present rounded 
edges. The granites or gneisses are seen to break through the gold
bearing series in many places, but they are regarded as brought up by 
faulting; but in certain places on the line of the Halifax and Windsor 
railroad the gneisses were in a plastic state when the uplift took place, 
for veins are found squeezed into the cracks and interspaces of the 
thinly bedded gold,bearing rocks. 

The sequence of formations is Upper Silurian, Lower Silurian, Cam-
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brian or Huronian, and Laurentian. The Upper Silurian is a series of 
argillites estimated at 9,000 feet thick. The Lower Silurian consists of 
micaceous, schistose and corrugated black slates, and are estimated to 
have a thickness of from 12,000 to 15,000 feet. The gold-bearing Silurian 
rocks are seen to rest unconformably on a gneissoid series between Still
water and Uniacke station on the Halifax and Windsor railway, and 
near the village of Sherbrooke, in Guysboro county. This series of 
Huronian rocks is composed of beds of gneiss, interstrati:fied with mi
caceous schists, schist-conglomerate, beds of true quart,zite, and grits. 
The gneiss is sometimes porphyritic, and the upper beds are almost 
always conglomeratic, holding pebbles and masses of sGhists, grits, aud 
conglomerates, which are 1ound iu this series. This older series rests 
unconformably upon the Laurentian. The contacts are visible on the 
Windsor and Halifax railway, near New Stillwater and Mount Uniacke 
stations. The gold-bearing Silurian strata ar~ also found to repose un
conformably upon the Laurentian. This contact is also observed near 
Mount U niacke station. 

SrLLhiAN,52 (year unknown), finds that the gold-bearing rocks of Nova 
Scotia extend along the Atlantic coast for 250 miles, from cape Sable 
to cape Canso. These rocks are hard, slaty Bnes, which are sometimes 
micaceous schists, and occasionally granitic. When stratified they are 
always found standing at a, high angle, sometimes almost vertical, and 
in the main with an east and west course. The zone of metamorphic 
rocks varies in width from G to 8 mile::) at its eastern extremity to 40 
or 50 at its widest part, the area covered being about 6,000 square 
miles. While no fossil evidence has been found in any of these slates, 
opinion seems to favor the belief that they belong to the Silurian age, 
but as yet no place has been found where the rocks next higher in the 
geological column may be seen resting upon them. The most notice
able rock of the gold region is a dark gray massive rock, resembling 
a trap, but which is really a granular quartzite. It has three well 
defined planes of cleavage by which it breaks into very irregularly 
shaped masses. This rock is of enormous thickness, and is undoubt
edly the fundamental or basement rock of the region. 

LoGAN and HARTLEY, 58 in 1870, describe felsites, quartzites, con
glomerates, and slates, adjacent to the Pictou coal fields, which are 
pre-Carboniferous, and are placed as probably of Devonian age. 

SELWYN,54 in 1872, in studying the gold-bearing slates, agrees with 
Dawson that iliey belong to the Primordial-Silurian epoch. As evi
dence of this is given the discovery in the slates of Oven's bluffs of 
numerous specimens of the genus Eophyton. 

The granite impresses this author as of strictly indigenous character, 
and neither a granitoid gneissic series of Laurentian age nor an intru
siye mass. The line of contact with the Silurian and Devonian leaves 
no doubt of its posterior origin, but whether intrusive <lr metamor
phic in situ is perhaps uncertain.. 

Bull. 86-16 
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RoBB, 55 in 1876, finds that a massive syenite and associated crystal
line rocks have a quite widespread distribution in cape Breton. At 
some points the Carboniferous rocks are brought in contact with the 
syenite, but generally there are interposed metamorphic calcites, argil
lites, and quartzites associated with dolomites, and other magnesian 
rocks, which are in a vertical or highly inclined position, and evidently 
belong to a pre-Carboniferous altered sedimentary series. The junction 
of the pre-Carboniferous limestones with the syenite is approximately 
parallel to the mountain range, but is locally irregular, and in some in
stances the limestones seem to fill depressions in the syenite. The 
Lower Carboniferous rocks in places rest directly upon the syenite, fill
ing the hollows in it, and have basal conglomerates, the debris of which 
is derived from the overlying syenite, limestone, and quartzite. 

FLETCHER/6 in 1877, finds in cape Breton, below the Silurian rocks, 
first, a set of syenitic, gneissoid, and felsitic rocks; and second, the 
George river limestone series, consisting of crystalline limestones and 
dolomites, interstratified with felsite, syenite, diorite, mica-schist, quartz
ite, and quartzose conglomerate, both of which are referred to the 
Laurentian, although the latter may be Huronian. The Lower Silu
rian shales lie nearly horiz~ntally upon the syenites and felsites without 
any appearance of alteration and without being intruded by the felsites 
or syenites. The crystalline limestone series is in close affinity with 
the fcldspathic group of rocks, but is distinct, as is shown by the oc
currence of pebbles of syenite and felsite in the quartzose conglomerate 
of Murphy brook. 

FLE1'CHER, 57 in 1878, continues his study of the pre-Cambrian of 
cape Breton and northern Nova Scotia. The George river limestone is 
bounded upon both sides by coarse syenitic and granitic rocks and is 
in apparent conformity with them. 

DAWSON58 (Sir WHliam), in 1878, places the rocks of the Bloisdale 
hills in cape Breton as older than the Lower Silurian, and it is not im
possible that rocks of the same age may occur in the vicinity of the 
Cambrian beds at Mire. Also the chloriticrocks of Yarmouth may con
jecturally be placed with the Huronian. With the exception of the 
rocks of St. An,ns mountain, of the island of St. Paul, and some parts 
of northern cape Breton, no rocks are found which aPe regarded as 
lithologically equivalent to the Laurentian of Canada. 

FLETCHER/9 in 1879, describes the pre-Primordial rocks as occupying 
two large areas, one constituting the Mira hil1s, while the other is a belt 
of variable width along the shore of the Atlantic. There are two 
b~sins of metamorphic rocks running parallel to the felsite series, one 
of which abounds in Primordial fossils and the second probably of 
Devonian age. The latter contains masses of granitoid and trappean 
rocks. 

FLETCHER, 60 in 1881, in continuing his studies in northern Nova 
Scotia, again divides the pre-Cambrian rocks into two groups. In the 
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first, or felsitic group quartzites are also found intimately intermiugled. 
The George river limestone series is considered as an unconformable 
overlying group of pre-Cambrian age. The limestones in every case 
cap the felsites, with which, however, they often seem to blend near 
the contacts as if by a common metamorphism. As evidence of this 
unconformity are cited the occurrences of limestone in a higher position 
than the syenites and felsites; the irregular line of contact by which the 
syenite passes under the limestone; and the absence of veins and dikes of 
syenite in the limestone. The rocks are sometimes intricately mingled, 
as at Dallas brook, where layered felsite, limestone, and slate are met 
with, while on the top of the hill limestone occurs, and farther back 
syenite, displaying a coarse admixture of :finely foliated gneiss. In some 
localities the syenite begins abruptly as if cutting vein-like across the 
strike of the gneiss; in others the change from syenite to gneiss is 
gradual. The gneiss is associated with large masses of white quartzite. 
Metamorphic rocks are described which are referred to the Devonian, 
but the evidence is so slight that it is concluded that all of these strata 
may belong to an older period. Between them and the pre-Cam brian 
series there is a marked unconformity, and also one of .less importance 
between them and the Carboniferous. 

FLETCHER, 61 in 1885, :finds that in northern cape Breten the syeuitic, 
gneissoid, and other feldspathic rocks of the Lower pre-Cambrian group 
are intimately mingled on the Margaree river with foliated rocks. At 
Coinneach brook, where the syenite comes in contact with the contorted 
mica.scbist, the latter is seen to underlie the syenite. Higher up the 
syenite again appears and contains a layer 5 feet thick of mica-schist 
which is, as it were, intruded among the syenites. Red granite over
lies unconformably the strata of the George river limestone group at 
Fionnar brook. 

GILPIN,62 in 1886, describes the pre-Cambrian rocks of cape Breton 
as including a felsite series and a crystalline limestone. series, both of 
which are referred to the Laurentian, and the latter unconformably 
overlying the former. With the felsites and interstratified porphyries 
are also syeni~ic and gneissic rocks; while the crystalline George river 
limestone also contains interstrati:fied with the limestones, syenites, 
diorites, mica-schists, quartzites, and quartzose conglomerates. The 
limestone area is limited in extent as compared with the felsite group. 

FLETCHER, 63 in 1887, further describes the pre Cambrian rocks of a 
part of northern Nova Sco t.ia. The crystalline rocks here foun< l resem
ble none known as Cambrian in other parts of Nova Scotia, and are 
strikingly like those beneath the Upper Cambrian in cape Breton. 
Although they are certainly known to rest unconformably below the 
Cambro-Silurian strata, a part of all of these rocks may be Cambrian 
or even Cambro-Silurian. Similar gneisses and schists in southern New 
Brunswick have been included by Bailey in his Cambro-Silurian series. 
Volcanic rocks, both basic and acid and varying in age from pre-Cam
brian to Devonian, or even Carboniferous, are abundantly found. 
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FARIBAULT, 64 in 1887, reports on the gold:bearing area of southern 
Nova Scotia. These rocks occupy 6,000 or 7,000 square miles. They 
are divided into a granitic division and a lower Cambrian division. 
The lower Cambrian rocks include quartzites, clay-slates, and con
glomerates, and are estimated to have a thickness of 15,000 feet. 
These rocks, always greatly altered, are much more so when cut by 
masses of granite, and over considerable districts have been rendered 
thoroughly crystalline, the quartzites passing into :fine gneissic rocks, 
and the mica-slates into mica-schists. Following Campbell, they are 
divided into a lower or quartzite group, 11,000 feet thick, and an upper 
or graphitic and ferruginous slate group, about 4,000 feet thick. The 
:first of these, while in the main quartzite, is interstratifi.ed with 
numerous bands of slates and one or two of conglomerate. The Cam
brian rocks are greatly disturbed from their original horizontality, 
being folded into a series of sharp parallel undulations. I:a the 
more altered portions the planes of bedding are not easily distin
guished from those of slaty cleavage, the latter often being more dis
tinct. The rocks are referred to the Cambrian upon the evidence of a 
single fossil, E~phyton. The group is analogous in some respects to 
Lawson's lake of the Woods series. The granites are found to cut the 
Cambrian rocks at many places, and at times are associated with 
gneisses. At the edge of large masses the granite frequently passes 
into a foliated schistose rock, losing its crystalline texture, and itself 
passing insensibly into the altered sedimentary rocks. 

DAWSON (SIR WILLIAM)65
, in 1888, places the isolated rocks of St. 

Anns mountain in the lower Laurentian, and regards it as probable 
that rocks of this kind exist in the northern extremity of the island. 
In Nova Scotia proper no true Laurentian is recognized, the rocks here 
referred by other observers being intrusive granite masses of much 
later date associated with altered rocks. 

SUMMARY OF RESULTS. 

In Nova Scotia and Cape Breton, as in southern New Brunswiek, is 
a great variety of eruptive and intrusive rocks, both basic and acid, and 
of varying age. It is also plain that there is to be here included con
siderable masses of rocks which were in early days referred to the Lau
rentian. The intrusive character of the granites was appreciatgd by 
Jackson as early as 1832. Since that time the only observer who bas 
not agreed with this conclusion is Hind, who strongly maintains that 
they are metamorphosed sediments. His facts, however, clearly dis
tinguishable from his theory, point to an eruptive, origin of the granite. 
The chief fact cited in favor of their being water-deposited rocks is the 
presence of roundish fragments of slates, quartzites, and schists remote 
from the contacts with these rocks. All the other facts given by him
i. e., the irregular fashion in which the grap.ite veins intrude the schists, 

. tlle abundan~e of la!ge a~guJar fr~gments~ of. these schists and slates 
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adjacent to the sedimentary rocks-are better explained by regarding 
the granite as intrusive. The natural explanation of the rounded bowl
ders remote from the contacts is that they represent partially absorbed 
pieces of these rocks. The evidence given by Dawson as to the struc
tural relations of1the granite and the manner in which the granite fades 
off into the slates, mentioned by Faribault, is wholly conclusive as to 
the intrusive O)'igin of a portion of the granites. The relations thus 
described by Faribault are precisely like those which obtain between 
the granites and intruded meta.mo:r;phosed schists in the Black hills 
and about Rainy lake and lake of the Woods. 

While it is thus certain that large areas of granite and felsite are in
trusives of later age than the rocks which are certainly of clastic ori
gin, it does not follow that a portion of the felsites, porphyritic gneisses 
and granites are.not of earlier, age than any of the plainly clastic rocks. 

It is of interest to note that while Dawson insists that all of the 
gra.nites o.f Nova Scotia proper are of truly Hypogene origin of later 
age than the sedimentaries, that be suggests that it is not improbable 
that th~ have themselves been produced by the actual fusing of these 
sedirnentaries. This hypothesis is the same as that proposed by Law
son many years later to explain analogous phenomena between the 
gTanites and gneisses and the associated schists and clastics of Rainy 
lake and the lake of the Woods. 

In considering the positions and successions of the plainly clastic 
rocks of cape Breton and Nova Scotia, we have two geological prov
inces: i;he first including northern N qva Scotia and cape Breton, which 
is analogous to southern New Brunswick; and, second, the main part 
of Nova Sc0tia, south of . the line running from Minas basin to Cheda
bucto bay. 

In the second of these regions, aside from the granites, the only area 
that is of interest in connection with our study is the gold-bearing At
lantic coast series. Dawson in 1850 places this as Lower Silurian 
or pre-Silurian. Later, In his Acadian Geology, it is classified as 
Lower Silurian, although it is stated that no fossils are found in them. 
Later it was placed by Faribault as Lower Cambrian. The only 
evidence cited by him for placing it in the fossiliferous series at all 
is the p1·esence of the obscure fossil Eophyton, discovered by Selwyn. 
Dawson found no fossil evitlence for his reference of this series to the 
Silurian; and it is remarked by Silliman that immediately overlying 
rocks containing fossils have never been found. Although Hind in 
1870 says that the fossiliferous Upper Silurian conformably overlies the 
gold-bearing series2 this statement has been found nowhere else and 
subsequent observers have not repeated it, so that it may be considered 
very doubtful. 

It is then clear that the pos~tion of the gold-bearing slates in the 
Lower Silurian or Lower Cambrian is purely provisional. They can 
only be considered as certainly belonging here under the premise that 
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we are to place in the Cambrian all rocks which contain well recognized 
fossils or show the evidence of life. Similar reasoning would place in the 
Cambrian a large part of the rocks which have heretofore been rcfcned 
to the Animikie and the Huronian in the lake Superior region. This 
question is more fully discussed in another place. We lmow positi rely 
only that the gold-bearing series is pre-Carboniferous, as the Carbonifer
ous rocks are the oldest found in contact with the former. Between 
these two is a great unconformity. How mnch time this break repre
sents we have at present no means of judging. 

Dawson is uncertain whether the more crystalline mica-schists and 
gneisses, which have a somewhat widespread occurrence in southern 
Nova Scotia, are to be regarded as older than the gold-bearing slates. 
Hind, in 1870, maintained that a set of older schists and gneisses lie 
unconformably below the slates on the Windsor and Halifax railway. 
Not only this, but that this set of schists and gneisses is unconformably 
above another series which he referred to the Laurentian. As no sub
sequent observer has mentioned the first of these unconformities, and 
as it occurs at so readily accessible a place, it may well be considered 
doubtful whether the facts were rightly interpreted. As suggested by 
Faribault, it does not appear at all improbable that the gneisses asso
ciated with the gold-bearing slates are due to dynamic and contact 
metamorphism of the intr:uding granite. The coarsely crystalline rocks 
which Hind referred to the Laurentian are certainly the series which 
Dawson and other observers regard as later granitic eruptions, and the 
unconformity mentioned is perhaps an eruptive un~onformity. 

In northern Nova Scotia and in cape Breton, among the rocks referred 
to the pre-Cambrian there is a great variety of rocks both eruptive and 
sedimentary. The sedimentaries are frequently much more metamor
phosed than are the gold-bearing series of Nova Scotia. With com
mendable caution Robb, in 1876, only says of this older series that it 
is pre-Carboniferous. Later, Fletcher, on lithological grounds, corre
lated it with the Laurentian of Canada, and, like the original area of 
the Laurentian, the Ottawa rocks, he divided it into an Upper and 
Lower Laurentian, the lower consisting of various massive and lamina
ted rocks all presumably of igneous origin whatever theh· age, and the 
upper series, including all limestones, sandstones, slates, conglomer
ates-that is, all which are certainly clastic in character. Associated 
with this upper series are eruptives of the same character as those found 
in the Lower Laurentian. 

These two parts of the Laurentian were first described as in appar
ent conformity, but in1881 Fletcher describes them as probably uncon
formable. The detailed evidence for this conclusion it has not been 
pm;sible fully to give in the foregoing summary, but a close scrutiny of 
the evidence seems to point more strongly toward the later intrusive 
character of the so-called Lower Laurentian. The lines of contact be
tween the Lower and Upper Laurentian are very irregular, and in geu-
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eral are found at a lower. level than the U11per Laurentian, but both of 
these would be true if the Lower Laurentian were intrusive. The man
ner in which the syenite passed into the foliated gneiss, and the foliatP(l 
gneiss into the ordinary schist associated with the clastics at D:11las 
brook, appear to indicate the intrusive character of the snpposed Lower 
Laurentiari at this place. It is very strange that basal conglomerates 
have not been found in the upper series wllich bear fragments of the 
underlying one, if the former is really newer and unconformable. The 
interstrati:fi.edsyenites, diorites, etc., placed with thelimestone series are, 
without question, igneous rocks. So that there can be no doubt tlmt 
many rocks of the same character as the so-called Lower Laurentian 
are igneous and later than the clastic series, which makes it probable 
that much of this so-called lower series is of the same age. While all 
of this is true, as before remarked, it is not certain that a portion of 
the so-called Lower Laurentian may not be of greater age than the 
clastic Upper Laurentian rocks. 

The gold-bearing series referred to the Cambrian in southern Nova 
Scotia are nowhere found in contact with the pre-Cambrian of northern 
Nova Scotia and cape Breton. As has been said, we only know that 
the gold-bearing slates are unconformably below the CarbonifcronR. Tl1 e 
supposed pre-Cambrian rocks of northern Nova Scotia and cape Breton 
arc known only to be unconformably below the Cambro-Silurian. In 
this district not only are the igneous rocks apparently more abuud::mt 
than in southern Nova Scotia, but the folding is of a more intrieate 
character. So far as one can see,' there is no evidence that the clastic 
series to the north is not of the same age as the Atlantic coast gol<l
bearing series, being, perhaps, more metamorphosed because of the fold
ing and presence of eruptive rocks. 

Summing up, it can only be said that all of the clastic rocks of Nova 
Scotia and cape Breton, so far as we have any positive evidence, may 
belong as high as Cambrian, as stated by Fletcher in his later work, or 
may be of pre-Cambrian age and the equivalent of certain one or more 
of the pre-Cambrian series. 

SECTION VI. NEWFOUNDLAND. 

LITERATURE. 

JUKES/6 in 1843, divides the lower formations of Newfoundland in 
descending order into an upper slate formation, a lower slate forma
tion, and a gneiss and mica-slate formation. The igneous rocks con
sist of various kinds of trap, greenstone, serpentine, hypersthene, p~r
phyry, syenite, and granite. The upper slate formation is believed to 
be lower than the coal formation, although nowhere found in contact 
with it. The thickness of the upper slate must be many hundreds of 
feet. In one instance beds of upper slate rest unconformably upon 
those of the lower slate formation. The mica slate and gnei~s or quartz 
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rock, chlorite slate, and primary limestone occur together. Nearly the 
whole of the province of Avalon is composed of the lower slate forma. 
tion. On Conception bay at sevetal places beds of variegated slate 
overlap and cover the edges of the lower slate in a perfectly uncon
formable position. 

On Newell's island the junction of the gneiss and mica-slate with the 
granite is found. The mica-slate in approaching the granite becomes 
more crystalline and gneiss-like in certain layers. On continuing to 
approach the granite there appear thin beds of granite, which are not 
veins from the granite but an integral part of the beds. The granite 
becomes more abundant in getting toward the main mass of this rock, 
the alternations increasing in frequency, until after passi11g over the 
edges of many beds, the red and flesh-colored, perfectly crystalline 
granite, with no appearance of any lamination or bedding whatever, is 
imperceptibly reached. In the granite itself, for some distance from 
the junction, nodular masses of black rock, consisting of minute scales 
of mica were observed. In other places the mica-slate and gneisses 
alternate with each other and are cut by distinct granite veins. 

The cleavage of the slate rocks is frequently parallel to the planes of 
stratification, but often outs them at all angles. The strike of the 
cleavage is in a great majority of instances parallel to the strike of the 
beds, but not invariably so. The cleavage is much more eonstant as 
regards its strike and dip than is the strike and the dip of the beds. 
The dip of the cleavage is never at a less angle than 45°, while in the ma
jority of instances it is nearly perpendicular. Its strike was-not in any 
instance found to vary more than 10° or 15° from a NNE. and SSW. 
bearing. Certain of the granites are newer than the mica-slate and 
gneiss. Also some of the porphyritic granite is more modern than some 
of the shales. In other cases the red igneous rock, generally the syen
ite, is in all probability one of the oldest rocks in the country, as no 
veins were observed to proceed from it into the adjoining formations, 
and a rounded pebble of a precisely similar rock is found in a bed be
longing to the older slate formation in Great Placentia. 

MuRRAY,67 in 1865, describes the geology of the northeastern part of 
Newfoundland. Here is found a Laurentian group, which consists 
mostly of gneisses, but contains in places layers of mica-slate and whitish 
quartzite. These rocks are placed in the Laurentian because they have 
a lithological resemblance to the Laurentian of Canada, and because 
they are covered unconformably by the Lower Silurian strata. No crys· 
talline limestones such as are associated with the Laurentian of Canada 
a~ found interstratified with the gneisses. The rocks of the overlying 
Potsdam and Quebec group are fossiliferous. 

MuRRAY,68 in 1868, gives an account of a part of the coast of Notre 
Dame bay. A section of rocks in this locality consisting of slates, 
quartzites, dolomites, with various eruptives, is referred in part to the 
Quebec group. Among the intrusives are syenite and diorite. .A.t 
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Lascie harbor the rocks are mainly gneiss, resting uncomformably upon 
which is a great mass of unstratified quartzite. 

MURRAY, 69 in 1868, treats of the peninsula of A val on. Here is found 
a gneiss which is referred to the Laurentian. Intermediate between 
this gneiss and the Lower Silurian strat~ .is a great thickness of slates 
and quartzites, which are referred to the Huronian. Resting uncon
formably upon these rocks are others containing Potsdam fossils. 

In the Laurentian are placed the gneisses of Conception bay, the 
masses of gr~nite, syenite, and porphyries of St. Johns peninsula cle
scribed by Jukes, and the granites of Placentia bay and Sound island. 
These rocks are like those referred to th~~aurentian in the great north
ern peninsula. The intermediate system consists of diorites, quartzites, 
slate conglomerates, slate and sandstone, the whole series in ConceP'" 
tion bay being over 11,000 feet thifJk. This series resembles lithologi
cally the Huronian system of Canada in a high degree, although it may 
be admitted that lithological relations are of secondary importance in 
correlating rocks which are remote from each other; In one member of 
the group is a fossil, designated as Aspidella, of a low order of existence, 
which leads to the conclusion that the system is probably Cambrian. This 
series of rocks occupies by far the greater part of the peninsula of Ava
l on. The lower rocks in all cases pitch at a very high angle to the hori
zon, the prevailing inclination being to the eastward, while the upper 
formation, except where disturbed by eruptives, is ei.ther in a perfectly 
horizontal attitude or only slightly inclined. The lower series is also 
marked for its general absence of lime, while the upper formation is 
nearly all more or less calcareous. Further, the Potsdam rocks were 
found to overlie uncomformably the lower slates at Manuels brook and 
at Brigus South Head. The Nova Scotia gold-bearing rocks are litho
logically like the system referred to the Huronian in Newfoundland, 
although they have been referred to the Lower Silurian. 

MuRRAY,70 in 1870, finds the rocks of Bona vista bay to consist largely 
of slates, siate-conglomerates, quartzites, and diorites, intersected by 
intrusive granite or syenite, trap, and quartz veins. This series has 
such a close lithological resemblance to the intermediate system of 
Avalon that there is no doubt of their identity. These rocks also occur 
between the gneiss and the Paleozoic formations of Trinity bay. 

HOWLEY, 71 in 1870, describes sundry parts of the coast. The rocks 
of cape Ray and the extreme head of Conception bay are of a gneissoid 
character. Granite, syenite and trap are interbanded wjth quartzite. 
Upon Great Miquelon island is found gneiss, supposed to be of Lauren
tian age. Greenstones and granite break at various places through the 
stratified rocks. 

MURRAY,72 in 1873, gives a further account of the Avalon peninsula. 
The line of contact between the Huronian and more recent rocks in 
Trinity bay is obscure and difficult to detect, and here Aspidella is very 
useful in deciding to which series the rocks belong. The rocks on the 
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west coast of Trinity bay are correlated with the Huronian on litholog
ical evidence. The rocks h~re are in some respects different from those 
on St. Johns peninsula, but this difference seems to be due to the in
tense volcanic activity which has affected the western part of A val on. 
Dikes of various kind intersect the formation, and the strata are in 
places volcanic conglomerates, volcanic ashes, etc. The rocks of Brigue, 
described in the report for 1868, are found to contain several beds which 
are crowded with A.spidella. 

MURRAY1
73 in 1873, finds gneissic rocks at several localities in St. 

Georges bay. .Associated with these are labrad.orite and other anortho
site rocks which belong to the upper Laurentian system. .Also, on the 
Great Codroy river is found white crystalline limestone with graphite, 
which is regarded as a further indication of the presence of this divi
sion of the Laurentian. 

MuRRAY1
74 in 1875, finds on Gander lake micaceous slate, fine grained 

granite, and gneiss, which are correlated with the Laurentian gneiss of 
Bonavista bay. 

YOWLEY,75 in 1877, further examines Gander lake and river and finds 
chlorite-slates, diorites, and mica-slates which contain no organic remaii1 s, 
and which on account of their lithological character and the serpentine 
they contain are provisionally placed with the Quebec group. Upon 
the upper Gambo pond an,d Riverhead brook are found sandstones and 
quartzites which at some places pass almost impereeptibly into gneiss, 
which rocks, wi.th the associated micaceous slates, are provisionally 
placed with the Huronian. 

HoWLEY,76 in 1882, further describes the intermediate system of Hu
ronian rocks. These metamorphic rocks occupy the greater part of the 
peninsula of .A val on. They rest upon a nucleus of Laurentian gneiss 
and are succeeded by fossiliferous beds of the Primordial age which 
skirt the shores of the bays and are found to rest unconformably on 
the basset edges of the apturned and altered Huronian, and occasion
ally in contact with the still older Laurentian. The intermediate rocks 
are found to be gently folded so that the same strata are repeated sev
eral times. .Associated with these Huronian rocks are trappean beds 
and volcanic ash. Contained in them are found two fossils, Aspjdella 
terranovica and A.renicolites spirales. This latter fossil is said tooccur 
in the Primordial rocks of Sweden. These fossils give important 
assistance in the ready recognition of the Huronian. The gneissic 
rocks which have been described as being members of the Laurentian 
system protrude through the Huronian strata by which they are sur
rounded. Cutting the Huronian rocks is found a series of granitoid 
and other plutonic rocks which obliquely intersect the eastern part of 
the peninsula, including the Laurentian gneiss. .A second great igne
ous intrusion cuts all of the rocks of the western part of the peninsula, 
including the Potsdam sandstone. The intrusions of the eastern pe
ninsula are taken to be of older date than the trap of the western penin-



A.AN HISE.] EASTERN CANADA AND NEWFOUNDLAND. 251 

sula, although probably later than Huronian, as the former is never 
found to cut the Potsdam sandstone. 

W ALCOTT,77 in 1889, corroborates the unconformity between the 
series referred by Murray to the Huronian and the overlying series 
called Potsdam. This latter is found to contain the Olenellus fauna 
below the Paradoxides and is placed as lower Cambrian. 

SUMMARY OF RESULTS. 

The reports of Jukes and Murray are far more complete as to the 
geology of the peninsulit of Avalon and the district immediately to the 
west than they are of the great northern peninsula. The map of this 
latter area is greatly generalized. 

The unconformity described between the Upper and Lower slate of 
Jukes is evidently the same as that found by Murray between his Pots
dam and Huronian. The Potsdam was later determined by Walcott to 
be basal Cambrian. 

It is perfectly clear that in Newfoundland, and particularly in Avalon 
and southeastern Newfoundland proper, is a great series of fragme:n
tal rocks unconformably below a series bearing the Olenellus fauna. 
This series is of great thickness, probably more than 10,000 feet. In 
certain layers it carries obscure fossils which, according to Walcott, are 
of an earlier form than those of the Cambrian. It then follows that in 
this region we have a pre-Cambrian series of rocks bearing a small fauna 
of a rudimentary type. This result is very important as giving a start 
toward a fauna which, whatever the series in which it is found shall be 
called, is greatly older than that now recognized as basal Cambrian. 
Whether the series shall be called Huronian, as is done by Murray, de
pends upon the definition of that term. If all pre-Oamhrian clastic 
series are to be placed in the Huronian, this series can be said to belong 
to that age, but if only those rocks are to be here placed which are the 
equivalent of those referred to that term on the north shore of lake 
Huron, we have as yet no means of determining whether theN ewfound · 
land series is Huronian or not. 

The relations of the series referred to the Huronian with the granites, 
gneisses and schists which are placed with the Laurentian are far less sat
isfactorily known. Nowhere is anything said as to any structural breaks 
between these two series, and evidently the lines between the so-called 
Laurentian and Huronia~ are based upon a very general study. Jukes, 
Murray and Howley agre~ that in A val on and in other parts of Newfound
land are large areas of eruptive rocks, including both basic and acid kinds, 
whichcutthevarioussedimentaries. Murray does not find that the Cam
brian of Avalon is cut by granites and porphyries, but, according to 
Jukes, in other parts of Newfoundland this is the case. However, both 
basic and acid eruptives, including granites, syenites and porphyries. 
are found to cut in the most intricate manner the pre-Cambrian sedimen
taries, and as a result of this, this series is found to be more than usually 
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m-Qtamorphos~d in the area between Trinity and :J3onavista bays. The 
peculiar manner in which the granitic rocks vary into the slates by 
gradual interlaminations, combined with the occurrence of fragments 
of, the schists within the' granite, so well described by J ukBs and cor
roborated by Howley, indicate that a large part af the rocks referred t(} 
the Laurentian are certainly intrusive, and that t11e more crystalline 
character of the clastic formations adjacent to nhem are due to meta
morphism. It is then by no means clear that within Avalon are ap_y 
rocks of sedimentary origin oL~er than the series referred to the Huro
nian, although the fact mentioned by Jukes of a single bowlder of syen
ite in the older slate series indicates the probability of a pre-Huronian 
syenitic or gneissic series. At present we. have, however, no m..~ans of 
judging what part of the rocks referred to the Laurentian are later in
trusives and what paFt, if any, are older than the pre-Cambrian clastic 
series. 

As to the rocks referred to the Upper Laurentian because of the pres
ence of anorthosite rocks and limestones, the question arises as to 
whether the crystalline limestones associated with the gneisses are not 
of later age than supposed, being perhaps more metamorph_osed. The 
associated anorthosite-that is, a probably eruptive rock-may be an 
explanation of this metamorphism. If the presence in N ewfoundlancl 
of a Lower Laurentian is doubtful, it is much more doubtful whether 
here an upper seil'ies of fragmental rocks has been shown_ tp exist which 
are older than the pre-Cambrian series referred to the Huronian. 

The observations made by Jukes as to the relations of slaty cleavage 
and bedding are of the greatest interest and importance. The strike 
of the cleavage is in a great majority of instances parallel to tlte strike 
of the beds, but not invariably so. The cleavage is much more con
stant as regards its strike and dip than is the strike and the clft> of tho 
beds. The clip of cleavage is never at a less angle than 45o, while in 
the majority of instances it is nearly perpendicular. 
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CHAPTER V. 

ISOLATED AREAS OF THE MISSlSSlPPI VALLEY. 

SECTION I. 1'HE BLACK HILLS. 

LITERATURE. 

H.A.YDEN/ in 1862, states that the nucleus of the Black hills consists 
of red felclspathic granites, with :stratified metamorphic Azoic slates and 
schists, upon which rests uncop.formab1y1 forming a zone around the 
ellipsoidal nucleus, a series of reddish ferruginous sandstones, which 
by their organic rem:tins are shown to belong to the Potsdam. In the 
Potsdam are found as pebbles the different varieties of the changed 
rocks beneath. 

H.A.YDEN,2 in 1863, describes the Black hills as an outlier of the Rocky 
mountains. They are formed of a granite nucleus surrounded by a 
series of Azoic highly metamorphosed strata standing vertical, and 
comprise slates, gneiss, syenite, quartzose and calcareous rocks. 

H.A.YDEN,3 in 1872, describes the Black hills as being the most com
plete illustration of an anticline not complicated by any other influences 
that he has found in the west. The nucleus is a massive feldspatltic 
granite with a series of gneissic beds outside of it, which incline iu 
every direction from this nucleus in a sort of narrow oval quaquaversal, 
and include all the unchanged beds known in this portion of the \:Vest 
from the Potsdam sandstones to the top of the Tertiary lignites. 

WINCHELL,4 in 1875, describes in the Black hills, below the Primor
dial sandstones and quartzites, a se:des of mica-slates and mica-schists 
which contain intercalated beds of quartz. These rocks often stand 
nearly vertical. In the neighborhood of the granite areas they are 
interstratified with beds of true granite, and with this granite is f(mnd 
tourmaline. The granite area is near the southern part of the hills aud 
of this Harney peak ma,y be taken as a center. 

NEWTON,5 in 1880, gives a systematic account of the Bhtek hills of 
Dakota. The Black hills is a geological area which is admirably cir
cumscribed. They consist of a nucleal area of metamorphic slates and 
schists containing masses of granite, about which is an inward facing 
unconformable escarpment of Potsdam sandstone and Carboniferous 
limestone which dip away on all sides from the axis of the hills. The 
Archean rocks as a whole occupy an area of about 850 square miles, 
being about 60 miles long and 25 miles wide at its maximum. At nu
merous points within the ·hills are centers of volcanic eruption of an ~ge 
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probably coincident with the elevation of the mountains. It is impossi
ble to estimate with any degree of accuracy the thickness of the Archean 
schists, as they are highly inclined and distorted, and in their present 
metamorphosed and denuded condition it can not be determined whether 
they are the remnants of several great folds or whether they are the 
broken strata of one vast fold, though the latter seems to be the more 
probable structure; in which case the total thickness of the Archean 
strata must be more than 100,000 feet, about 25 miles. The examina
tion showed no evidence of the duplication of any parts of the Archean 
strata, and it is presumed, if a repeated folding has taken place, that it 
did not occur within the area exposed in the hills. 

The Archean sedimentaries are divided into two groups, schists and 
slates. The schist:s include· quartzose, garnetiferous, ferruginous and 
micaceous varieties, together with some gneiss, chloritic, talcose, and 
hornblendic schists, and quartzite. The schists are occasionally stau
rolitic. The whole series is coarse in texture, highly crystalline, and 
contains seams or veins of quartz conformable with the stratification 
and having a lenticular form. The slates are distinguished from the 
schists mainly by their :fine and compact texture, although, as shown 
by Caswell, their ultimate mineral composition is similar. They are 
mainly micaceous clay-slate, siliceous slate and quartzite, which are 
sometimes associated with specular oxide of iron. On Box Elder creek 
is a ridge 400 feet in height, which is a vast deposit of siliceous hema
tite and resembles the siliceous hematites of the lake Superior region. 
The quartzites of the two classes are similar. The mica-schist passes 
into chlorite-schist, siliceous schist and quartzite. The schists of the 
soutl1ern part of the hills are associated with an area of highly feld
spathic granite which culminates in the region of Harney peak. On 
the outskirts of this district are many smaller masses of granite. So 
far as the structure was made out, each of the bodies has a lenticular 
shape and is intercalated among the strata of the schists. No granite 
is fottnd associated with the slate. The general strike of the rocks is 
uortlnvest and southeast. The topography shows that there is a series 
of ridges in this direction which mark the position of the particularly 
hard layers such as quartzites. The schists are found in the western 
and southwestern parts of the area and the slates in the east and north
east. 

Between these two groups Jenney noted a distinct discordance of dip 
on Castle creek, but in the absence of corroborative observations the 
unconformity of the two series can not be insisted upon. The division 
of the system into two series is then based on lithological differences 
purely and is warranted on this ground. The lithological difference is, 
however, more a mineralogical one than chemical, being probably due 
to a difference in metamorphism. The apparent discordance discovered 
by Jeuney, and this lithological difference, gives strong support to the 
view that the slate and schist periods were separated by an interval of 
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time between which there was erosion and metamorphism of the lower 
series. The granite is coarsely crystalline. It is concluded that, be
cause of the great amount of feldspar in the granite, because pieces of 
schist are inclosed in it without any transition, because the granite 
masses in the schist have a long lenticular shape, because of the coarse
ness and evenly granular character of the granite, and because there is 
never any transition between the schist and granite, the latter is 
an eruptive rock in the schists. That the Archean rocks were upturned 
and metamorphosed before Potsdam time is shown by the fact that the 
basement conglomerate of the Cambrian contains fragments of slate, 
schist, and granite precisely like the underlying rocks. 

Since the lithological character of the Black hills Archean is the only 
means of judging their affinities it should have some weight. The east
ern slate division bearing the lean ores are very similar to the Huronian 
rocks of the south shore of lake Superior and Canada. The western 
schist series containing granite masses differs from the Huronian and 
from the Laurentian in that gneiss, the most characteristic rock of the 
latter, is nearly lacking, so that no porrelations are made further than 
to call the slate series newer .Archean and the schist series older 
Archean. 

BLAKE/ in 1885, on account of the presence of staurolite in the 
Black hills schists, places these formations as the probable equivalent 
of the Coos group of Hitchcock in New Hampshire, and it is said that 
there is sufficient breadth of formation to i:J;lClude all the rocks from the 
Huronian to the Coos. 

0ROSBY,7 in 1888, finds that the two groups of Archean as mapped 
by Newton are quite sharply defined from each other. It is said that 
in the eastern series of slates are pebbles which have been quite cer
tainly derived from the harder rocks of the western series. The strike 
of the schists is found to curve around the granitic and gneissic area 
and the normal dip of the strata is away from this nucleal granitic 
mass. A conglomerate is associated with the quartzite of the eastern 
slate area, the pebbles of which have suffered extensive deformation.by 
compression. The granitic rocks of the schist area do not penetrate 
the slates of the newer series, although this is not devoid of eruptive 
rocks. The newer series of slates is correlated with the Taconian of 
western New England. The conclusion is reached that the granite, 
instead of being of eruptive origin, is pegmatitic. 

0ARPENTER,8 in 1888, states that the unconformity supposed to exist 
by N cwton between the eastern slate and westerl). schist series is sup
ported by an observation upon Spring creek east of Hill city. _._t\. huge 
dike of igneous rock a thousand feet broad in places is described as 
passing through the entire length of the eastern series. 

VAN HrsE, 9 in 1890, finds that the prominent structures of the Black 
hills, which have heretofore been taken as bedding, are secondary 
structures. As evidence of this is the fact that alternating bands of 
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sediments of different characters are seen to cut across the prominent 
lamination. Sometimes these belts are conglomeratic and the pebbles 
are deformed by pressure. The longer axes of the pebbles are parallel 
to the slaty or schistose structure, but the belts as a whole eut across 
this structure. The fact cited by Newt~n that there are persistent belts 
of quartzite parallel with each other also indicates duplication by fold
ing. The thickness of the .Archean is then unknown, instead of being 
more than 100,000, as supposed by Newton. The crystalline schists 
are in a broad zone about the granite area, striking parallel to it and 
dipping away from it, and in the northern hills there are great quan
tities of later eruptives. Granite is found in the slate area as mapped 
by Newton. 

A study of the boundary between the slate and schist series leads to 
the conclusion that there is a gradation from the slates to the schists 
r~ther than an abrupt change. The foliation of the schists about the 
granite is secondary and is caused by the contact and dynamic meta_ 
morphism due to the intrusion of the granitic rock. The effect has 
extended for several miles from the main granite area. The normal 
foliation of the slates and schists is north and south, and this was pro
duced by folding earlier than the intrusion of the granite. .About the 
granite area both sedimentation and this earlier foliation were de
stroyed and a more prominent newer foliation produced. .Also, in the 
northern part of the slates is a considerable area about Deadwood 
which is now as crystalline as the schist area of the south. This is 
taken to be due to the abundant later intrusives here found. We 
thus have in this region evidence of an original bedding which is nearly 
obliterated by a prominent slaty cleavage, and both of these have been 
wholly destroyed for considerable areas by a newer and more promi
nent schistose structure. The slates and schists can not then be di
vided into two series with the surface distribution and upon the litho
logical differences given by Newton. 

The mica-slates, mica-schists, and mica-gneisses are found to be 
clastic rocks, the processes of change from their original clastic con
dition to their present crystalline one being traced out. Associated 
with the clastic rocks are other green crystalline schists which are 
metamorphosed basic eruptives which. were probably intruded before 
the earlier folding of the slates. Corroborating Newton's conclusion, 
it is said that the Black hiHs rocks exhibit a remarkable lithological 
analogy to certain of the iron-bearing series of the lake Superior region, 
which in the past have been included under the term Huronian. While 
this correlation is not beyond doubt, there is no question that these 
series in common belong to the Algonkian. 

SUMMARY OF RESULTS. 

The summa_,ry of Newton's work is altogether unsatisfactory because 
of the very large amount of material contained in this report. The 
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descriptions in the original are condensed, and to include all which 
bears upon structural relations would greatly extend the digest given. 
In the light of the present facts it would seem that we have in the 
Black hills a set of slates and schists as yet of unknown thickness and 
undivided into series, although perhaps capable of subdivision by closer 
woik. These slates and schists have a prominent cleavage whi'<,h is 
independent of the structure. The different parts of the area vary in 
degree of crystallization, and this crystalline character is due to the 
intrusion of igneous rocks; but, unlike ordinary contact metamorphism, 
has extep.ded from the granitic areas for a distance of several miles. 
For the present we are obliged to consider the whole as a single series. 
In the alternating slaty and quartzose characters of the rocks; in the 
presence of siliceous hematite and a much folded condition, the present 
structures being in a vertical attitude, they more nearly resemble the 
Lower Huronian of the lake Superior region than any other rock series, 
but this is not sufficient warrant for the positive conclusion that the 
two are time equivalents. The correlation of the Black hills rocks with 
the Taconic on slight lithological evidence as is done by Crosby, or a 
part of them with the Coos group on account of the presence of stau., 
1·olite, can be considered as no more than guesses. 

SECTION II. MISSOURI. 

LITERATURE. 

KING, (H. V0 in 1851, states that the Primitive formation is met with 
near a point about 70 miles south of St. Louis and 30 miles west of the 
Misissippi. It consists chiefly of granite, syenite and porphyry, and rises 
in cone-like elevations or detached ridges to the height often of 1,000 or 
1,200 feet above the level of the Mississippi river. Its sides and valleys 
are frequently covered with sandstone and limestone in such quiet re
lationship as to show that their deposition has taken place since the 
Primitive rocks assumed the form they now have. It is not at all un
usual to find portions or fragments of the older rocks imbedded in those 
that are stratified. This occurs both in the lowest magnesian limestone 
and in the overlying sandstone. The Primitive rock is broken through 
by greenstone dikes which reach the surface of this rock, yet never 
penetrate the overlying sandstone, .At Iron mountain is a layer of 
specular oxide of iron, below which at one place is a stratified rock 
which may have been a modified granite. The iron-ore deposit is often 
in the form of pebbles of various sizes up to a foot in diameter. In the 
interstices of these pebbles is a reddish brown clay. The bed of iron 
in the thickest point opened is 20 feet. .At the summit of Pilot knob 
is an immense mass of solid ore which is associated with porphyry and 
appears to pass by insensible gradations into that rock. 

WHITNEY,u in 1854, describes Iron mountain and Pilot knob as 
localities in which are found eruptive ores of .Azoic age. Iron moun-

• 
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tain is a flattened dome-shaped elevation, composed of feldspathic 
porphyry. The surface of the mound is covered with loose pieces of 
ore, which is in some places in a layer at least 15 feet thick. Pilot knob 
is mainly composed of dark siliceous rock, distinctly .bedded, dipping to 
the south at an angle of 25o or 3oo. For about two-thirds of its height 
of 650 feet quartz rocks predominate. .Above that, iron is found· in 
heavy beds alternating with siliceous matter. 

Sw .ALLOW/2 in 1855, describes the granite, greenstone, and porphyry 
of Missouri as igneous rocks. Red feldspathic granite, sparingly 
micaceous, occurs in Sec. 15, T. 34 N., R. 3 E. Nearly all of the hills 
and ridges in the neighborhood of Iron mountain and Pilot knob are 
wholly or in part formed of compact reddish-purple feldspathic porphyry. 
The porphyry is one of the oldest rocks of the state, but no opportunity 
occurred for determining whether it is older than the granite, although 
there is no doubt that it is older than the greenstone, as the latter 
rock is said to occur in dikes in the porphyry. The porphyry is older 
than the stratified rocks of the region because they are found resting 
upon knobs and ridges of porphyry in a, position so nearly horizontal 
as to preclude the idea that they were deposited before the upheaval 
of the principal masses which form the hills. Whether the slates inter
stratified with the iron near the top of Pilot knob are older is not 
easily determined. 

SwALLOW, 13 in 1859, states that in one locality in Laclede and in one 
or two in Crawford county are granite dikes or ridges which rise 
above the stratified rocks. 

H.A.RRISON, 14 in 1868, describes two localities in Washington county, 
where between the horizontal limestone and the solid porphyry are 
conglomerates consisting of water-worn pebbles and bowlders all of 
porphyry, cemented together by a calcareous matrix. Interstratified 
with the limestone are also thin layers containing water-worn porphyry 
pebbles. It is therefore concluded that the porphyry hills existed as 
such before the Silurian hil1s were deposited. 

PUMPELLY, 15 in 1873, states that the .Archean (.Azoic) rocks of south
eastern Missouri form an archipelago of islands in the Lower Silurian 
strata which surrounds them as a whole and separates them from each 
other. They appear as knobs 1,400 to 1,800 feet above the sea, and 
rising 300 to 700 feet or more above the valleys. The rocks consist 
chiefly of granites and felsitic porphyries. They reach their most ex
tensive surface development in the region forming the northern part of 
Madison, Iron, and Reynolds, and the southern part of St. Francis and 
Washington counties. This series is the near equivalent in point of 
age to the iron-bearingrocks of lake Superior, New Jersey, and Sweden. 
The rocks overlying them belong to the oldest known members of the 
Silurian, but they may be the deep-seated equivalents of the Potsdam 
sandstone or even older. Before the deposition of the Silurian the por
phyries and granite had undergo-ne an enormous amount of erosion, an 

• 
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amount at least several time~ as great as they have suffered since that 
remote time. 

The surface of Iron mountain has disintegrated and decomposed in 
mass, the entire porphyry-hill being changed to a clay. Disintegration 
has often takeh place to a depth of certainly more than 50 feet in the 
granites of Madison county. The iron ore of Iron mountain is a resid
nary deposit, having its origin in the gradual removal of the existing 
crystalline rocks and leaving behind the iron ore. ./ 

Pilot knob is composed of more or less massively bedded porphyries, 
porphyry-conglomerates, and beds of hard specular ore. These strata 
strike N. 50° W., and dip on an average 13° southwest by south. The 
top of the knob consists of stratified porphyry conglomerate with a 
thickness of 140 feet. This rock is made up of small and large, more 
or less angular, pebbles of porphyry cemented together by iron ore and 
containing frequent layers and bodies of ore. At the base of this series 
is a great bed of ore divided into two parts by a thin slate seam. Im
mediately below the ore is porphyry, which continues to the base of 
the hill. 

The rocks forming the southwestern flank of Cedar hill are the exten
sion of the conglomerates and ore beds of Pilot knob. Manganese ores 
are found associated with the porphyritic rocks, and in Sec. 16, T. 33 
N., R. 2 E., in Reynolds county, the manganese ore is one of the mem
bers of a series of bedded 'porphyries. At this locality metamorphic 
limestone is one member of the porphyry series, but it is now by physical 
and chemical agents greatly changed from its original condition, and is 
very manganiferous. Another member of this same succession is a por
phyry-conglomerate or breccia, consisting of pebbles of red and com
pact porphyry containing grains ·of quartz and crystals of feldspar, and 
cemented by porphyry of a similar character. This rock resembles the 
Calumet-Hekla conglomerate of lake Superior. 

SCHMIDT,16 in 1873, also describes-the iron-ore deposits of Iron moun
tain, Pilot knob, Shepherd mountain, Cedar hiH, Buford hill, Big Bogg 
mountain, Lewis mountain, Cuthbertson bank, and Hogan mountain. 
The succession at Cedar hill includes slates of red-banded porphyry, 
stratified quartz-porphyry, slates of red porphyry, green porphyry, 
banded jasper, and jasper with specular ore. 

SHUM.A.RD/7 in 1873, states that granite is found in Laclede, Craw
ford, and Ste. Genevieve counties. 

BROADHE.A_D and NORWOOD, 18 in 187 4, describe granite and porphyry 
at numerous points in Madison county. On the west side of St. Fran-
90is river in the NW. -! of NE.! Sec. 33, T. 34 N., R. 5 E., there is an 
exposure of sandstone and conglomerate resting directly on the granite. 

HAWORTH,19 in 1888, states that the Archean area of Missouri covers 
• an irregularly outlined portion of no less than ten different counti0s and 
extends to the west as far as Texas county, to the north and northeast 
as far as Washington, St. Fran9ois and Ste. Genevieve; to the east 
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it passes through Madison county, and to the south nearly through 
\Vayne county, but olily a small portion of this territory is covered by 
Arcuean rocks. The rocks are the different kinds of porphyry, which 
predominate, granite, and dikes of diabase and diabase-porphyry. 
Numerous instances were observed where the stratified rocks overlie 
the massive ones and are nonconformable with them. Nowhere at the 
contact zone was metamorphosed limestone or sandstone observed. 
The granites, so far as observed, occur on low ground, while the hills 
are almost invariably composed of porphyry. At numerous places 
dikes of various sizes occur, sometimes in the granite and sometimes 
in the porphyry, and, as stated by Broadhead, sometimes in the sand
stone. :Qetailed descrip.tions are given of ~he granites, porphyries, and 
dike rocks. · 

HAWORTH, 20 in 1891, describes the crystalline rocks in the vicinity 
of Pilot knob, Missouri. These are chiefly porphyries, felsites, and 
breecias. These rocks are regarded as Archean in age, because there 
is no contact metamorphism between them and the surrounding Pale
ozoic rocks, and because in the Paleozoic sandstones and limestones are 
numerous fragments of the crystalline rocks. The crystalline rocks are 
regarded as of eruptive origin, as shown in the field by the absence of 
bedding, by flow structure, by banded structure, · by lithophysffi, by 
breccia, by scoria, by amygdaloids, by tuffs, and by absence of grada
tions into noncrystalline rocks, and as shown by the microscope, by 
the texture of the groundmass in the porphyries and breccias, by flow 
structure in them, by magmatic corrosion of porphyritic crystals and 
fragments of the breccias, and by other phenomena. The laminated 
ferruginous rocks of Pilot knob and of other localities are regarded as 
volcanic breccias. As evidence of this it is said that this material 
passes into the porphyry, that the fragments are an of porphyry or 
felsite, and that the groundmasses .of the breccias or conglomerates are 
always felsitic or J)Orphyritic, the apparent detrital fragments being 
merely set in a lava of a similar character . . 

PuMPELL Y and VAN Hn:m,Z1 in 1890, find that at Iron mountain 
the ore (specular hematite), in its original po~lt.ion, occurs in the form 
of veins in the porphyry. These veins are sometimes of very consid
erable thickness, running as high as 30 feet. They vary from this size 
to those much smaller, ramifying through and cutting the porphyry in 
various directions. In some places on the mound between the stratified 
sandstone and the porphyry is a pre-Silurian mantle of detrital mate
rial, which is largely composed of fragments of the vein ore. The chief 
mining at the present time is from a mass of bowlders of the iron ore 
in a pre-Silurian ravine. In the process of disjntegration the more resist
ant and heavier masses of iron ore have been concentrated in the upper 
slopes of the ravine, forming a deposit analogous to a placer. The vast 
amount of this iron ore in these ravines, as well as that which occurs as a 
residuary dtposit upon the mound, indicates that in pre-Silurian time 
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there was here an enormous erosion in order that this· quantity should 
accumulate from the relatively sparse and small veins of iron ore in the 
mountain. The Pilot knob iron-ore bed was found to grade upward into 
a conglomerate, the matrix of which is largely composed of ore and 
the most of the pebbles of which are porphyry. Tbe whole appearance 
of the deposit is that of a detrital one, and the question arises whether 
this bed has been produced from the erosion of earlier vein deposits 
in the porphyries, such as are found in Iron mountain. Pilot knob itself 
bears the same relations to the Silurian as does Iron mountain, and if 
this suggestion as to the origin of the Pilot knob ore is correct, it im
plies that the pre-Silurian history has not only been very long, but com
plex. 

SUMMARY OF RESULTS. 

As the crystalline rocks of central Missouri are islands surrounded 
by Cambrian sediments, we have no definite means of determining their 
age except that they were in their present condition apd deeply eroded 
before the overlying rocks were deposited. With a considerable degree 
of probability they may therefore be referred to the pre-Cam brian. The 
series is mainly an eruptive, porphyritic one, but the lavas are often
times bedded. The clastics are sometimes porphyry-conglomerates, 
the materials of which have evidently been derived from the underly
ing porphyry flows. At Pilot knob the iron ores are associated with 
the conglomerates. 

Thert is, then, in central Missouri a pre-Cambrian clastic series, and 
therefore a member of the Algonkian system. Whether any of the 
crystalline rocks are older than the Algonkian there is no certain means 
of judging. There · are also no certain data upon which to paraUelize 
this Algonkian series with the Algonkian series of the nearest pre
Cambrian region, that of lake Superior. Upon the whole, the 1itho
logical character of the series more nearly resembles that of the Ke
weenawan than any other, although it has a very considerable likeness 
to the Upper Huronian. This is indicated by th~ porphyries and por
phyry-conglomerates, while the analogy with the Upper Huronian is 
indicated by the beds of iron ore. This comparison is rather strength
ened by the fact that the Upper Huronian quartzite outcrops of south
ern Wisconsin are associated with and cut by porphyries. But a refer
ence of the Missouri rocks either to the Keweenawan or Upper Huro
nian has a very uncertain value, and it is not impossible that it rather 
represents the period of erosion which separates the Keweenawan and 
Upper Huronian, since in lithological characters it combines to a con
siderable extent those of these two series. 
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SECTION III. TEXAS. 

LITERATURE. 

RoEMER, 22 in 1848, mentions granitic rocks at several points, 15 miles 
north of Frederick:::;burg, on the banks of the Llano, in the country 
between the Llano and San Saba, and be.tween the Piedernales and San 
Saba rivers. These granitic rocks are surrounded by Paleozoic strata. 

SHUMARD,23 in 1860, describes in Burnet county rocks upon which 
rest directly the fossiliferous Potsdam. 

SHUMARD,24
· in 1861, describes the Primordial rocks of Texas as 

resting upon reddish feldspathic granite very similar in character and 
composition to the granites of Iron mountain, Missouri. 

BucKLEY1
25 in 1866, states that the known Azoic rocks of the state 

are mostly in Llano and adjoining counties. There are here gnwites 
with steatite or soapstone, immense beds of iron ore, and metamorphic 
rocks, consisting_ chiefly of slates, mica-schist and gneiss with quartz 
veins. The granites of Burnet county probably belong to a later period 
of elevation than the Azoic. Here the metamorpbic rocks are on the 
outskirts of the granite, in nearly vertical, more or less broken or con" 
torted strata. In Mason county are highly inclined micaceous sbales. 
At Packsaddle mountain are dark sha.Jes which, near Honey creek, ex
tend unconformably beneath the nearly horizontal layers of Pot~clam 
sandstones and limestones. In Mason county is a very large deposit of 
iron ore, which is believed to be a true vein. Another bed of iron ore 
lies between two granite ridges and is traversed by veins of quartz. 
House mountain, consisting of granite, is capped by massive beds of 
nearly horizontal sandstone. The Azoic rocks trend in a northeast and 
southwest direction, being on the same line of upheaval as the Ozark 
mountains of Arkansas and the Iron mountains of Missouri. 

BuCKLEY, 26 in 187 4, describes as resting unconformably beneath tbe 
Potsdam, in Llano county, shales and argillites which lithologically 
resemble the old slates of Vermont and New Hampshire. They are 
barren of fossils. Lo'cally a slaty cleavage is developed. Sometimes 
the slate is changed into a gneissoid rock, all gradations of the cbange 
being seen. Friable mica-slates containing garnet sometimes underlie 
the granite. These rocks are referred to the Laurentian. Most, and 
probably all, of the granites of this region are of a later period than the 
metamorphic rocks associated with them. Associated with the granite 
in Burnet and Llano counties are immense beds of magnetic iron ore. 

BuCKLEY,27 in 1876, describes Azoic granitic rocks in mall\Y of tbe 
mountain ranges west of the Pecos river. At a number of places basal
tic rocks occur. All the igneous rocks north of the Pecos are either of 
upper Cretaceous or Tertiary age, as is shown by the uptilted strata of 
these rocks. 

W ALCOTT,28 in 1884, :finds that the Potsdam sandstone rests uncon
formably on a great formation to which the term Llano group is applied. 
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These rocks are alternating beds of sandy shales, sandstones, lime
stones, and schists that have a dip from 15° to 40o. They are little 
metamorphosed. The overlying sandstone in its fossils is like the 
-Tonto group ofthe Grand canyon, and the Llano group is correlated 
with the Grand canyon and Chuar series of the Grand canyon on the 
basis of position and lithological character. The best exposures are 
at Packsaddle mountain, in Llano county, where the horizontal Pots
dam rests on the uptilted and eroded Llano beds. Across the valley 
of Honey creek, 4 miles west of Packsaddle mountain, the strata of 
the Llano group have been more metamorphosed, plicated, and broken 
by intrusive dikes of granite. The -intrusive rocks are of pre-Potsdam 
age, but largely the result of extrusion of granite at or near the close 
of the erosion of the· Llano. They are the chief cause of the metamor
phism of the Llano rocks. No rocks of undoubted Archean age were 
observed. 

SHUMARD,29 in 1886, describes as eruptive rocks the granites, por
phyries and basic rocks which compose the whole of Wichita, Limpea, 
Hueco, and J\iimbres mountains. In the Organ mountains are partly 
sedimentary and partly eruptive rocks; while the Guadalupe, Sacra
mento, and Horse mountains are wholly sedimentary. None of these 
crystalline rocks are regarded as pre-Cambrian. 

GLENN30
, in 1890, describes the Azoic rocks as consi.sting principally 

of red granite, occasionally gneissoid, intersected by numerous nearly 
vertical dikes of quartz rock. West of the granite in Llano county is 
an extensive field of schist, sandstone, and limestone of uncertain age. 
At Spring creek, in Burnet county, is also a small schist formation suc
ceeding the granite. Were it not for the interposition of sandstone 
between the granite and the schists they would be assigned to the 
Azoic. 

CoMSTOCK31, in 1890, divides the Archean rocks of central Texas into 
a Burnetan (Laurentian¥) system and Fernandan (Ontarian~) system. 

The fundamental gneisses of the Burnetan occupy a lens-shaped area 
striking N. 75° W., and they are well exposed in Burnet county. Within 
the group there are no unconformities. The rocks of the system are 
1argely gneisses, but they graduate upon the one hand into quartzose 
mica-schists, and upon the other into friable sandy gneisses and fine
grained binary granites and graphic granite. Stratigraphically thb 
group is divided into three series from above downward, (1) B )deville, 
consisting of mica-schist and chlorite-schists (chiefly acidic); (2) Long 
mountain, consisting of hornblendic and pyroxenic rocks (basic); (3) 
Lone grove, consisting of gneiss, granite, etc. These rocks are compared 
with Lawson's lake of the Woods Archean. The igneous eruptions of 
the Burnetan are of different ages, some of them earlier and some later 
than the Potsdam. 

The Fernandan or Ontarian system is well exposed along the valley 
of San Fernando creek. Its exposures are more extensive than those 
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of any other pre-Cambrian system. While in the main there is little 
difficulty in distinguishing between the Fernandan and Burnetan strata, 
metamorphism has caused a close resemblance in many exposures. 
The general succession from above downward is calcareous rock, chlo
ritic slates and shales, carbonaceous schists, ferruginous rocks, quartz
ites, acidic schists, and basic schists. In this system are various erup
ti ves, including granites, quartz dikes, and basic rocks. Whenever the 
Feruandan beds are visible in connection with the Burnetan strata, 
through their own excessive erosion or by reason of the persistence of 
prior elevations of the earlier system, there is always abundant evidence 
of unconformity; and if any fractures occur tb e joints of the northwest 
(Fernandan) trend invariably cross and cut the strike of the Burnetan 
rocks. .Additional support for the unconformity of the two systems is 
gained from the fact that contortions occur in the lower system only 
where this or later trends affect its continuity. Moreover, the compo
sition and texture of the Fernandan beds are to a large extent that of 
derivatives of the Burnetan lithologic series . 

.Above the Fernandan system is an Eparchean group of rocks, the 
stratigraphical affinities of which are nearer the .Archean than the 
Cam brian. There is no don bt that they rest unconformably below the 
Paleozoic. To this group, including W alcott'.s Llano group, is given 
the term Texan (.Algonkian~) system. The rocks of the Texan system 
are ehiefly siliceous, but shales and limestones are not wanting. The 
succession includes from the base upward a set of micaceous sand
stones, with thinly laminated shales and chloritic detrital material; 
hard, white laminated quartz rock or quartzite, associated with fer
ruginous and schists la,yers; ferruginous shale beds, in part somewhat 
graphitic, and limestones or marbles. It is often difficult in the field 
to distinguish the graphitic shale and marble, as a belt, from the simi
lar lithologic set of the earlier Fernandan system. In hand specimens, 
however, the distinction is obvious. The Texan beds are much less 
altered, as a rule. The graphitic strata are plainly derivatives of the 
preexisting graphite schists, and the marbles are white or brown, in
stead of blue. The Packsaddle marbles and shaly beds are compared 
with the Chuar; the Llano quartzites and sandstones, with eruptives, 
to the Grand canyon, and the Mason sandy shales and schists to the 
Vishnu series. 

There must have been a vast amount of erosion after the folding of 
the Texan strata and prior to the deposition of the Cambrian sedi
ments upon the upturned edges. The outcrops of the Texan strata are 
almost invariably accompanied by some of the Fernandan beds, or by 
members very closely resembling these, often in such relations a~ to 
make it difficult to determine the boundary between the two groups 
upon structural grounds alone; but the rocks here included as of the 
Texan system are never involved in an earlier uplift than the north
south trend. 
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COMSTOCK/2 in 1891, further describes the relations of the pre-Cam
brian rock series of central Te~as. The Fernandian system is held to 
rest unconformably upon the Burnetian, because no other terrane 
within the Burnetian has structural planes or breaks following a. coiuse 
N. 75° W., while every other axis of uplift is traceable through the 
rocks of the Burnetian system, and because the basal members of the 
Fernandian system are made up in part of material 8pparently derived 
from the Burnetian rocks. That the Texian (Algonkian~) system rests 
unconformably upon the Fernandian is concluded from facts of the 
same character as those which show the discordance between the Burne
tian and Fernandian. The nearly due north-south strikes of these 
rocks are commonly peculiar to them, the earlier fractures and lines of 
uplift being invariably absent, but the later ones can be more or less 
distinctly traced through the members of this system. There are locaH
ties exhibiting the juxtaposition of the Texian with the underlying 
Fernandian, in which the nonconformability between the two is seen. 
These relations are seen south and southeast of Paeksaddle mountain, 
southwest of Sharp mountain, in portions of the country north of Lock
hart mountain, north and northeast of Mason, in the Beaver creek val
ley, and elsewhere in Mason county. Further, the derivative character 
of the Texian beds is a marked feature. In the Fern an dian is a great 
development of magnetites . . While these deposits appear to be in dis
co:J.tinuous lenses or bosses across the region, there is almost always an 
indication of continuity iu the shape of a liue of ferruginous soil or 
other landmark. The iron deposits have above them carbonaceous and 
calcareous beds and below them quartzose beds. 

SUMMARY 01<' RESULTS. 

It appears that in central Texas there are two thick series, of clastic 
origin which are of pre-Cambrian age. The upper is Walcott's Llano or 
Comstock's Texian, and the lower Comstock's Fernandian. The first 
of these is but little altered, the second is considerably metamorphosed 
and has associated with it a greater quantity of eruptive rocks. Be~ 

tween these series it is asserted by Comstock that there is a great un
conformity, as shown by numerons contacts, by Fernandiau debris in 
the Texian, and by the fact that the Texian rocks are never involved 
in the earlier uplifts which have affected the Fernandian. 

The Archean is represented by the Burnetian. Between the Burne
tian and the Fernandian an unconformity is maintained by Comstock 
upon essentially the same gronnds as between the Texian and Feruan
dian; that is, there are unconformable contacts between the series; the 
Fernandian bears debris from the Burneti::Ln, and the Burnetian has 
been affected by orographic movements which are earlier than the Fer
nandian. 
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NOTES. 
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C H A P T E R VI. 

THE CORDILLERAS. 

SECTION I. L.AR.AMIE, MEDICINE BOW, .AND P .Al~IC R.ANGES IN SOUTH

El~N WYO~UNG. 

LITERATURE. 

S1'.ANSBURY/ in 1853, states that in the Black hills (Laramie) is an 
extensive formation of massive red fcluspathic granite with occasional 
outcrops of ferruginous quartz. 

H.AYDEN,2 in 1863, describes the Laramie hills as consisting of nu
merous centers of uplifted granite upon the sides of which the Carbon
iferous limestones are scattered or unconformably overlie. There is 
every gradation from unchanged fossiliferous limestone to completely 
metaworphosed rock, melted material sometimes being found thnu;t into 
the seams of the unchanged mass. The core of Laramie peak is ot 
granite, while, as if thrown off by this nucleus, is a series of Azoic strati
fied rocks consisting of gueiss, hornblendic, micaceous, and talcose 
slates, syenite, and quartz, which are cut here and there by dikes of 
trap or basalt. 

HAYDEN/ in 1868, mentions granites and syenites as occurring in the 
Laramie and Medicine bow ranges. On the east side of Laramie range, 
especially near fort Laramie, are seen the distinctly discordant rela

. tions between the crystalline rocks of the mountain range and the 
unmetamorphosed strata. 

H.AYDEN,4 in 1872, describes on one of the branches of the Chug
water, in the Laramie mountains, as occurring interstratified with red 
fcldspathic granite, beds of magnetic ore which resemble the lake Su
perior iron ores. The rocks between the headwaters of the Chugwater 
and Laramie consist of beds of quartz, black gnejss, seams of feldspar, 
with now and then bed_s of massive granite. On approaching the 
~ountains the red feld~athic granite is found in great ridges, the 
gneissic strata diminishing and the massive granite increasing in ap
proaching the mountain range. 

ENGELII-I.ANN/ in 1876, finds that the Laramie peak system consists 
of the :igneous rocks, granite and granitic syenite._ Among· the igneous 
rocks are also greenstones, which are of later date than the granite in 
which they frequently are dikes. 

H.AGUE,6 in 1877, gives detailed descriptions of tlte Laramie, 1\fedi
cine bow, and Park ranges. The Archean rocks of the Laramie hills 
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are classed under granites, gneiss, mica schist, and hornblende schist, 
the first covering much the largest area. The central body consists of 
coarse grained granite. Above this, and forming the outer edges, dip· 
ping east and west away from the main mass, occur heavily bedded gran
itoid rocks. At the north and south ends of the range the granites grad
ually pass into well defined gneisses and schists, there being the most 
gradual transitions from the massive granites to the thinly laminated 
schists. Among the crystalline rocks is a variety of gabbro in there
gion of Iron mountain, Chugwater, and Horse creeks, where it forms 
knobs and knolls protruding through the granitoid rocks. At Iron 
mountain, north: of Chugwater creek, are masses of titaniferons iron 
ores incased in the granite. No large bodies of eruptive granites were 
seen nor eruptive rocks younger than the Archean. In structure the 
Laramie hills are regarded as a broad anticline, accompanied by many 
secondary folds. There is no case of decided nonconformity in the 
entire series of beds, and their uniform character indicates that they 
all belong to one division of the Archean, which without doubt is the 
Laurentian. The sedimentary rocks of the eastern foothills every
where rest unconformably upon the Archean crystallines. East of 
Table mountain is the only outlying mass of Archean granite occurring 
eastward of the sedimentary foothills. 

The second great range of the Rocky mountains-the Medicine bow
like the Laramie range, is made up almost exclusively of Archean crys
talline rocks. In their general habit they resemble the formation of 
the eastern range, but additional varieties are found. The rocks 
include granite, gneiss, hornblende-schist, mica-schist, dioritic schist, 
slate, argillite, quartzite, chert, hornstone, conglomerate, and limestone. 
The larger bodies of true granite are confined to the· southern end of 
the range, where it is closely connected with the Front range of Colo
rado. Even this granite shows more or less tendency to bedding, the 
constituent minerals being arranged in parallel layers. From Brush 
creek northward 15 or 20 miles are light colored mica-gneisses and dark 
hornblende-schists, with occasional beds of vitreous quartzite. Medi
cine peak is a mass of pure white quartzite rising 2,000 feet above the 
surrounding country. The main ridge has a trend approximately north 
20° east, which appears to be the strike of the rocks. The dip is to the 
eastward at a high angle. While no accurate measurements could be 
made, the thickness of the formation is certainly not under 2,000 feet. 
The quartzite is white, compact, and brittle, with a uniform texture, and 
is traversed by thin iron seams. Ne~r the base of the formation the 
quartzite is interstratified with beds of conglomerate, the pebbles being 
of quartz and many of them having been pressed and elongated in the 
direction of the strata. The formation is cut by dikes of dark intru
sive rocks which are probably diorites. At the head of the northern 
branches of French creek, conformably under a quartzite, is a series of 
thinly laminated dark argillaceous slates and schists, which dip east-

Bull. 86-18 
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ward into the mountain. Below these are quartzose argillites, which 
are again underlain by crystalline schists. Mill peak, north of . east 
from Medicine peak, has at its base a white quartzite, which is overlain 
by a body of red conglomerate resembling the red jasper conglomerate 
of the Huronian series of lake Huron. Above this is amorphous 
quartzite, and the peak is capped by white and gray siliceous limestone. 
The prevailing dips at Mill peak are to the west, while those at 1\fedi
cine peak are to the east, indicating that there is a broad synclinal fold 
between the two. A striking characteristic of the entire series is the 
banded and laminated appearance of the constituent minerals. The 
Archean series of the Medicine bow range present many marked fea
tures analogous to the Huronian formation on the shores of lake Huron 
and Canada, as well as to various localities throughout the Appalachian 
chain; and they are-with considerable hesitation, however-recognized 
as of Huronian age, because they are so widely separated from any 
beds distinctly recognized as such, and the reference is based entirely 
upon lithological evidence. The rocks also present many features in 
contrast with Laurentian rocks of the Colorado Front range. 

The Park range, the third of the great Archean uplifts of the Rocky 
mountains, is a system of highly crystalline rocks of Archean age. The 
later rocks form a very subordinate part of the uplift, rising not more 
than a few hundred feet above the plain, where they rest unconform
ably on the older series. The rocks of the Park range resemble more 
closely those of the Colorado Front range than they do the Medicine 
bow, and are referred to the Laurentian. The range contains much struc
tureless granite ove.rlain by gneisses and schh;ts similar to the series of 
the Colorado range, but carrying more hornblende-bearing beds in the 
upper members. On the other hand, there are not wanting rocks which 
are characteristic of the Medicine bow series and which were referred 
to the Huronian formation. The range has a monoclinal structure with 
the prevailing dips to the west, while an outlying spur to the east 
indicates the existence of the eastern side of the fold. 

EMMONS, 6 in 1877, describes Raw lings peak as an outlying area of 
Archean granite-gneiss which shows distinct lines of bedding;, having 
an inclination of 45° to the west, while the overlying quartzites and 
sandstones dip 10° to the east. 

KING,7 in 1878, describes the rocks which unconformably overlie the 
Archean of the Colorado range as varying from the lowest Paleozoic up 
to the post.Pliocene. The Archean core of the range is a broad central 
anticline, the arch having a flat summit and the clip increasing rapidly 
as the axis becomes distant. In this range complex faulting, meta
morphism and crystallization, combined with widespread erosion, took 
place before the beginning of Cambrian time. The rocks comprise 
granites and granite-gneisses, above which, with no apparent uncon
formity, are red granites showing distinct bedding, and above these a 
great thickness of mica-gneisses, the estimated thickness of which is 
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12,000 to 18,000 feet. From the lowest exposure to the highest there 
is a gradual passing from the structureless granite to the dark mica
gneisses. Among eruptive rocks are granites, gabbros, and ff'lsite
porphyries. The Clark's peak ridge is thought to be another and later 
series of rocks than those of the Colorado range. 

In the Medicine bow range, above the hornblendic and dioritic, 
gneisses and schists are quartzitic schists, argillites, and limestones. 
The gneisses and hornblende-schist are older and underlie, in apparent 
conformity, the quartzites. 

In the Park range the crystalline rocks all dip to the west, being but 
half of an anticline, the other half having suffered a deep downthrow 
which has only left traces of the easterly dips. The rocks are granite; 
gneiss, hornblende-schists, and dioritoid rocks, with a limited quantity 
of quartzites, there being no eruptive rocks, unless some obscure dio
ritic bodies are intrusive. At Jacks creek is a bed of pure white 
quartzite 50 feet thick. The upper members of the Medicine bow and 
Park ranges, somewhat less than 12,000 or 14,000 feet thick, are referred 
to the Huronian and the remaining formations to the Laurentian. 

ENDLICH,3 in 1879, describes Rawlings peak as consisting of a meta
morphic granite nucleus about which the sedimentary strata are qua, 
quaversally arranged. 

V .A.N HrsE,9 in 1889, made observations upon the Laramie and Medi
cine bow ranges. 

The Laramie hills at Sherman, where most structnreless, are found 
to have alternate bands of coarse and fine material. The latter are 
more resistant to weathering and stand out as ridges. This stratifica
tion or flowage or foliation structure is at a flat angle-15° or 20o. The 
country granite is cut by very numerous dikes of granite, which pro
ject above the ground in intersecting ridges. 

The course of travel in the Medicine bow range was up one of the 
branches of the Laramie river to J\feclicine peak, and over this range in 
a course, north of west across the strike of the rocks down Brush 
creek. Mill peak was visited. 

The pre-Cambrian rocks first found are banded and contorted gneisses, 
varying from fine grained to granitoid varieties, which are cut by 
hornblendic and granitic veins or dikes, with here and there consider
able areas of massive granite. In passing toward the interior of the 
range the granite becomes less plentiful and the gneiss more laminated, 
passing into regularly banded gneiss, which appears to grade by imper
ceptible stages, into fine grained green schist, and finally into black 
slate. In continuing to pass from east to west quartzites are found, 
then a broad belt of yellowish white, finely granular chert, with layers 
of cherty limestone sometimes ferruginous. About a mile before Medi
ci:p.e peak is reached the quartzites appear. These continue (often con
glomeratic) to beyond Medicine peak. West of Medicine peak are 
again found slates, slate-conglomerates carrying abundant pebbles 
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of white quartz and granites and interstratified with quartzite. Schis
tose and massive basic rocks, much altered, in dike-like forms, are 
found in the clastic series precisely as in the gneissic series. They 
oftentimes strike approximately parallel to the inclosing rocks. East 
of Medicine peak the rocks, including the gneissoid and clastic series, 
have a dip of ·about 60° to 80° to the southeast. Therefore the Medi
cine peak series appears to underlie the gneissoid series. The dip of 
the Medicine peak series in going north of west beyond the mountain 
becomes flatter, unti12 or 3 miles beyond the crest the dips are not 
higher than 30°, which observations agree with Hague's statement that 
west of Medicine peak is the crown of an anticline. As the strike of 
the Medicine peak series is nearly toward Mill peak, and as on the 
top of that peak there are cherts (Hague's amorphous quartzite) and 
cherty limestones very like those found east of Medicine peak, it seems 
probable that the Mill peak series represents these cherty limestones. 
Though the original sedimentary character of the Medicine and Mill 
peak series is evident, the pressure to which the rocks have been sub
jected is so great in places that the slate-conglomerates bearing granite 
pebbles take on an appearance closely resembling gneisses. The grains 
of quartz in the fragmental quart7.ites in thin section also show pro
found evidence of dynamic action. However, as the layers of pebbles 
in the quartzites and the fine laminations in the cherts and cherty 
limestones correspond with the schistose structure, there can be no 
doubt that the strikes and dips are those of bedding. 

The foregoing facts seem to imply that in passing up from the gneis
sic series to west of Medicine peak we have passed a syncline over
turned to the west, and 2 or 3 miles west of Medicine peak have nearly 
reached the crown of the next anticline. This structqre makes the 
slates and slate-conglomerates bearing granite pebbles the base of the 
clastic series, above which are the quartzites, and .occupying the high
est position in the center of the syncline are the cherts and cherty lime
stones of Mill peak and those east of Medicine peak. · The clastics thus 
rest upon the granite-gneiss series. No contacts or evidence of discord
ance in strike or dip were found between them, but the conglomerates 
bearing granitic detritus show the presence of a granite earlier than 
the formation of these beds, and presumably the present apparent ac
cordance and transition are due to dynamic action, combined, perhaps, 
with the disintegration of the earlier series before the clastics were de
posited. 

SUMMARY OF RESULTS. 

It is plain that in the Medicine bow range are two classes of rocks: 
those which are thoroughly crystalline and are mostly of the acid 
type, and those which are unmistakable clastics, such as quartzites, 
conglomerates, marbles, cherts, etc., while in the Laramie and Park 
ranges is only the first class, if the white quartzite, which seems to be 
jn the nature of a vein in the latter, .is excluded. The granites and 
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gneisses were regarded by Hayden as eruptive, and they were believed 
to have intruded and metamorphosed the overlying Paleozoic lime
stones. King and Hague, on the other hand, regard all of the mate
rial of the three ranges as metamorphic, with the exception of the basic 
dikes and possibly some small areas and dikes of a later granite. That 
the horizontal sedimentary rocks were deposited unconformably upon 
and against these ranges is now admitted by all; so that the truth of 
the observations of Hayden must be considered doubtful, unless he 
found some place where there is actually present later important masses 
of intrusive granite. 

At the present time many would doubt the conclusions of King and 
Hague, that because the structureless granite of the center of the 
ridges vary graduallyin passing outward into well laminated gneisses 
and schists, therefore the whole is of sedimentary origin, the inte-

-rior 11arts being more eompletely metamorphosed than the exterioPs. 
These relations might equally well be produced by the increasing ef
fects of dynamic action upon the outer borders of once massive ranges. 
The variation of massive or nearly massive core rocks into laminated 
gneisses and crystalline schists on the outer borders, which occur in 
many other mountain regions, are thus explained by numerous later 
observers, the whole being regarded as igneous. The lamination is 
explained equally as well by one theory as by the other; for in either case 
the central axes are the parts which are most deeply buried, and which, 
even if composed of material originally sedimentary, have become re
crystallized. On either hypothesis it is probable that in the region 
under discussion are two fundamentally different series, the very an
cient crystallines and the pre-Cambrian clastics. The presence of 
abundant granite debris in the lower members of the Medicine peak 
series certainly shows the existence of a granite earlier than this time. • 
That the clastics are later than the cTystallines is perhaps further in
dicated by the numerous dikes of granite which are found in the main 
granite area, but have not been noted as eutting the clastics. It can 
not be said whether many of the mica-schists and other intermediate 
kinds of rocks such as occur in the J\iedicine bow and Park ranges 
belong with the Archean or the Algonkian. It is wholly among the 
possiuilities that schist series exist which are older than the granite; 
these together forming a basement complex upon which the readily 
recognizable clastics were deposited. 

SECTION II. CENTRAL AND WESTERN WYOMING. 

LITERATURE OF THE BIG HORN MOUNTAINS. 

HAYDEN,10 in 1861, states that red feldspathic granites, with meta
morphic slates and schists, constitute the nucleus of the Big Horn 
mountains. As these are surrounded by strata as recent as the Cre
taceous, this uplift is subsequent to this time. 
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HA.YDEN,11 in 1868, states that the unconformity between the crys
talline and unmetamorphosed strata at the Big Horn mountains is 
very apparent. · 

CARPENTER, 12 in 1878, describes the Big Horn range as composed at 
the base of thick masses of Primordial sandstone resembling the Pots- · 
dam sandstone of the Black hills, although the heat coeval with the 
upheaval of the mountains has probably obliterated the fossils which 
are so abundant in that region. The sandstone rests un.conformably 
against the Archean, is inclined from the flanks, is folded, and in many 
places is upturned as in the Black hills and Colorado mountains. .Above 
the sandstone is a limestone containing numerous casts of Spirijer carn
eratus. The crystalline rocks appear at an elevation of about 9,000 
feet and compose the higher parts of the range. Near the summit 
fine grained, grayish granite predominates, occasionally varied by 
yarious patches of mica-schist. The Owl creek mountains are com
posed of porphyritic granite rich in feldspar, which give place at higher 
elevations to a gneissoid granite. They connect the southern end of 
the Big Horn mountains with the northern part of the Wind river 
range. 

LITERATURE OF THE RATTLESNAKE MOUNTAINS. 

ENGELMANN/ in 1876,;states that granites and gran.itic syenites which 
are regarded as igneous rocks form a large part of the Rattlesnake 
mountains. 

LITERATURE OF THE SWEETWATER AND ADJACENT MOUNTAINS. 

BALL,13 in 1835, notes granitic rocks along the Sweetwater. 
HAYDEN/1 in 1868, mentions granites and syenites as occurring in 

the Sweetwater mountains. 
ENGELMA.NN/in1876, places the crystalline schists between the three 

crossings of the Sweetwater and South pass, and those on the eastern 
slope of South pass as metamor:Q_hics. They include gneiss, mica-schist, 
argillaceous and siliceous schist, and hornblendic rocks. 

ENDLICH,8 in 1879, describes in the Sweetwater valley and in ad
jacent regions Prozoic and metamorphic rocks. In the Sweetwater 
hills are Prozoic rocks, coarse grained, structureless granite, like those 
west of the Wind river mountains which are cut by basaltic dikes, but 
which never penetrate the overlying younger rocks. The metamorphic 
granite of the Sweetwater and Seminole hills is regarded as a con
tinuation of the youngest granite of the eastern slope of the Wind 
river range. East of Elkhorn gap is found a series of folded sedimen
tary beds, upo» both sides of which is gran_ite apparently of the same 
character. The northern and northwestern portions of the gran.ite 
hills, instead of being composed of Pro zoic granite, are formed of strati
fied granites with hornblende-schists. Toward the eastern termination 
the stratification is so apparent that from a short distance the rocks 
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were supposed to be nnchanged sedimentary ones, and the susp1cwn 
presented itself that a portion of these are metamorphosed SHurian 
beds. The Potsdam quartzite with an easterly dip is found to rest 
upon the schists, and at the wester-n end of the Sweetwater hills sub· 
Carboniferous dolomites rest directly upon the Prozoic granites. In 
the Sweetwater region the younger metamorphics occupy a more con
spicuous position than the older metalliferous schists. That the older 
schists and Prozoic granites do not appear is due to the thickness of 
the youngest metamorphic series, erosion not having succeeded in cut
ting througl1 them. The metamorphics are all referred to the Huro
nian system. 

LITERATURE OF THE WIND RIVER MOUNTAINS. 

IIA YDEN, 10 in 1861, states that the Wind river mountains have a 
nucleus of red and gray feldspathic granite. 

HAYDEN, n in 1868, states that the stratified rocks rest unconform
ably upon the granites and syenites of the Wind river mountains along 
tll e eastern slope. 

HA YDEN,4 in 1872, describes the Wind river range as forming a com
plete anticline. It has a nucleus of granitic or gneissic roeks rising on 
either side step by step toward the central axis, and on each side of 
the nucleus are the various unchanged rocks inclining at a variety of 
angles. From fort Stambaugh northwest toward the granites of Wind 
river is found for a distance of 10 miles metamorphic slates. 

CoMSTOCK/4 in 1875, deseribes the Wind river mountains as having 
a nucleal area of gray and reddish granites, gneissoid granites, gneisses, 
metamorphic slates and schists, and pre-Potsdam metamorphics, this 
being the order of succession from the center to either flank. It is 
doubtful whether any igneous rocks here occur, and there appears to 
be a gradation from the structureless granites to the pre-Potsdam meta
morphics. 

ENDLICH,8 in 1879, describes the geology of the Wind river moun
tains and country eastward. The crystalline rocks are divided into 
Prozoic and Metamorphic. Placed as belonging to the Prozoic is the 
coarse grained, structureless red granite forming the subsidiary range 
alo11 g the western base of the mountains. Going eastward the granites 
disappear and in the Wind river range schists take their place. These 
granites and those of the Sweetwater and Granite hills are believed to 
have a subterranean connection and are regarded as the oldest rocks of 
the Wind river mountains because of the absence of all structure, their 
position relative to the range and their relations to the undoubted meta
morphics to the ea,st. Against them were deposited the old metallifer
ous schists. Granite composing the main chain followed, and this was 
succeeded by a narrow band of schist, and the fourth or lowest group 
is represented by the younger granites. The metamorphic rocks of tlle 
Wind river mountains are mainly granites but are associated with 
schists; but the layers of different mineralogical constitution do not 
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appear to remain constant in certain zones. Passing to the eastward 
the granites disappear and are replaced by schistose granites or typical 
schists. The granites are flexed and contorted in every possible direc
tion and contain simple bands of micaceous and chloritic schists, which 
denote the original planes of stratification. It is believed that by a 
careful examination evidence will be found bearing upon the former 
condition of this metamorphic area. ·The Wind river range is regarded 
as a steep anticlinal fold. The rocks constituting it are regarded as 
representing siliceous shales (schists) and are more or less argillaceous 
sandstones (granites). On the eastern side of the Wind river range is 
found hard red quartzitic sandstones directly overlying the youngest 
metamorphic granites. It extends up the gently sloping ridges in a 
scalloped line. In direct contact with the granites it is difficult to 
determine where the granite ends and the quartzite begins, so that it 
may be said that the quartzites and granites blend into each other. It 
appears that the lowest Silurian strata were deposited before the thor
ough metamorphosis of the entire mass took place, unless the change 
in the sandstone is caused by a generation of heat during the period of 
mountain elevation. The Archean rocks of the Wind river, Sweetwater, 
and adjacent ranges are classified into the Huronian, Laurentian, and · 
Prozoic systems. The first includes micaceous, hornblendic, and chlor
itic granite, 30,000 feet thick. The Laurentian includes metalliferous 
schists composed of quartz, feldspar, hornblende, and mica, 18,000 feet 
thick. The Prozoic includes massive structureless muscovite granjte 
of indefinite thickness. 

PEALE,i5 in 1879, states that the western foothills of tbe Wind river 
mountains and a few isolated buttes are composed of muscovite granite, 
the most prominent of the latter being Fremont's butte. 

ST. JOHN/6 in 1883, describes the Archean rocks of the Wind rive.r 
range and gives a number of sections showing the unconformable rela. 
tions of these rocks to the overlying Potsdam and higher sedimenta
ries. The Archean area is composed of granitic, gneissic, and various 
schistose rocks, including hornblendic, micaceous, talcose, and garnet
iferous varieties. 

LITERATURE OF THE GROS VENTRE AND WYOMING RANGES. 

ST. OOHN/7 in 1879, states that the Gros Ventre range has an 
Archean nucleus, consisting chiefly of distorted gneissic and schistose 
layers, and forms a sort of transverse bar or truss connecting the 
Wind river and Teton ranges. The Primordial quartzite was seen 
lying in immediate contact unconformably above the Archean schists; 
from which it is separated by a rose-colored finely laminated gneissoid 
layer, which may be the metamorphosed basal member of the quartzite. 

ST. JoHN/6 in 1883, further describes the Gros Ventre range and 
gives various sections through it. The Primordial quartzite rests di
rectly upon the Archean rocks. In the Wyoming, as in the Gros Ventre 
range, the Archean is unconformably below the stratified rocks. 
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LITERATURE OF THE TETON RANGE. 

BRADLEY, Is in 1873, describes the central nucleus of the Teton 
mountains as consisting of granites, gneisses, and schists which vary 
greatly in character. No rock succession was ascertained. The granite 
is in thick solid beds and the other rocks are much broken and tilted 
in various ways, and are crossed in every direction by innumerable 
large and small veins, mostly of quartz, but a few of ·granite. There 
is a g-eneral strike in an east and west direction. Trap-like rocks are 
interlaminated with the gneiss and granite, which suggest that they 
may be dikes, but tlH~Y are evidently conformable with the layers and 
were either contemporaneous sheets or else subsequent intrusives. 

ST. JoHN, 17 in 1879, describes Archean rocks as constituting the nu
cleal ridge of the Teton mountains. The major portion of them are 
metamorphics of a gneissic or schistose variety. The Archean strata 
of the Teton, Wyoming and Gros Ventre ranges are divided into 
Huronian and I.aurentian. With the former are placed the quartzites, 
micaceous and chloritic slates forming heavy deposits several thousand 
feet in thickness and developed only in the southwest, while with the 
Laurentian are the gneisses, various schistose rocks, and granite. In 
the southwest part of the Teton district is a narrow tongue of quartz
ites which are placed with the Primordial, but may be Huronian. 

SUMMARY OF RESULTS. 

The rocks referred to the Archean by the various authors can, with 
considerable certainty, be considered pre-Cambrian, as the region is one 
in which no folding has taken place since the beginning of Paleozoic 
time, and the various members of the Paleozoic are found in uncon
formable contact with the underlying crystallines at many points. It 
is not necessary to assume, as ·was done by Endlich, that a portion of 
the metamorphism of the Archean took place subsequent to Paleozoic 
time, for the indurated quartzites so often found in direct contact with 
the crystalline strata have probably been thus hardened by the now. 
well known process of cementation. The quartzites which so closely 
resemble the unaltered granite are doubtless recomposed rocks which 
have been cemented in the same manner. 

Whether among the pre-Cambrian rocks in these various ranges of 
mountains there are any which are now of a distinctly clastic character is 
uncertain. Those between fort Starn baugh and the central Wind river 
mass spoken of as metamorphic slates, and the rocks described by St. 
John in the southwestern part of the Teton district as consisting of 
quartzites, micaceous and chloritic slates, may very likely be of this 
character, but it is not certain that the latter do not belong to the Cam
brian, for nothing is said of their relations to the recognizable Paleozoics. 

~rhe separation of the rocks into Laurentian and Huronian, or into 
1-'rozoic, Laurentian and Huronian, as is done by Endlich, is purely litho
lngiral. They are aH thoroughly crystalline, and have been assumed by 
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the various authors to be metamorphic because having a lamination or 
foliation, and the more massive rocks are regarded as being older becam~c 
more metamorphic, and a,lso because they are usually core rocks. As 
has been seen in the case of the Laramie hills and other regions, these 
facts may be equ!tlly well explained by regarding the rocks as all mt
cient igneous rocks, parts of which have been given a laminated struc
ture by dynamic action. 

Now here is anything said as to any unconformable relations between 
any parts of the various series referred respectively to the Huronian, 
Laurentian, or Pro zoic, as the case may be. Consequently the only sure 
structural conclusion reached is that there is in these mountain ranges 
a greateomplex of granites, gneisses, and schists, thoroughly crystal
line, and as yet undivided, which are of pre-Cambrian age. 

SECTION III. CENTRAL AND SOUTHWESTERN MONTANA, WITH ADJA
CENT PARTS OF WYOMING .AND IDAHO. 

LITERATURE. 

H.A.YDEN,10 in 1861, describes along the Madison, one of the forks of 
the Missouri, beds of feldspathic rocks, and mica-slates and clay-slates 
above the. eruptive granites of the region. 

HAYDEN/9 in1872, describes Archean rocks at many points in south
western Montana. Among the localities mentioned, the following are 
worthy of note: Upon Black-Tailed Deer creek in southwestern Mon
tana is an immense thickness of alternating beds of quartzites, true 
gneiss and mica-schist, the first predominating, and inclining to the 
west from 30° to. 45°. Old granite ridges are also found. On the north 
side of this creek are gneissic beds, which incline to the northwest at 
angles varying from 30° to 60°. On the Stinking water are immense 
tJ1icknesses of micaceous gneiss underlying massive layers of quartz
ite. Along the Madison canyon is found granite. . The rocks adjacent 
to Virginia City are clearly stratified, wholly metamorphic, and are 

· regarded as below the Paleozoic. Upon the Upper Gallatin are gra
nitic nuclei, with the unchanged sedimentary beds upon the sides and 
summits inclining at various angles. In the first canyon of the Yel
lowstone is true gneissoid granite and micaceous gneiss of different 
shades of color, giving its sides a peculiarly stratified appearance. At 
Cinnabar mountain is a plainly metamorphic reddish feldspatbic quartz
ite, u-pon which rests unconformably the Carboniferous limestone. 
Hell-Roaring mountain consists of stratified gneiss and massive red or 
gray feldspatbjc granite. At Horse plain valley are quartzites and 
micaceous sch1sts, which rise beneath the limestones and quartzites of 
Carboniferous age. 

PEALE, 20 in 1872, gives many details with reference to the lithological 
and mineralogical character of the rocks, the locations of which are 
given by Hayden. 
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HAYDEN,Z1 in 1873, gives many additional facts with reference to the 
occurrence of .Archean rocks in southwestern Montana and adjacent 
regions. The mountain range east of the Yellowstone, supposed to be 
mostly of igneous origin, has the characteristic granitic nucleus com
mon to the mountain ranges of the region. In ascending the lower 
canyon of the Yellowstone the first ridge is composed mostly of meta
morphic quartzite, the second of mica-schists and granitoid gneiss. The 
ribboning and banding of the gneiss is quite remarkable for its perfec
tion and regularity. Granitic rocks constitute the nucleus of the Y el
lowstone range and make up a rugged granite range east of Clarks 
fork. At Henrys lake and Tahgee pass the quartzites and gneissic 
rocks appear beneath the limestones. The lower portion of the un
changed rocks are pebbly arenaceous sandstones and limestones con
taining pebbles which are much worn and are either quartz or micaceous 
gneiss, showing , that the sediments were derived directly from the 
metamorphic rocks. The lowest strata of unchanged rocks are here 
regarded as Silurian, and probably Potsdam, although no organic 
remains were found. The Carboniferous limestones higher up are filled 
with characteristic fossils. In the Middle canyon of the Madison the 
stratified rocks are also believed to belong to the Potsdam epoch, 
although no fossils were found lower than the Carboniferous, and here 
the unconformable relations of the limestones to the metamorphic rocks 
are clearly shown. On both sides of the Madison there is, in restricted 
localities, an enormous development of very hard gray quartzitic sand
stone, apparently partially metamorphosed, which evidently forms the 
underlying rocks of the sedimentary strata resting on the strictly meta
morphic gneiss. No organic life has been found, yet it undoubtedly 
belongs to the oldest Silurian. Along the valley of the Madison, be
low the mouth of Cherry creek, for several miles there are successions 
of gneissic beds thousands of feet in thickness, which show great vari- -
ety of composition and flexures in the bedding. In this gneiss are 
layers of black hornblende gneiss 4 to 6 feet thick, which appear as 
though they were intrusions of trap. Near Helena the sedimentary 
beds overlying the granite are tilted from 20° to 45° past a vertical. 
The work of reducing the metamorphic strata which underlie the entire 
country to a system and connecting them over ex.tended areas has not 
been attempted, and it seems to the author an almost hopeless as well 
as a fruitless task. 

PEALE,22 in 1873, describes at many localities crystalline rocks in 
southwestern Montana and adjacent regions. Gneissic and granitic 
rocks are mentioned in the Cin:qabar mountains, in the rocks of the 

. Third canyon or the Yellowstone, at Elk creek, at the junction of the 
two forks of the Yellowstone, at West Gallatin canyon, Bozeman 
creek, and other localities. Upon one of the head waters of the Madison 
are found quartz-schists and chlorite-schists, below which ~n appa.rent 
conformity are layers of limestone. Still below these are Carboniferous 
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limestones. The whole is believed to be an overturn. Between Red 
Rock lake ~nd Henry lake is an exposure of quartz- schist dipping to 
the southwest at an angle of 2oo, estimated to be 2,000 feet in thick
ness, which is believed to rest directly upon the granite. On Cherry 
creek the gneissic rocks are succeeded by beds of · massive quartzite, 
shale, limestones, etc., resting unconformably upon them, the latter 
being probably Lower Silurian. 

HAYDEN,23 in 1876, describes some geological sections about the 
headwaters of the Missouri and Yellowstone rivers. There is an anti
clinal axis between the Madison and Jefferson which has a granitic 
nucleus, and on the east side of the Gallatin the Silurian rocks rest 
upon granitic hills. 

HoLMES/4 in 1883, describes the Silurian strata as resting upon the 
metamorphic rocks at Cinnabar mountains. The butte at Bear gulch 
is composed of vertical shales, and these are underlain by metamorphic 
quartzites. Between the butte and Junction valley are hard meta
morphic quartzites and quartzitic schists which not improbably 
consist chiefly of altered and distorted Paleozoic or Mesozoic strata, 
but there is but slight resemblance to these formations. The ridge 
near the canyon of Bear creek is composed of schists that have a 
decided quartzitic character. The East Gallatin range is largely of 
granite. At different places the Archean granites are unconformably 
overlain by the Silurian. 

DAvrs,25 in 1886, describes Archean rocks as occurring in the neigh
borhood of Neihart, about the headwaters of Belt creek in the Little 
Belt mountains. They are dark reddish and gray gneisses with the 
folia generally at steep angles, cut by granitic eruptions that were not 
found to extend into the overlying bedded rocks. The Paleozoic series 
begins with a vast series of Lower Cambrian barren slates, at least 10,000 
or 15,000 feet thick at many places. The slates are capped by hard sand
stone or quartzite, 100 or 150 feet thick, persistent throughout the area 
examined, which is overlain by an equally persistent trilobitic lime
stone 10_0 to 300 feet thick clearly of Potsdam date. With the upper 
members of these slates are found diabasic eruptions. These lower 
Cambrian slates are found in the main range at Cadottes pass, in the 
Big Belt mountains, and in the Little Belt range. In the sections the 
Archean rocks at Little belt are represented as resting unconformably 
below the Lower Cambrian slates, while on the Bridger range they are 
placed in conformity with the slates. 

PEALE,Z6 since 1884, has been working on the" Three Forks Sheet" 
of J\tfontana (the square degree included between 111° and 112° of lon
gitude and 450 and 460 ·of latitude). In the northern part, in the 
Bridger range, of this area is found Archean gneisses. 

Other Archean areas are the one extending north of Virginia city 
some 28 miles, in which a body of eruptive granite occurs, and the one 
bordering the canyon of the 1\'Iadison. The gneiss of the Madison can-
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yon extends across to the Gallatin canyon, a distance of 24 miles. This 
latter belt is about 12 miles in width. There are also two smaller 
gneissic areas bordering the southern edge of the Gallatin valley. The 
beds of Lower Cambrian age at a numberoflocalitiesin the range include • 
angular fragments and masses of gray and red gneiss, evidently derived 
from these Archean beds. 

In the vicinity of the Three forks and in the northern portion of the 
Bridger range, lying between the basal quartzite of Lower Cambrian 
age and the Archean gneisses referred to above, is another series of beds 
that are considered pre-Cambrian. This group, referred to the Algon
kian, has a thickness of 5,000 or 6,000 feet in the Bridger range and is 
correlated with the Lower Cambrian barren slates of much greater 
thickness found by Davis farther to the north. The beds are made up 
of alternations of coarse micaceous sandstones and fine conglomerates 
with beds of hard argillaceous slates and bands of very hard thin
bedded dark blue limestones. These are the beds seen by Hayden in 
1861 which were mistaken for eruptives, and which were described by 
Peale in 1873. Where the lowest_ exposures were noted, pebbles and 
angular masses of the Archean gneisses are numerous in these sand
stones, indicating that Archean land masses existed not far to the south
ward. In fact the ancient shore line crossed the area from 12 to 15 
miles south of the northern limit of the Three forks sheet. As to age, 
this series is probably pre-Cambrian as it lies below beds containing 
Lower Cambrian fossils, being nonfossiliferous themselves so far as 
examined. So far as observed no evident unconformity exists between 
the series and the overlying Cambrian beds, but there is certainly au 
unconformity by subsidence, for after the series was deposited there 
was an orographic movement by which the Archean area of nearly the 
entire district of the sheet south of the Three forks was submerged just 
prior to the beginning of the Cambrian, as is shown by the great south
ward extent of the lower or basal quartzite over this area which was 
not before submerged and which therefore shows no rocks of this Algon
kian series. Whether the movement occurred immediately after the lay
ing down of the Algonkian beds just described or after an interval can 
not be decided with the meager data now at hand. 

South of the old shore line the Algonkian group is absent, the lower 
quartzite of the undoubted Cambrian everywhere lying unconformably 
upon the Archean gneisses, with the exception of two localities, where 
it rests upon a series of beds considered to be a lower division of the 
Algonkian. The main area is on the west side of the Madison river, 
about 20 miles south of Meadow creek, and is about 8 miles in length 
by about 4 in width. A limited area of these beds occur on the east 
side of the Madison valley at the west edge of the Madison range be
tween Bear and Indian creeks. The series consists of crystalline lime
stones, mica-schists, quartzites, and gneisses, very highly inclined and 
conformable so far as seen with the strati:ficatio_n or bedding of the 
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gneisses. Without more detailed examination and search for obscure 
folds it is impossible to estimate the total thickness, but it is certainly 
very great . 

SUMMARY OF RESULTS. 

It is evident from the literature, as well as from Hayden's own state
ment, that no systematic work has been done among the pre-Cambrian 
rocks, with the exception of that by Peale on the Three forks sheet. 
The information at hand makes it clear that this region will yield re
sults of extreme interest when considerable areas are mapped. In the 
region are great areas of intricately mingled granitic and gneissic rocks 
which certainly belong to the Archean. Associated with this class of 
rocks are immense thicknesses of regularly bedded gneisses, mica
schists, chlorite-schists, quartz-schists, quartzites, and limestones. 
Whether the regular lamination of the gneiss is due to sedimentation 
or to other forces is uncertain, but the great belts of interstrati:fied 
crystalline limestone, quartz-schists, and quartzites are evidence that 
here is a series of clastic origin, although at the present time it has 
become thoroughly crystalline. The relations of this series to the 
granites and gneisses doubtfully referred to the Archean have not been 
worked out. 

There is also in this region, as shown by the work of Davis and 
Peale, a great series of unaltered strata which are probably Algonkian. 
This series is a downward succession of barren slates below the fossil
iferous Cambrian, and if Algonkian, is the uppermost division ai'1d 
equivalent to the upper Algonkian of the Wasatch. Peale's results 
indicate that while there is no actual unconformity, there is .a change 
of physical conditions, a subsidence, and perhaps a real time break be
tween the Cambrian and Algonkian. Now here yet have the unaltered 
barren slates and the more crystalline series of clastic origin been found 
in contact. Between the slates and the Archean gneisses is a great un
conformity, and there is little doubt, when the unaltered series is car
ried over to the vertical limestones, quartzites, and quartz-schists, that 
it will be found to rest i1pon them unconformably. There is, then, in 
this region probably two series of Algonkian rocks, one almost com
pletely unaltered, the other thoroughly crystalline, and both of great 
thickness. 

SECTION IV. UTAH AND SOUTHEASTERN NEVADA. 

LITERATURE OF THE UINTA MOUNTAINS. 

MARSH,27 in 1871, states that in the Uinta mountains is an extensive 
series consisting of reddish sandstones and quartzites, sometimes meta
morphosed and apparently without fossils. The series is referred pro
visionally to the Silurian on the ground that resting conformably upon 
them are limestones bearing Carboniferous fossils; 
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H.A.YDEN,4 in 1872, states that in .the Ulntas, from the red beds ofthe 
Triassic to the oldest quartzites no unconformity was detected. The 
whole series has a thickness of 10,000 feet or more; of this the lower 
8,000 consists of sandstones and quartzites. Although no fossils were 
found, the upper part of these $,000 feet is believed to be Silurian and 
to pass down without a break to the rocks of the Huronian age. The 
quastzites are like the Sioux falls, Dakota, quartzites which are associ
ated with the pipestone referred by Hall to the Huronian. In the 
Uinta series is an excellent illustration of a gradual transition from 
unchanged to metamorphic rocks. 

Passing upward to the crest of the mountains, but downward in a 
geological sense, we find a series of purplish sandstones and slates, 
conformable with the limestones and apparently unchanged, which 
gradually pass into thick beds of gray and purple quartzite, which are 
exceedingly brittle and plainly metamorphosed by heat. The later 
formations once passed over the older ones in the Uintas, and therefore 
there has been in this region tremendous erosive forces. On Red creek, 
the only place where such a rock is found, is the largest display of white 
quartz that the author has seen in the West. This is associated with 
outbursts of old trap and some beds of true gneiss and mica-schist. 
The igneous matter has protruded itself in every opening or fissure in 
every possible direction, sometimes between the strata and sometimes 
across them, in thin layers or in huge branching masses. It is believed 
that this igneous material was protruded among the quartz beds prior 
to their upheaval. It is difficult to account for this development of quartz 
with gneiss, which rises abruptly above the quartzite, occupying a belt 
5 to 9 miles in width and ending as abruptly as it commences. The 
upper quartzites and white quartz beds seem to conform. It is remarked 
that the geology of the eastern portion of the Uinta range is very com
plicated and interesting, but to have solved the problem to entire sat
isfaction would have required a week or two. 

POWELL,28 in 1874, describes in the Uinta mountains crystalline 
schists upon which rest unconformable Carboniferous rocks. 

PoWELL,29 in1876, describes the Uinta sandstones, shales, and quartz
ites 12,500 feet thick, as resting unconformably below the Lodore 
group. Again, un€onformably below the Uinta sandstone is the Red 
creek quartzite associated with hornblendic -and micaceous schists, 
10,000 feet thick. It is evident that the metamorphism of the Red 
creek quartzite is anterior to the deposition of the Uinta group, for the 
beds of the latter, especially near the junction, are chiefly made up of 
fragments of the former; hence the unconformity is very great, and the 
quartzite was a lofty headland in the old Uinta sea-perhaps 20,000 feet 
high-when the lowest member of the Uinta sandstone was formed. 
The period of erosion separating the Uinta sandstones from the Car
boniferous beds was sufficient to carry away at least 3,000 feet of the 
former, and how much more can not be said. This unconformity is 
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seen at Whirlpool canyon and the canyon of ·Lodore, the difference 
of dip between the two groups being from 4° to 6°, and the members 
of the Lodore group steadily overlapping the upper members of the 
Uinta and cutting off more than 2,000 feet of the latter. - At the canyon 
of Lodore the Uinta sandstone also protrudes into the Lodore shales. 
On the northeast side of 0-wi-yu-kuts plateau the Uinta sandstones 
are seen to disap1)ear, having been cut off by erosion before the depo
sition of the limestone, and there is from 1,000 to 2,000 feet more of the 
Uinta sandstone at one end of the ridge than at the other. The un
conformity can also be seen in the canyon of Junction mountain, and 
has been observed on the south side of the Uinta mountains in a can
yon cut by the tributaries of the Uinta river. It is suggested that the 
Uinta sandstones may be considered as Devonian, an opinion which 
would be yielded upon the slightest paleontological evidence to the 
contrary. 

The Red creek quartzite is believed to be Eozoic. Thi~ Eozoic is 
in large part a pure white quartz, but is intimately associated with 
irregular aggregations of hornblendic and micaceous schist~. These 

· schists were, perhaps, a;rgillaceous strata between the thicker strata of 
pure siliceous sandstone. The whole group has been greatly metamor
phosed so as almost to obliterate the original granular or sedimentary 
structure so far as is apparent to the naked eye. Besides th~ recrys
tallization, they have been profoundly plica ted or implicated, so that it 
is only in a general way that any original stratification can be observed. 

The great mass of the Uinta range is of the Uinta sandstone. In
tercalated with these are shales, argillaceous material, and semicrys
talline quartzite; the whole group is exceedingly ferruginous and con
tains seams of clay ironstone. While weeks and months were spent 
in the search, no fossils were found in the Uinta group. The Uinta 
mountains as a whole have been produced by the degradation of a 
great upheaved block, having its axis in a general east and west direc
tion. The upheaval is partly a flexed, partly a faulted one, the major 
part of the faulting and the steeper inclinations being on the north 
side. 

EMl\fONS (S. F.),6 in 1877, describes the Uinta mountains as a remark
ably simple and regular uplift of an immense thick~ess of conformable 
strata, the regularity being disturbed only about a small area of Arch
ean rocks at the eastern end. These old rocks, occurring along Red 
creek and covering a comparatively small area, are quartzites, white 
mica-schists, and hornblende-schists, with a local development of parag
onite beds, and they correspond most nearly to those classed as 
Huronian in the Rocky mountains. The beds are steeply inclined and 
have suffered intense compression and distortion. The general section 
is that of a double anticline. 

On these older rocks are seen the conformably gently dipping Weber 
quartzites, and the succeeding beds were then deposited (.tJround the 
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shores of an Archean island. Above the Archean is a thickness of 
10,000 or 12,000 feet of unconformable beds, part of which co_nsists very 
1argely of quartzite and is regarded as before the Carboniferous, while 
the upper part is placed in the Upper Coal Measures and Permo-Oar- · 
boniferous. The Upper Coal Measures are limestones and sandstones 
and bear fossils; but in the great thickness of lower beds referred to 
the Weber no fossils are found. 

KING,7 in 1878, describes the Archean rocks of the Uinta range as a 
group of puTe white quartzites, hornblende schists, hydromica- (parag
onite) schist, richly charged with garnet, staurolite, and minute crys
tals of cyanite. They are referred to the Huronian. 

The Paleozoic rocks of the Uintas rest unconformably upon the 
Archean. They comprise an immense body of qua.rtzites and indu
rated sandstones intercalated with shales, 12,000 feet in thickness, re
ferred-not, however, without some questioning-to the Weber quartz
ite or Middle Coal-measures. Directly overlying these is a series of 
sandstones and limestones having a thickness of 2,000 or 2,5DO feet in 
which Coal-measu.re fossils are obtained. 

PEALE/5 in 1879, describes in the Green river district, at Station 77, 
a Cambrian section consisting largely oi quartzite and amounting to 
7,000 feet. At Station 130 is another red quartzite which has a lime
stone below it, and below them a series of green chloritic rocks unlike 
those of any other section in the district. The author inclines to place 
these below the Cambrian quartzites and considers them of probably 
Huronian age. None of these sections expose the underlying crystal
line schists. 

VAN RisE, 9 in 1889, examined the Archean core of the Uintas. The 
so-called white quartzite is found to be largely composed of white feld
spar. It is thoroughly crystalline and its lithological affinities are rather 
with the granites than the quartzites. The black bands contained in 
it, supposed by some to represent original la.yers of a different consti
tution, and by others to represent dikes, were found to be much altered 
eruptives. The unconformable contact between the Uinta series and 
the Archean was seen at many points. 

Ll'I'ERATURl~ OF THE WASATCH MOUNTAINS. 

HAYDEN, 19 in 1872, describes in the Wasatch mountains and on the 
canyon of the Weber a nucleus of granite. In Box Elder canyon are 
gneisses, quartzites, and slates. In the Port N euf canyon there are 
exposed ::tt least 10,000 feet of quartzite, the age of which is obscure, 
the only thing indicating its position being that Carboniferous fossils 
are found in the upper horizon. 

SILLIMAN,30 in 1872, regards the granite of Big and Little Cotton. 
wood canyons as probably metamorphic from conglomerates, because 
of the conspicuous patches of clark colored material which they have 
in a light gray matrix, and because with a glass there can be dete~~~q. 
a sort of pebble-like roundness in the quartz of the granite~ 

Bull. 86-19 
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HAYDEN,21 in 1873, describes syenite in the Little Cottonwood canyon 
of the Wasatch at the base of the series, upon which rest feldspathic 
gneissic strata, and unconformably upon these the lower quartzites. 
The Wasatch is probably a complete anticlinal fold. 

PE.A.LE,Z2 in 1873, states that the base of the mountains near Ogden 
is for the most part a red syenite which passes into granite and gneiss, 
and contains in places veins of hornblende, quartz, and specular iron. 
The granites of Cottonwood creek are conspicuously bedded, the dip 
being about 500 or 70° to the east, and they contain rounded pebble-like 
masses of a dark color inclosed within the gray matrix. These gran
ites are cut by veins of feldspar. The pebble-like masses suggest that 
the formation is metamorphic. 

BRADLEY, 18 in 1873, regards the core of the Wasatch as metamorphic. 
The occurrence of angular and rounded patches of dark material in tlle 
granite of the Little Cottonwood canyon is taken as evidence that 
these were pebbles of a conglomerate before its metamorphism. The 
rocks are chiefly hornblendic gneiss and syenite, with quartz veins. 

HOWELL 31, in 1875, states that in Rock canyon, near Provo, pebbly 
chlorite-schist is unconformably below hard quartzite. 

EMMONs, (S. F.)6, in 1877, describes the Wasatch range as a sharp 
north and south anticlinal fold over preexisting ridges of granite and 
unconformable Archean beds, the axis being bent and contorted by 
longitudinal compression so that at times it assumes a direction approx
imately east and west. In connection with the folding is a widely
spread system of faulting and dislocation, in a direction generally par
allel to the main line of elevation, which has cut off and thrown down 
the western members of the longitudinal folds and the western ends of 
the transverse folds, and they are now buried beneath the valley plains. 
In the northern region is a second broad anticlinal fold to the east of 
the main line of elevation. This mountain range occupies the line of 
former Archean uplift, around which were deposited a thickness of 
30,000 or 40,000 feet. of practically conformable beds extending upward 
from the Cambrian to the Jurassic. At the base of the Paleozoic is the 
Cambrian formation, which bas a small thickness of calcareous slates 
bearing Primordial fossils and a great thickness of white quartzite, in
cluding a few micaceous beds and argillites, the whole being 12,000 
feet. The granite mass constituting the center of the Wasatch was 
not protruded through the sedimentary rocks, but the latter were de
posited around them, and their present conditions are due to ~ubsequent 
elevation, flexure, dislocation, and erosion. 

In the Cottonwood canyons is a large mass of granite which shows 
a conoidal structure, and, while massive, has distinct planes of cleavage 
which dip 50° to the westward. It is a white, rather coarse grained 
granite, dotted here and there with round black spots where there has 
been a concentration of the dark green hornblende, which is a promi
p.ent constitqent of th.~ ma,ss. On the W(}Stt;rll fiauks Qf the Ootto:u~ 
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wood granites are some remnants of Archean quartzites and schists, 
which have a general strike northeast, and dip from 45° to 60° to the 
westward. At the mouth of the Little Cottonwood canyon they con· 
sist of a body of quartzites about 1,000 feet in thickness. These quartz. 
ites are different from the Cambrian quartzites of the Big Cottonwood 
canyon; they contain mica in varying quantity, and where this is 
abundant approach a true mica-schist. Toward the mouth of the can
yon the mica is replaced by hornblende. Between the Cottonwood 
canyons is about 2,000 feet of Archean slates, quartzites, hornblende
schists, and mica-schists. The Cambrian slates above the granites oj 
the Cottonwood stand at an angle of 45° dipping to the northeast. It 
is difficult to tell whether the granite should be considered as a part oj 
the main granite body, which it does not resemble very closely, or with 
the later outbursts of granite-porphyries and diorites which intersect 
the sedimentary beds of this region. These dikes are very frequent, 
especially around the Clayton peak mass, and in the region where the 
mineralization of the beds has been most developed. One of these in 
the Wasatch limestones is a dike 20 feet wide of syenitic granite
porphyry. The Paleozoic beds of the Cottonwood canyons, which fold 
around and partly cover the granite bodies, have been subjected to in
tense compression and local metamorphism, and cut by intrusive dikes 
and mineral veins. 

The Farmington Archean body is composed of a conformable series 
of gneisses, mica-gneisses, and quartzites, 12,000 or 15,000 feet thick, 
which dip westerly at about 15° or 20°. The lowest part of the series 
is coarse and structureless, but it grades up into an evenly bedded 
rock. 

HAGUE,6 in 1877, describes" the northern Wasatch region and· the 
region north of Salt lake. The geological structure of the Front range 
remains of the same type as to the southward, but the Archean rocks 
are less abundant. In the lower canyon of the Weber river are rocks 
like the Farmington Archean body, which have, however, a westerly 
dip of 40°. The Cambrian quartzite of Ogden peak lies unconformably 
on the edge of the Archean beds. In the Ogden canyon the quartzite 
is occasionally conglomeratic, containing pebbles of quartzite and jas
per. These pebbles are sometimes flattened and elongated in almond
shaped bodies, and are frequently distorted and banded into curious 
forms. Sometimes two or more pebbles are pressed together so as to 
form apparently one mass. The flattened pebbles appear with their 
longer axes in parallel planes. 

KING,7 in f878, states that on the west side of the Wasatch is a fault 
which has thrown the layers downward from 3,000 to 40,000 feet. The 
Archean rocks occupy the core of the range. Above these is uncon
formably exposed in the Cottonwood canyons a conformable series of 
Paleozoic strata 30,000 feet thick. The nucleus of the Archean rocks 
in the Oottonwoo<l ~ea is a mass of granite and granite-gneiss. This 
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rock at Clayton's peak possesses the physical habit of a truly eruptive 
granite and has been the center of local metamorphism, but the evi
dence points to the belief that it is of Archean age. In the Cotton
wood canyon there is no sharp division between the structureless gran~ 
ite and the bedded gneissoid form. In the neighborhood of Clayton's 
peak are bodies of granite-porphyry which are probably a dependent 
of the granite. . West of the granite body of Little Cottonwood canyon 
is a belt of Archean schists and quartzites having a thickness of 2,000 
or 3,000 feet and dipping at a high angle to the northeast. In the Lit
tle Cottonwood canyon the quartzites are in junction with the granite, 
while at the mouth of Big Cottonwood eanyon, in direct contact with 
the granite is mica-schist. Between the Archean granite and the crys
talline schists there are no transitions such as to lead to the belief that 
the granite is a more highly metamorphic form of the schist. The con
tact is clearly defined, the rocks mineralogically dissimilar, and the 
granite is either an intrusive mass, or else an original boss over which 
the Archean sedimentary materials were deposited. The absence of 
granite dikes in the schists strengthens the belief that the granite is 
older. The Cambrian rocks are in such a position as to indicate that 
the granites and schists alike antedate them, although in some in
stances intrusive dikes do cut the marbleized limestone, but they are 
middle-age porphyries, not to be confounded with the Archean crystal
line rocks. 

In the next Archean mass to the north-the Farmington area-in 
Sawmill canyon, there seems to be two distinct series. The later series 
consists of conformable beds of gneiss, quartzite, and hornblende
schist, which dip west at angles from 15° to 40° , and rest unconform
ably upon an intensely metamorphosed material composed of quartz, 
orthoclase, and muscovite. In reference to the Farmington gneisses it 
is said: A mica-schist passing into a hornblende-schist, or a horn
blende-schist into a granite, or a gneiss rock into an argillite, along 
the line of their longitudinal extensions, are phenomena which fail to 
appear on the fortieth · parallel. The small granitoid body in Sawmill 
canyon is referred to the Laurentian, while the second series of meta
morphic rocks, comprising the gneisses and schists, 12,000 or 14,000 
feet thick, are referred to the Huronian, as are also the argillites of 
Salt lake islands. 

The Paleozoic series of the Wasatch, although 30,000 feet in thick
ness, show in their lowest portions only a very slight tendency to become 
crystalline schists. The pre-Cambrian topography of the northern part 
of the .Wasatch was that of dome-like peaks with gent~y inclined 
sides. The Cottonwood canyons, however, presented an almost pre
cipitous face of 30,000 feet to the westward. The height of the range 
was then, therefore, from 17,000+ feet to 30,000+ feet. 

Passing upward from the Archean, at the base of the Paleozoic 
slates are Lower C~mbri~n sla,tes ~nd d~rk argillites and intercalated 



VAN HISIIl.] THE CORDILLERAS. 293 

siliceous schists 800 feet thick; above this Cambrian quartzite, an im
mense series of siliceous and arkose rocks 12,000 feet; and above this 
Cambrian calcareous shales of variable thickness, and containing Pri
mordial fossils, 75 to 600 feet. This great thickness is found in the 
Cottonwood area, · on the lower half of Big Cottonwood canyon, and 
from Big Cottonwood canyon in a northeasterly direction across the 
spur which divides the waters of Cottonwood creek from Mill creek. 
In other localities the Cambrian is far thinner or wholly absent. The 
section in the Big Cottonwood canyon, in passing upward, comprises 

·black slates and thinly laminated argillites 800 or 900 feet in thickness; 
above these, 8,000 or 9,000 feet of mixed siliceous schists and argilla
ceous schists; above these, 3,000 feet of true quartzite capped by 200 
feet of schistose rock, quite micaceous toward the bottom, and at Twin 
peak approaching a true mica-schist. ·At the second section the series 
consists of four members: the bottom slates, 800 feet thick; varying 
siliceous and argillaceous schists, containing some mica-bearing zones, 
8,000 or 9,000 feet thick; salmon colored and white quartzites, inter
calated with clark schists, 2,500 to 3,000 feet; and the capping schists 
·of 200 feet, which are partly argillaceous and calcareous rocks and 
partly mica-bearing argillites. Passing up the Little Cottonwood, the 
successively higher members of the Cambrian rest against the granite 
until the latter rises into contact with the Silurian limestone, which 
conformably overlies the Cambrian. Although a careful search was 
made in these schists no fossfls were found. 

GEIKIE,32 in 1880, discusses the nature of the pre-Cambrian mountains 
of the Wasatch and the eruptive or metamorphic origin of the Cotton
wood granite. That this granite is eruptive is maintained on the 
grounds of the enormous height of the cliff' which would be required in 
case it was an Archean island; that if it were an old shore line, some
where granite pebbles would be found to-day; that the granite is said 
by King to be a source of local metamorphism; that there are porphy
ries cutting the limestones, probably dependent on the granite; and 
that it is exceedingly improbable that there was a clifl' 12 miles high 
which has been turned over on its back as required by the descriptions 
and sections by King. All these difficulties are overcome by regarding 
the granite as a subsequent intrusive of post-Carboniferous age. 

WALCOTT,33 in 1886, describes the Big Cottonwood canyon section of 
Cambrian rocks, which is found to be 12,000 feet thick. It consists of 
shales, quartzites, sandstones, and slates. The upper 250 feet of shale 
bears the Olenellus fauna, while other layers, although in a most excel
lent condition for finding fossils, did not reveal any. The Olenellus 
horizon is pl:;teed at the base of the Middle Cambrian and the great re
maining part as Lower Cambrian. 

EMMONs, (S. F.)/4 in 1886, discusses the possibility of the post-Cam
brian eruptive character of the Cottonwood granite. This body occu
pies an area of about 7 by 15 miles, and a thickness of some 5 miles of 
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sedimentary rocks abuts against its northern side, the principal mem
bers sweeping around and in part covering its eastern portion and con
tinuing southward in an almost horizontal position. There is no especial 
disturbance of these beds in contact with the gTanite so far as observed. 
Neither are any masses or fragments of sedimentary rock included in 
the granite. Regional metamorphism exists in changing the sandstone 
to quartzite and limestone to marble, and porphyry dikes cross the 
sedimentary strata, but these have no necessary connection with the 
granite. If the granite is an intrusive mass cutting the Carboniferous 
strata, it is necessary to believe that it has assimilated or eaten up over 
500 cubic miles of sedimentary rocks. If it has done this it has left no 
trace of fusion in the adjoining rock, and without showing in its own 
structure and position any marked variation from that of a normal 
rock. · It is further difficult to understand where the great supply of 
heat is to be obtained to do this work. 

WALCOTT/5 in 1889, places the Olenellus horizon at the base of the 
Cambrian and the great series of conformable siliceous rocks, 11,000 
feet thick, below this zone as pre-Cambrian or Algonkian rocks. 

VAN HISE, 9 in 1889, made an examination of several canyons of the 
Wasatch. While the Cottonwood granite mass has a regular struc
ture which is seen in the great cliffs, it is apparently completely mass
ive, even in huge blocks. The apparent lamination is due to the 
parallel arrangement of the minerals, which have crystallized with 
their longer axis in the same direction. The lamination of the granite 
is not more marked than is the case with some of the unmistakable 
gabbros of the Keweenaw series. An examination of the granite in 
thin section shows that the feldspars have universally a well marked 
and beautiful zonal structure, such as is known only in eruptive rocks. 
Sections of some of the black bowlder-like areas so common in the gran
ite differ from the mass of granite only in that hornblende is more plen
tiful. The main Cottonwood mass and Clayton peak granite are 
identical in character. In places the sedimentary rocks, and especially 
the limestones, are exceedingly metamorphosed. In one pl~ce, near 
the head of Little Cottonwood canyon, at a contact with the granite it 
was exceedingly difficult in the field to tell where the white granite 
ended and the crystalline marble began. In thin section there is no 
difficulty in separating the marble and granite, so that there is. no 
transition here. However, the granite became a true porphyry in 
places, a fact difficult of explanation unless it is regarded as a later 
intrusive. 

In the Cambrian of the Little Cottonwood was found a conglomerate 
which carries unmistakable granite pebbles and black fragments which 
were thought in the field to resemble the black hornblendic areas so 
often mentioned in the granite. These, however, when examined in 
thin section were found to be entirely unlike those contained .in the 
granite. The granite fragments are small and sparse and do not ap
pear to be lithologically like the massive granite of the Cottonwood. 
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An examination of the Weber canyon of the Farmington area showed 
that the rocks, instead of always having a western dip as described, 
are most intricately and minutely folded and dip both east and west, 
although having a general sameness of dip for considerable areas. In 
this canyon and in Sawmill canyon a search failed to :find evidence of 
unconformity between two series of Archean rocks. The schists 
and gneisses are cut by pegmatitic granite veins in the most irregular 
and intricate fashion. The main mass of the lower part of the Sawmill 
canyon .Archean is a series of schists. In going up the canyon, gran
ite begins to appear cutting the schists, and becomes more and more 
prominent until it is the most abundant material. It is here exceed
ingly coarse, and the whole appearance is that of an intrusive which 
has cut the schists and gneisses by numerous apophyses. It is prob
able that the small area referred to by King as being the older uncon
formable .Archean was not found. 

LITERATURE OF THE PROMONTORY RIDGE, FREMONT ISLAND AND ANTELOPE ISLAND 
RANGES. 

STANSBURY/ in 1853, states that granite, gneiss, mica-schist, slate, 
and hornblende-rock occur at .Antelope and Fremont islands. On the 
west side of Fremont island is a bold escarpment 100 feet high of tal
cose slate, overlain by granite and gneiss. On Promontory point mica
slate and limestone were seen. 

HAGUE/ in 1877, finds the promontory of Great Salt lake to consist 
of quartzites and mica-bearing schists in a conformable series, dipping 
to the west about 38°, and estimated to be 3,800 feet thick. In the 
middle of the series is a zone of calcareous sandstone, within which are 
several beds of limestone. In the vicinity of Promontory station the 
.Archean schists are overlain by limestones. On Fremont and Ante
lope islands are outcrops of .Archean rocks. That of Fremont island 
consists of hornblendic and micaceous gneisses, dipping to the west, 
while that of 4ntelope island is mostly gneisses with some quartzites 
and mica-slates, one of these beds becoming calcareous and approach
ing a limestone. 

LITERATURE OF THE OQUIRRH MOUNTAINS. 

HAYDEN,21 in 1873, describes regularly stratified quartzites as resting 
upon a series of granitoid strata in the Oquirrh mountains at the south 
end of Salt lake. The quartzites pass up into micaceous clays or shales, 
then into limestones. The lower beds of quartzite and limestone are 
probably of Silurian age, and it is kn·own that the second limestone is 
of Carboniferous age. 

EMMONs, (S. F.),6 in 1877, finds granite-porphyry in the foot-hills ofthe 
Oquirrh mountains, and in the same range, at the head of Bingham 
canyon, are diorite dikes which resemble those of the main Wasatch 
range. 
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LITERATURE OF THE AQUI MOUNTAINS. 

EMMONS, (S. F.),6 in 1877, describes at Bonneville peak a body of white 
quartzite not less than 6,000 feet in thickness dipping to the westward. 
In this quartzite are beds of conglomerate strata, the pebbles ofwhich are 
flattened and of argillaceous rock, containing mica and becoming imper
fect mica-schists like those east of Farmington. This series is regarded 
as equivalent to the Cambrian of the Wasatch on lithological grounds, 
because it rests below a great limestone formation and because it is 
thicker than any of the higher quartzite series of the Wasatch. On 
Grantville peak a similar series is found. 

KING, 7 in 1878, describes in the ridge east of Egan canyon as occur
ring directly over the granite several thousand feet of quartzitic schists, 
capped by about 50 feet of highly laminated fissile argillites, which are 
quite similar to th,e quartzitic schists of the Wasatch 

LITERATURE OF THE RAFT RIVER RAJ.~GE. 

HAGUE/ in 1877, describes in the Raft river range a considerable 
body of structureless medium grained granite, forming the central mass. 

UTERATURE OF SOUTHERN UTAH AND SOUTHEASTERN NEVADA. 

GILBER'l',36 in1875,states that the ridges of the Basin range system 
are in part composed of granitic and cognate rocks. The granite occu
pies various positions. Often it is the nucleus of the range against 
which inclined strata rest. Blsewhere it appears in dikes, traversing 
either the sedimentary rocks or other granites. In a few instances it 
was observed to overlie the sedimentary rocks, while in a number of 
localities the evidence of its eruptive character is unequivocal; in 
others it is plainly metamorphic, and in by far the majority of cases it 
appears to have assumed its relation to the undoubted sedimentary 
rocks before the upheaval of the combination. In the Granite mining 
district the section shows a white crystalline marble overlain by gran
ite, which appears to extend from the summit of the range to the oppo
site base. The axis of the Snake river range consists of quartzite and 
limestone, with a limited amount of · crystalline schists and granite. 
Metamorphic sedimentary rocks of undetermined age were seen at a 
number of points and have been regarded provisionally in mapping as 
Archean, with which have been grouped the granitoid rocks. 

MARVINE/j in 1875, states that crystalline rocks are found on the 
Salt lake road in the Virgin mo11'll.tains. 

HoWELL,31 in 1875, states that Granite rock is an island of granite 
in the desert, which shows traces of bedding, with a high dip to the 
west. The nucleus of Snake range is · granite, exposed at many plates, 
and overlain by quartzite, shale, and limestone. 
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SUMMARY OF RESULTS. 

In th~ Uinta mountains the much folded, banded, and contorted 
granitic rock (so-called quartzite) of Red creek canyon, in its crystal
line character, in the intricate way in which it is folded and is cut by 
andent metamorphosed basic eruptives, is more nearly analogous to the 
fundamental complex of other areas in the West than to the Huronian, 
as Las lJeen before suggested. 

The lithological analogy between the overlying Uinta series and the 
Huronian Sioux quartzites, mentioned by Hayden, is very close indeed, 
but can be considered as a guide of no great importance. This great 
series of sandstones, quartzites, and shales, unconformably below the 
Carboniferous and separated by a great unconformity from the funda
mental complex, may, so far as present certain knowledge goes, belong 
anywhere from the Devonian to the Algonkian. 

That it is the equivalent of the Weber conglomerate of the Wasatch 
and belongs to the Carboniferous, as tentatively placed by the Fortieth 
Parallel Sluvey, is not likely. Its great thickness, its separation by a 
very considerable unconformity from the fossiliferous Carboniferous, 
and its lithological character, combined with the fact that a careful 
search by different observers has revealed no fossils, make it probable 
that it belongs as low in the geological column as the great basal quartz
ite series of the Wasatch, in which case it is Upper Algonkian. It 
is not certain that the series does not occupy a still lower position, per
haps being equivalent to the Huronian, as already suggested. 

The general structure of the Wasatch, as explained by the Fortieth 
Parallel surveyors, stands untouched by later work; that is to say, 
there is here a great series of pre-Cambrian rocks, against which was 
deposited unconformably an immense thickness of clastic deposits, and 
the abrupt western face of the Wasatch is due to a great fault. 

Passing to details, it is plain that Geikie's objections to the pre-Cam
brian character of the Cottonwood granite mass have great weight. 
However, it is to be said that while the difficulties involved in the 
explanation of the Fortieth Parallel surveyors is considerable enough, 
they do not appear to the writer to be so great as indicated by Geikie. 
The pre-Cambrian mountain represented in the sections, instead of 
being 12 miles high, is but half of that height, since its height is not 
ascertained by measuring its horizontal base, but by the perpendicular 
distance between the extension of the Cambrian basal beds and the 
topmost granite. Also, if the stratified beds are supposed to be de
posited about the mountain with a slope away from it, as is common 
along a steep shore line, the altitude of the mountain would be even 
less than this. This estimate does not provide for the increased alti
tude which the mountains must have had before being buried. If the 
section is turned back so as to represent the stratified rocks as hori
zontal, the average steepness of the granite to its culminating point is 
found to be in the neighborhood of 450, the lower reaches being less 
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than this, but the steepness increasing to more than this amount in 
the upper slopes of the mountains. If the strata are considered as 
originally deposited with a dip of 10° away from the mountains, this 
would reduce the average slope of the mountain to 350, Even with 
these allowances it is to be said that a buried slope of this degree of 
steepness, which is covered by the debris of an advancing shore line 
with the additional altitude of the mountains required in order to fur
nish the surrounding debris, seems highly improbable. 

So far as facts were observed by the writer bearing upon the ques
tion of the character of the Cottonwood granite, they tend in the same 
direction as Geikie's conclusion. If this granite is supposed to be a 
later intrusive, the metamorphism of the sedimentary beds noted by 
the Fortieth Parallel surveyors, the presence in them of the granite
porphyry dikes, the sharp contacts and manner in which this eruptive 
mass cuts across the Archean crystalline schists at the foot of Little 
Cottonwood canyon, are all explained. In this connection it is to be 
said that so far as known the zonal character of the feldspars so well 
displayed by this rock is nowhere found in such perfection in such, 
ancient rocks as the pre-Cambrian, although this point may not be one 
of much weight. If the granite is an eruptive, the contained round 
black areas described by nearly all obse.rvers, and early taken as evi
dence that the granite is metamorphic, must either be partially absorbed 
fragments caught by the eruptive mass, or else segregations of horn
blende which formed at the time of the crystallization of the rocks. If 
the post-Cambrian eruptive origin of the granite be accepted, there is 
no necessity for considering the Wasatch fault of such great magni
tude and the pre-Cambrian mountains of almost incredible steepness 
and height. 

Upon the other side, it must be said that if the estimate given by 
Emmons of the amount of sedimentary material of necessity absorbed 
by the eruptive theory-500 cubic miles-be correct, it is almost an 
equal strain upon belief. In this connection the question arises whether 
a closer study of the region will not show that the Cambrian strata 
have a quaquaversal arrangement about the Cottonwood granite as do 
the Silurian, Devonian, and Carboniferous strata, the edges of the 
Cambrian being uptilted, and, like them, the structure as a whole being 
batholitic. While it may be found that the entering granite has ab
sorbed a portion of the Cambrian quartzite, the amount thus assimi
lated would be comparatively small. On this hypothesis the present 
distribution of the rocks would be explained by intrusion and erosion. 

The relations of the clastics to the much larger Farmington and 
northern Archean areas, unquestionably older than the sedimentaries, 
are such as to require comparatively low and relatively gentle slopes 
and pre-Cambrian mountains not higher than from 12,000 to 18,000 
feet; that isJ mountains not higher than those at present existing adja
cent to the ocean. 
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In the Wasatch, among the rocks which the Fortieth Parallel survey 
pl«>ced as pre-Cambrian, the writer was able to find no rocks which are 
not completely crystalline. An examination of the specimens collected 
by that survey showed no clastic rocks. In the Farmington area the 
crystalline schists and gneisses are cut by coarse, intrusive granites; 
hence, so far as at present known, aside from the usual fllndamental 
crystalline complex, there is no evidence of any rocks below: the con
formable succession placed in the Paleozoic, excepting the small area of 
quartzites and quartzose mica-schists at the foot of the Cottonwood 
canyons. The reference of the basement complex of the Wasatch to 
the Huronian on lithological grounds by the Fortieth Parallel survey 
could have been made only by a mistaken conception of the real char
acter of that series. This complex is lithologically much more nearly 
like the crystalline complex of rocks usually referred to the Laurentian· 

The calcareous argillites, limestone, and the quartzites occurring on 
Antelope island and Promontory ridge are of a different lithological 
character from the main area of Wasatch Archean and may represent 
a later series of rocks. To this series the Lower Cottonwood schists 
may also belong. There is no decisive structural evidence in the nature 
of known contacts showing that these rocks are older than the lower 
part of the succession which was referred to the Paleozoic, but the 
latter series is nowhere so crystalline, and the fact that these rocks 
were placed in the Archean rather than the Paleozoic by the Fortieth 
Parallel survey shows that the affinities of these rocks were thought to 
be with the former. Since part of the rocks here included are certainly 
of clastic origin, it appears that there is in this region representatives 
of the Algonkian system. 

Below the Olenellus fauna in the great succession of rocks referred 
to the Paleozoic by the Fortieth Parallel survey is a conformable infe
rior series of quartzites and schists about 12,000 feet in thickness. 
There is no evidence that these are not pre-Olenellus, and they are there
fore doubtfully mapped as pre-Cambrian or Algonkian. The descrip
tions of this series show that it is a considerably altered one. The sand
stones have been indurated to quartzites, and the mica-schist of Twin 
peak is quite crystalline. If this reference of theW asatch lower quartz
ite to the Algonkian proves correct, it stands as the uppermost series 
of this system, in a position equivalent to the great series .of banen 
slates of Montana, described by Davis and Peale as conformably below 
the Cambrian. 

SECTION V. NEVADA., NORTH OF PARALLEL 39° 30'. 

LITERATURE. 

SCHIEL,38 in 1855, states that in the Humboldt and other island moun
tains of the desert west of Salt lake are granites, syenites, quartzose 
rocks, and clay-slates. 
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EMMONS, (S. F.), and HAGUE,6 in 1877, describe the mountain range~ 
of the Nevada plateau and the Nevada basin. 

Granites constitute the entire cores, or a large part of the cores, in 
the following ranges: Ibenpah, Wachoe, Antelope, Schell creek, Egan, 
Franklin buttes, Om be, Gosi-ute, Peoquob, East Humboldt, White Pine 
or Pogonip, Wah-weah, Cortez, Seetoya, Shoshone, Toyabe, Augusta, 
Fish creek, Havallah, Pah-ute, West Humboldt, Montezuma, Pah-tson, 
Granite, Pah-supp, Sah-wave, Truckee, and Lake. 

In the hills between Antelope and Schell creek mountains, in the 
Goose creek hills, and in Franklin buttes, granite-porphyry is also found. 
In the Franklin buttes there is a gradation from syenitic granite, 
through granite-porphyTy, into genuine felsite-porphyry. The hills 
between the Antelope and Schell creek ranges contain cores of granite, 
east of which are interstratified beds of dolomite, marble, and dikes of 
granitic porphyry. These are considered to represent the development 
of an Archean body. 

The granite of the Wachoe range is different in its lithological char
acter from the Raft, Ombe, Gosi ute, and Peoquob ranges, and is there
fore regarded as eruptive. No decisive evidence shows its age, but it 
is regarded, because of the nature of its occurrence, structure, and min
eralogical habit, as probably Jurassic. The granite of the Fish creek 
mountains is structureless and would seem to be an intrusive body. 
The entire mass of the l?ah-supp range consists of granites which resem
ble the later granite of the Pah-tson range. 

The Cluro hills of the Cortez range are composed of syenite-granite, 
which is the only true syenite found in the region. 

The Peoquob, East Humboldt, Shoshone, West Humboldt, Monte
zuma, Pah-tson, Truckee, Lake, and Pea Vine mountains contain, 
besides the granitic rocks, various crystalline slates and schists which 
are regarded as Archean. On Spruce mountain of the Peoquob range 
are mica-schists and mica-slates which probably belong to the older 
series, but the relations are obscure. They are distinctly bedded, finely 
lami_nated, and similar to the crystalline schist series of the Humboldt 
range. The East Humboldt range, the main range of central Nevada, 
is a mass of Archean rocks, which acts as the axis of an anticlinal fold 
and upon which rest unconformably the Devonian and Carboniferous 
strata. The southern part of the range is composed of granite in two 
large areas, which possesses, at White Cloud peak, the characteristics 
of an eruptive granite, there being no distinct lines of bedding, although 
divisional planes are noticeable. The northern granite mass is uncon
formably overlain by a series of quartzites, hornblende-schists, and 

- gneisses which contains beds of_ dolomitic limestone from 1 to 6 feet 
in thickness, separated by micaceous quartzites and mica-schists. This 
series, estimated in the northern part of the range to be from 5,500 to 
6,000 feet in thickness, is best seen on Clover canyon and Boulder 
creek. There is every gradation between the coarse gneissoid phaseS' 
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and the· fine grained mica-schists. The granite of the Humboldt i8 
similar to the Laurentian of the Appalachian, while the unconformably 
overlying series closely resembles the eastern Huronian. In the South
ern Shoshone range an original Archean island is wrapped around by 
fine grained mieaceous slate. The Archean granite of Ravenswood 
peak has remarkably regular bedding planes app.arently conformable 
to those of the overlying slates, which give it the appearance of being 
a stratified granite, although it at the same time traverses the slates 
in dikes. The Ravenswo.od peak granite to the east is essentially dif
ferent from the Archean granite and is- evidently of later origin. In 
the West Humboldt range the granite shows structural planes. Along 
its northern and western edge it is overlain by a series of metamorphic 
schists and gneisses, which are in turn overlain by fine, white, knotted 
schists. The strike of these beds is N. 38° E., and they stand nearly 
vertical. The contact of the granite and schist shows in a horizontal 
plane irregular angular intrusions of the former into the latter, masses 
of schists lying in the granite and extending as promontories from the 
main mass for 400 or 500 feet. The line of demarcation between the 
two bodies is easily observed, and there seems to be no tendency for 
the schists to pass by gradation into the granite. Dikes penetra~ 
both the granite and schists. The range is regarded as an anticlinal 
fold. In the Montezuma range are slates and schists which rest uncon
formably upon the granite. The Pah-tson mountains consist almost 
entirely of granite and crystalline schists, which are cut by numerous 
dikes, the whole being regarded as Archean, because the dikes do not 
cut later eruptive granites, which are found in considerable quantity, 
and differ markedly from those which are regarded as Archean. In 
the Truckee range are found quartzitic schists and hornblendic rocks 
with both older and later types of granite. The metamorphic schists 
cut by intrusive granites refer:red to the Archean occupy but a small 
area, the later granites making up the greater part of the range. In 
the Lake range are granite and Archean gneissic rocks, which are 
quite unlike any other observed rocks in western Nevada. The Pea 
Vine mountains consist of quartzites and fine grained feldspathic rocks, 
which are referred to the Archean, but their relation to the other 
crystalline rock masses has not been made out. 

In Schell creek, Egan, Pogonip or White Pine, and Pinon ranges the 
granite is overlain by Cambrian strata. In the Schell creek mountains 
are limestones bearing Primordial fossils overlying heavy bodies of 
Cambrian quartzite. In the Egan range, overlying the granite, is a 
series several thousand feet thick of quartzites and quartzitic schists • with a 50-foot bed of roofing slate. The main mass of quartzite is 
thoroughly vitrified, showing little trace of granular structure. A por
tion of the quartzites show evidence of having been submitted to great 
pressure, and the slate at times gets tope micaceous, and even becomes 
a normal mica-schist. This series doubtless represents the Cambrian, 
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but the direct contact of the . overlying limestones was not observed. 
Overlying the granite ofthePogonip mountains, apparently unconforma
ble with the granite, are outcrops of mica-slate and black arenaceous and 
argillaceous slates and shales, in turn overlain by an undetermined 
thickness of compact vitreous quartzite. .Above this quartzite (regarded 
as Qambrian because resembling the Cambrian quartzites of the other 
Nevada localities) occurs the Pogonip fossiliferous limestone the higher 
beds of which are referred to the Quebec group. In the Pinon range, 
below the heavy Silurian limestone there occurs a heavy bed of red and 
brown quartzite under lain by mica-schists and quartzitic schists 51000 feet 
in thickness, which from their position inferior to the Silurian and their 
similarity to the Wasatch Cambrian are referred to the Cam brian age. 

In the East Humboldt range overlying the granite is quartzite, which 
is referred to the Ogden, but without any overlying rock. In the 
Wah-weah range, surrounding the granite, occurs a heavy bed of 
quartzite, which is referred to the Ogden Devonian, although but little 
examined. 

In the Ombe, Gosi-Ute, Peoquob, Little Cedar, Toyano, Fountain 
Head, Cortez, River, Northern Cortez, and Battle ranges the rock over
lying the granite is a nonfossiliferous quartzite referred to the Weber. 
These quartzites are generally of a bluish gray color, contain flint and 
chert fragments, often angular, and jasper pebbles, sometimes have thin 
seams of carbonaceous material, are often ferruginous, and not infre
quently conglomeratic. .At these ranges the Weber is overlaid by heavy 
bodies of limestone referred to the Upper Coal-measures, generally 
carrying fossils to the contact with the quartzite. At most of these 
ranges the quartzite is several thousand feet thick, sometimes as much 
as 61000 or 7,000. .At Pilot peak of the Ombe range, interstratified 
with the quartzites, are mica-schists, and the series resembles the Cam
brian of Bonneville peak, .Aqui mountains. In the Seetoya and Sho
shone ranges the quartzites referred to the Weber are between heavy 
beds of limestones, and in Two Cubits it conformably overlies an 
enormous development of Wasatch limestone. 

The stratified rocks overlying the Havallah, Pah-Ute, West Hum
boldt, and Truckee granites are referred to the Triassic; that overlying 
the granites of the Pah-supp range is referred to the Jurassic; while 
the gray slates resting unconformably above the Sah-wave are referred 
to the Miocene. These references are mostly made on lithological 
grounds, because no Paleozoic strata have been recognized west of the 
Battle mountains, although in certain cases paleontological evidence is 
found. 

It is remarked that throughout Nevada are targe bodies of quartzites 
without any clue to their stratigraphical relations with an underlying 
or overlying limestone, the adjacent rocks being either granites or Ter
tiary volcanic outflows. It i.s then exceeding difficult, if not impossi
ble, Q.efinitely to Q.etermine their true geological hori~o:u~, ln many 
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cases lithological and structural resemblances furnish a strong aid, 
which, when followed up, not infrequently throw the evidence in favor 
of one or the other of the great zones of quartzites; but inmanyeases 
such resemblances are meager, and the references are made upon theo
retical grounds, being upon slight evidence, or even personal impres
sions received in the field. 

KING, 7 in 1878, describes many of the Nevada ranges. 
In the Gosi-Ute range the . Archean rocks are granite, granite-por

phyries, and crystalline dolomites, all of which are interlaminated and 
are chemically allied to those of the Humboldt range. That the gran
ite-porphyries are interstratified with the marbles confirms the proba
bility of their being metamorphic. 

The Archean of the Humboldt range, with the exception of :t small 
body of granite, is composed of a conformable series of gneisses, gneiss
aid schists which are sometimes hornblendic, dolomitic limestones, and 
quartzites, all of which dip to the west. It is evident by the entire ab
sence of easterly dipping Archean and Paleozoic rocks that a fault 
similar to that at the Wasatch has cut down the core of the range 
from north to south, and that the eastern half is depressed below the 
level of the Quaternary plain. The White Cloud peak granite bears a 
singular resemblance to some of the Huronian granitoid rocks, also 
conceived to be metamorphic. The granite appears to underlie con
formably the series of schists. The gneisses of Clover peak can not be 
distinguished in hand-specimen from a granite, except that there is an 
indistinct parallelism of its dark constituents. Between this stage and 
the truly schistose gneisses there is every possible transition. The 
limestone series is not over 50 or 60 feet thick, in beds from half an inch 
to 6 feet. Intercalated with the limestones are gneiss and porphyries 
very like those in the Gosi-Ute range. The upper beds pass through a 
transition into the pure quartzites. The Humboldt Archean schists 
have a family likeness with those of the Farmington region of the 
Wasatch and those of the Medicine Bow. 

In the Cortez range a central body of granite is inyaded by syenites, 
is overlain on the west by a quartzite, which is, for the sake of conven
ience, referred to the Weber. 

In the Shoshone range the stratified series dip away from the central 
mass, which has rather the appearance. of an intrusive core. From 
their likeness to other known Archean rocks, and for want of reasons 
to the contrary, these schists, together with the granite, are referred to 
the Archean. Regular parallel divisional planes are seen in the gran
ite, so as to give it an appearance of stratification, but as it penetrates 
the schists in the form of a dike, there is no doubt of its eruptive 
origin. 

In the Havallah range, associated with the older granites, are intru
sive granite bodies, but such occnrr~:qc~s ~r~ ~~ceptional along the 
area of the fortiet4 :parallel, 
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In the vVest Humboldt range a variety of crystalline schists are 
found unconformably upon the granite, there being no tendency for a 
passage to occur between the two rocks and dikes Qf granitic material 
invading the schists. In the schists are roundish areas of quartz, 
which might be explained on the supposition that they are the pebbles 
of conglomerates, but they are more probably an aggregation formed 
during metamorphism. 

In the Montezuma range the granite of Trinity peak is undoubtedly 
of eruptive origin, as may be determined from its general habitus and 
from its penetrating the Archean schists in well defined dikes. 

In the Pah-tson range the Archean nucleus consists of. crystalline 
schists, a limited amount of granite, and a subsequent granite which 
bas crtt through the older granites and schists. These are all cut by 
dikes of later age, but supposed to be Archean. 

The Truckee range is composed of schists and granite representing 
two periods of formation. 

The Pea Vine mountains consist of a series of conformable, highly 
altered beds, striking from north 50° to 65° east, made up for the most 
part of fine grained quartzite strata, riven in every direction with mi
nute :fissures, which are filled with ferruginous material. 

It is remarked that in the absence of any granitic dikes penetrating 
the stratified series, or of peculiar local metamorphism, or general evi
dence of intrusion, the bodies are usually referred to the Archean. 
Only in cases where the granite is actually seen to penetrate the open
ings in the strata is it safe to refer it to a later age than the sedimen
tary series. 

In the analytical map the rocks are divided into two classes, the inten
tion being to discriminate those formations which are sedimentary from 
the class of eruptive rocks; but this line can not be drawn with pre
cision, because the series of gneisses pass into the massive layers and 
because limited bodies of granite which are massive might if more 
largely exposed pass into crystalline schists or other Archean sedi
mentary rocks. 

It is not easy to analyze those subtle appearances which lead the 
observer to incline to one or the other of the two possible modes of ori
gin of a granite outcrop. Parallelism of bedding, and even parallelism 
of the arrangement of miner.als, are consistent with the theory of an 
eruptive origin. Certain masses of gneissoid granite appearing in 
the great eruptive granite body of the Sierra Nevada show quite as 
much parallelism of bedding and internal arrangement of minerals as 
the Rocky mountain granites to which we have assigned a metamor
phic origin; yet the Sierra field, as a whole, is clearly eruptive. But 
at the same time, in the intimate arrangement of the mineral particles 
and in the mode of contact betw~en the various mineral ingredients, 
there is a certain broad uniformity in all the eruptive granites which 

· produ.ces a characteristic impression upon the eye. On the contrary, 
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the granites which we conceive to have been of metamorphic origin, no 
matter how simple the mineralogical coii).position, have always a pecu
liar variability of arrangement; and even in the absence of any pro
nounced parallelism, they show the efl"ect of interior compression and 
irregular mechanical influences. On the one hand, in the eruptive 
granites there · seems to have been a steady expansive force, doubtless 
due to the heat and elastic fluids, which gave to all the particles a cer
tain independent polarity, while in the metamorphic granites they seem 
to have been crowded into constantly conflicting positions. As the 
result of this, the crystalline particles of the metamorphic granites are 
much less apt to have completed their crystallization, or, if it was com
pleted, they have been crushed and torn asunder and their particles 
scattered, while in the case of the eruptive granites crystallization 
seems to have been more perfected. The result of this is to give to the 
eruptive granites something of the uniformity of texture of a volcanic 
rock, while all the metamorphic granitoid rocks, when once the gneis
soid parallelism of minerals is broken up, have a crushed, irregular, 
and confused mode of arrangement. 

The metamorphic rocks of the Humboldt mountains, Franklin buttes 
and the Kinsley district are provisionally correlated with the Huronian 
of Canada. 

The foregoing ranges are referred to the Archean simply on petrologi
cal evidence. This mode of correlation is dangerous, but a general 
study of the whole region has strengthened the belief that in the Pa
leozoic series as a whole there are none of those results of extreme 
metamorphism which in the Appalachian system are described by some 
geologists as closely approximating to Archean forms. 

Besides mentioning localities given by Hague in which Cambrian is 
found, it is said that an excellent exposure of Cambrian schists and 
quartzites is found underlying the Pogonip limestone, in the range of 
hills including the Eureka Mining district and connecting the Diamond 
and Pillon ranges. 

H.A.GuE,39 in 1883, describes the Eureka district as a mountain block 
standing between the Pinon and Diamond ranges. At the base of the 
series is the Prospect mountain quartzite, 1,500 feet thick, over which 
is a shale 100 feet in thickness bearing the Olcnellus fauna. One small 
area of granite is found. The Prospect mountain quartzite lies in con
tact with and dips away from it in irregular broken masses. 

W .A.LCOTT,33 in 188G, describes the Eureka series of Nevada as mid
dle Cambrian and finds at the top of the Pro~pect mountain quartzite 
the Olenellus fauna. In the adjacent Highland range a more abundant 
fauna is found in the lower 1,500 fest of quartzite. 

WALCOTT, 35 in 1889, places the lower quartzite of the Eureka and 
Highland sections as basal Cambrian. 

Bull. 86-. 20 
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SUMMARY Olf UESULTS. 

It is evident that west of the Wasatch no such detailed and careful 
work was done by the Fortieth Parallel Survey as in that range and in 
the ranges to the east . . In the Nevada ranges, which contain granite 
only, the reference of the rocks to the Archean or to a later period is 
based upon too little evidence, and it can only certainly be said that in 
each case the granites are older than the oldest sedimentary rocks with 
which they are in contact and do not cut. Some of the granite areas 
are said to be as late as the Jurassic, as for instance that of theW as hoe 
rauge, which is in eastern Nevada. That this is an intrusive could be 
determined, because it cuts the pre-Jurassic rocks; but in the numerous 
cases in western Nevada the undisturbed sedimentary rocks adjacent 
to the granite ranges are Triassic or Jurassic; so that granites earlier 
than these periods, but far later than the Archean, would ·show no 
structural evidence of their late age. 

It is now well settled that granitic-textured rocks vary into porphy
ritic forms, but to the Fortieth Parallel Survey belongs the credit of an 
early recognition of this. In the Gosi-Ute and Franklin butte ranges, 
in which the rocks are referred to the Archean, the granites are said to 
grade into granite-porphyries, and at Franklin butte into a genuine 
felsite-porphyry. 

In the Gosi-Ute the granite-porphyry is so associated with crystalline 
limestone, referred to the Archean, as to lead to the conclusion that 
both the granite and granite-porphyry are metamorphosed sedimentary 
rocks. It seems far more probable that they are eruptives later than the 
crystalline limestone and have been the cause of its metamorphism. 
This explanation was applied by the Fortieth Parallel surveyors to the 
case of the interstratification of marbles and granitic porphyry in the 
hills between the Antelope and Schell creek ranges. In the western half 
of Nevada, especially, are abundantly found late rhyolites, trachytes, 
porphyries, etc., so that it may be said that this has been a region of 
great volcanic activity until late time, the chemical composition of 
many of the rocks being the same as granite. While probably mistakes 
have been made as to the age of the granites in individual cases, the 
general point which King makes that the ancient granites have a 
crushed, irregular, and confused mode of arrangement of the minerals is 
one of considerable weight, although it would have no bearing upon 
their origin; for this condition of the minerals would by many geolo
gists be taken as merely evidence of powerful dynamic action which 
has produced the present confused. condition in an eruptive granite, 
rather than the result of metamorphic processes upon a sedimentary 
rock. The exhibition of these characters by one mass of granite and 
their lack in an adjacent one, indicates that the former is of greater 
age because the other has escaped the effects of dynamic action. 

In the cases of the Schell creek, Egan, Pogonip, and Pinon ranges, 
where below the Olenellus Cambrian there is a great thickness of in 
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ferior conformable nonfossiliferous quartzite and then an unconformity 
before the rocks are reached referred to the Archean, the conclusion can 
not be questioned. Also it iR probable that where there is a complex 
of granite, gneiss, and schists (as in many of the mountain ranges), 
precisely like that found elsewhere in the West, and known to be pre
Camb~'ian, the lithological evid~gce for reference to the Archean is suf
ficient, Among such ranges are the Cortez, Shoshone, Havallah, East 
and West Humboldt, Montezuma, Pah-tson, Truckee, J?ea Vine, and 
others. ' 

The question as to the separability of the rocks referred to the Ar
chean into two series is hardly touched. In the East Humboldt it is 
evidently thought that the White Cloud peak granite is older than the 
schistose series, the former being regarded as Huronian and the. latter 
apparently as post-Huronian. One wishes that more evidence were 
given that the granite mass in this case does not cut the schists and 
gneisses as in most of the other ranges. This is especially true because 
Hague says the White Cloud mass has the characteristics of an erup. 
tive rock. More often the granites cut the overlying schists, as in the 
Shoshone, Havallah, West Humboldt, Montezuma and Pah-tson ranges, 
so that all of the rocks referred to the Archean are in these ranges 
basement complexes. 

Whether there is in any of the nodhern Nevada ranges genuine 
clastics which are placed among the Archean is not positively deter
mined. The quartz-schists, limestones, and mica-schists of the Hum
boldt range seem to be such a series, although they have now become 
very crystalline by dynamic action. In the West Humboldt range in 
the schists are mentioned fragment-like areas of quartz, which are 
explained to be aggregations formed by metamorphism. In the Pea 
Vine range there are quartzites. While from the descriptions there 
is no definite indication that truly clastic series exist elsewhere, 
such may hopefully be searched for in the Peoquob, Shoshone, West 
;Humboldt, Montezuma, Pah-tson, Truckee, with perhaps a greater 
probability of success in the Shoshone, Peoquob, and Truckee. 

If the lower 10,000 or 12,000 feet of quartzite in the Wasatch below 
the lowest fossiliferous horizon belong with the pre-Cambrian rocks, as 
suggested in the previous section, it is probable that parts of the 
quartzites below the Primordial fauna in Schell creek, Egan, Pogonip, 
and Pinon ranges belong in the same series-that is, the Upper Al
gonkian. 

It is possible that several of the quartzites referred to the Ogden 
and Weber belong much lower in the geological column than supposed, 
for it is stated that in some cases these are referred to the Weber or 
Ogden for the sake of convenience, ·upon the slightest lithological evi
dence, or the mere personal impression of the observer. Some of these 
may be as low as Upper Algonkian. The series referred to the Weber, 
which in its lithological character is most similar to the Algonkian, is 
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that in the Ombe range, where interstratified with the quartzite are 
seams of mica-schists. 

Upon general principles it appears improbable that an equivalent to 
the Weber quartzite of the Wasatch should so widely be a basal for
mation. That a quartzite should be the lowest formation adjacent to 
an earlier mountain range is what one would expect, but that in so 
large a proportion of the ranges should now be found exposed as the 
basal series the same division of a single period is contrary to proba
bility. 

SECTION VI. COLORADO A.ND NORTHERN NEW MEXICO. 

LITERATURE OF THE FRONT RANGE, NORTH AND EAS'l' OJ!' THE ARKANSAS. 

LONG, 40 in 1823, describes granite as succeeding pudding-stone or con
glomerate on Defile creek. The granite is coarse grained and rapidly 
disintegrates. A high peak was ascended mid was found to consist of 
an indestructible aggregate of quartz and feldspar, with a little horn
blende in small particles. 

HA.YDEN,3 in 1869, states that all the mountains east of the South 
park have a gneissic and granitic nucleus. Each of the great ranges 
of the park are anticlinal axes with massive granite cores and gneissic 
granites inclining from each side in the form of ridges. The trend of 
the ranges is in most cases northwest and southeast or nearly so. The 
Azoic rocks have two planes of cleavage, one of them with a strike 
northeast and southwest, and the other at right angles. Besides these 
cleavage planes there are in most cases distinct lines of bedding. At 
Golden city the sandstones lie close to the metamorphic rocks, inclin
ing 300 to 540. 

MAR VINE, 41 in 187 4, describes fully the metamorphic crystalline rocks 
of the Front range. The rocks of this great area are mostly composed 
of schists, gneisses and granites. Disregarding unimportant occur
rences of undoubte.d ancient eruptives, as well as some minor granite 
areas of uncertain nature, the series as a whole must be regarded as a 
system of ancient sedimentary rocks which have undergone the most 
profound metamorphism, the result of which over large areas has reached 
the last term, str'uctureless granite. Considering the extent and an
tiquity, the formation as a whole is remarkably simple and uniform, 
running from quartzite through siliceous and mica-schists to very sim
ple varieties of gneisses and granites in which the mica is wholly subor
dinate. The least metamorphosed rocks observed were excessively hard 
and compact quartzites found in the lower canyons of Coal and Ralston 
creeks. They here pass into a series of highly siliceous schists, in places 
ferruginous, in which may possibly be found workable deposits of iron 
ore. These are associated with fine siliceous mica schists, above which 
are very irregular schists, intercalated together. Gneissic and gran
itic strata are frequent, while below is a great granite mass with but 
few remnants of bedding left, but which is apparently conformable with 
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the series above. A similar succession was observed near the Little 
Thompson, quartzites being found at the top and granites at the base. 
On South Saint Vrain's, and at the mouth of South Boulder canyon 
are found quartzite resting upon zoned but structureless granite. The· 
Triassic shales rest unconformably upon the mica-schists on Little 
Thoinpson. The dominant rocks are granitic and gneissic, although 
schists are found over large areas, and of these the tendency is toward 
a binary granite to which the name Aplite might apply. 

That the characters noted above are evidence of a structure that 
once existed throughout the whole mass; that the inclosed schistose 
patches and areas are neither remnants of foreign schists inclosed in 
an eruptive granite mass, nor accidental lamination developed by crys-
tallization or motion in a plastic rock, is abundantly proved by the fact 
that whenever over a continuous area a great many of the strikes and 
dips of such remnants are carefully noted and platted on the map, they 
are invariably consistent among themselves in indicating a definite 
structure of the whole, and accord with the structure that may be in
dicated by neighboring schists and other masses of undoubted bedded 
rocks. 

As in the derived sedimentaries is found the debris from the crystal
line rocks, it is concluded that the folding which affected the meta
morphism is Qlder than that which has upturned the sedimentary 
strata. It_is not suppo~~;ed that sufficient heat was necessary to cause 
dry fusion, bu,t aqueo-igneous fusion. 

While metamorphism alone has often left sharp lines of demarkation 
between differently affected rocks, there are also points where move
ments of the plastic rock seem to have occurred; while, in tracing a 
line of schist into a granite area, points may occur where the normal 
granitoid strata regularly belonging to the series may gradually in- " 
crease in number and thickness, monopolizing the series and produc
ing a normal metamorphism; or tongues of granite may invade the 
schists, as if an active metamorphism had proceeded outward from the 
granites, eating, as it were, into the schists, and absorbing :first those 
beds by nature most readily succumbing to the change, and leaving 
the intercalated masses less changed. Yet the remnants of structure 
left in the granites still show that no important movement has taken 
place in the mass, but that the rocks remain in situ, and are an indigenous 
granite. But, besides these confusing appearances, lines of the granite 
sometime appear 'as if aetually injected or intruded among the schists; 
sometimes on their bedding, and perhaps across them ·as eruptive veins. 
Indeed, there seemed cases where, in approaching the same mass of 
granite from different points, at once all the appearances of a truly 
exotic and eruptive origin might be found-abrupt lines of demarka
tion and veins, while at another point nearly all the steps of a gradual 
metamorphism and transition from the schists beyond might be traced, 
while the remnants of structure through the mass itself would, in 
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greater part, conform to the surrounding system of folds, showing it as 
a whole to be an indigenous mass. Two observers thus approaching 
such a mass would justly render different verdicts as to its nature, one 
ascribing to it a wholly eruptive origin, the other a clearly metamor
phic character. .A few minor masses of granite did not show well 
marked transitions from schists, though in part the ends of the latter 
gradually, yet abruptly, merged into the granite, as if absorbed 
by it, the mass as a whole presenting an intrusive character. There 
is, however, no evidence whatever to show that such masses have 
traveled far or that they might not have come from a short distance 
only and . have been derived from rocks similar to those in which 
they are inclosed or others of the same series, for their likeness may 
be found at other points as true metamorphics. Penetrating various 
portions of the series are granitic, usually mostly feldspathic, veins, 
many of which probably extend long distances and appear to be of 
true eruptive character, while other granitic veins, usually of very 
coarse bluish quartz and white cleavable feldspar, with sheets and· 
large crystals of white mica, seem to be more naturally referred to 
infiltration or to be endogenous in character, like many metalliferous 
veins, some of each kind showing layers of deposition or structure. 

While it is exceedingly difficult to obtain structural results, a map of 
the eastern slope of the Front range is presented. The portion in which 
the structure is most clearly made out is that south of South Clear creek 
and having mount Evans as its culminating point. · The granite of 
mount Evans occupies as low a geological position as any rocks in the 
range. No special facts bearing on the equivalency of the metamor
phic series to any of the divisions of the .Archean of the east were ob- · 
served. · · 

PEALE7
42 in 1874, describes several sections in the Front range at 

Pleasant park, glen Eyrie, Bergen park, and Trout creek, in all of which 
the granite underlies the fossiliferous series. On the South Platte, at 
the change from the sandstone to the granite the former contains frag
ments of unchanged granite. In other places the sandstone appears to 
pass by gradations into the granite. Pikes peak is composed of fine 
grained, reddish granite, the origin of which, whether eruptive or met
amorphic, js a question. On the road from Colorado springs to South 
park is a granitic ridge which seems to be thrown up through the coarse 
beds which lie about it. In the range of the South park several sec
tions of the fossiliferous series are described which rest upon granite 
or gneiss. .At Georgia pass . eruptive granite forms the peak, while 
black micaceous gneiss is at the base of the series, there being between 
the two slates and quartzites. .At several of the sections given the 
basal layer of the series is a quart7Jite. 

ENDLICH7
43 in 1874, describes granite as formingtheheaviestmass of 

rock north and east of the Arkansas and Routh of the line running east 
and west G miles south of Pikes peak. Upon Cottonwood creek the 
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rock resembles a gneiss. Resting immediately upon the granite is the 
Silurian, characterized by but a few fossils, and the well known quartz
itic formations. The granite of this area is the oldest found in the 
region. 
· STEVENSON/4 in 1875, states that metamorphic rocks occur in the 

Front range. On the North fork of the South Platte the schists are 
much contorted. The schists near 13aileys ranch contain rudely oval 
nodules of quartz and feldspathic granite which in severallocalities are 
observed in layers. In many instances the large masses of gneissoid 
granite string out like veins on all sides from the center, and these vein
like projections break up into these nodules and thus finally disappear. 
It is sufficiently evident, then, that these are not metamorphosed peb
bles, but concretions, the result of segregation, which marks the forma
tion of the separate layers of quartz, feldspar, and mica in g·neiss, and 
of the great masses of coarse granite, which occur so frequently in the 
gneisses and schists. Gneissoid granite is exceedingly common. It often 
occurs in the gneiss as great included masses of irregular shape or in 
elongate-vein form, spreading from a center and throwing out seams 
which become exceedingly thin before they disappear. In each instance 
the deposit seems to bear no relation to the bedding of the including 
rock. For the most part, however, it is found entirely displacing the 
gneiss and forming the prevailing rock for miles. In every such instance, 
however, it occasionally changes into gneiss for short distances. Not 
unfrequently seams of granite are found along the planes of cleavage. 
This granite, which may be termed segregated granite to distinguish 
it from the granite which many regard as eruptive, is coarsely crystal
line, with the feldspar in great quantity, while the proportion of mica 
is very small. The feldspar varies in color from white to red, and· tne 
rock as a whole yields readily under the influence of the weather. The 
gneissoid granite of Taylor river exhibits granite of both the eruptive 
and metamorphic varieties, one passing into the other with no line of 
separation. There is then no room to doubt that ·they are of common 
origin and that the whole is metamorphic. 

The gneiss of Ten-Mile creek is compact and might be mistaken for 
a quartzite. Below the junction is an immense segregation of granite, 
thoroughly veinlike, interlacing and running across the bedding in 
every conceivable way, but not persistent, as each of the veins tapers 
off until it disappears. In the canyon of the Arkansas, above the junc
tion with Tennessee creek, is a gneiss which has very close affinities 
to the granites usually called eruptives. It passes gradually into a 
micaceous schist. On Trout creek is syenite and granite, which grad
ually assumes a gneissoid structure and contains fragments of gneiss 
from 6 to 20 inches in diameter which are fragmental in shape. Their 
presence is difficult to account_ for. If the granite is eruptive these 
might be included fragments, but there is no reason to assign any such 
origin to it, for its gradual passage into the gneiss is easily traced. On 
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Currant creek, at the west side of South park, near mount IJincoln, at 
Idaho springs, on the east side of South park, massive granite or syen
ite is seen grading into gneiss and mica-schist. At Chicago creek 
coarsely crystalline granite is sharply separated from the adjacent 
gneiss, the junction being as sharp as between a trap dike and adjoin
ing rock. Some of the porphyritic rocks, granites and syenites are 
placed among the eruptives. This is done in deference to commonly 
received opinion; but as there is no locality in which these rocks do 
not pass imperceptibly into gneiss, the conclusion is reached that the 
preponderance of evidence is in favor of their metamorphic origin. 

In speaking of Colorado metamorphic rocks in general it is said 
the prevailing rock is a micaceous schist passing into gneiss, and con
taining much granite, which in some localities entirely replaces the 
others. Not unfrequently the mica-schist is displaced gradually by horn
blende-schist, which becomes a hornblende-gneiss, containing masses 
or strings of syenite, as the other form contains ordinary granite. 
Slates are almost wanting, and thick strata of quartzite belonging to 
this series were observed at only two or three localities. Serpentine 
and limestone seem to be absent altogether. It is impossible in the 
present state of our knowledge to come to any definite conclusion re
specting the relations of these rocks. Hayden, in one of his reports, 
has referred them with doubt to the Laurentian. To determine this 
matter careful investigation at the north is still needed. 

KING, 7 in 1878, states that in the Colorado range are two series which 
are probably unconformable. The upper group is distinctly bedded, 
has a variable amount of mica, and is correlated with the upper hori
zons of the Medicine bow and the higher members of the Park range, 
Bed creek in the Uinta, the Wasatch and Salt lake islands, and the 
exposures in the Humboldt mountains, Franklin buttes, and Kinsley 
district. In the Clear creek region the series is not less than 25,000 
feet thick. 

El\IMONS, (S. F.),45 in 1890, states that Cross bas discovered in the hills 
east of the Arkansas river, at Salida, a thickness of about 10,000 feet of 
slates and schists entirely distinct from the Archean and probably 
unconformable with it. These are referred to the Algonkian. 

LAKES, 46 in 1890, made observations upon the district of South Boul
der, Coal and Ralston creeks. In the South Boulder and Coal creek 
area were found between the Trias and the heavily bedded gneisses a 
series of quartzites, schists and conglomerates the clastic character of 
which is unmistakable. The series has been subjected to intense dy
namie action, so that the pebbles of the conglomerate are elongated, and 
if it were not for the bands of this material it would be difficult to show 
that the series was an original clastic one, as the finer grained rocks are 
completely crystalline quartz-schists and mica-schists. The dip of the 
series is at a high angle away from the main mass of the mountains. Its 
higher members are quartzite, and pass down into miea-scbists and 
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quartz-schists, which are interstratified with beds of conglomerate. 
In passing downward the mica-schists become interlaminated with 
gneiss, which becomes more and more abundant, and upon Coal creek 
cutting the schists are also pegmatit1c granite veins. Now here between 
the clastic and gneissoid series was any discordance discovered, there 
appearing to be between them a gradation, although a somewhat rapid 
one. The clastic series at South Boulder creek is at least 1,000 feet 
thick. The lower gneissoid series at times is in part quite regularly 
laminated, at other times becomes a heavily bedded granite-gneiss, but 
for several miles toward the core of the mountains, as far as investi
gated, does not become structureless granite. 

On Coal creek, at one place within the clastic series, is a wedge of 
granite of considerable thickness, and this does not grade into the 
clastic rocks as does the main granitoid gneiss area. The relations of 
the Trias both to the granite-gneiss and to the clastic series are such 
as to show that it is clearly a later formation separated from them by 
a very great unconformity. 

At Ralston creek the heavily bedded gneisses were found to vary 
into hornblende-gneiss interlaminated with granite veins, and these 
into rather :fine grained schistose rock, but.there was discovered here no 
clear evidence of a clastic series, although the more schistose phases 
immediately under the Trias may represent the more altered clastic 
schists of Coal and South Boulder creeks. 

LITERATURE OF THE WET AND SANGRE DE CRISTO MOUNTAINS. 

SCHIEL, 38 in 1885, describes the predominating rock of the Sangre de 
Cristo valley as a feldspathic granite, passing gradually into a gneiss 

. on the right bank of the creek, the gneiss supporting a hard, shaly 
sandstone and a bluish brittle limestone. 

ENDLICH,43 in 1874, describes the region south of the Arkansas as 
consisting chiefly of granite. That forming the Sangre de Cristo 
mountains is of different character and appearance from that of the 
Front range. The Wet mountains are regarded as eruptive. Gneiss 
occurs in this range at Hunts peak and from there 6 or 7 miles to the 
northwest, and is regarded as metamorphic, although it weatbers more 
like granite than a stratified rock. From the granite axis of the 
Sangre de Cristo the sedimentary rocks dip away both to the east and 
west. The eruptive granite of the Sangre de Cristo is the youngest of 
the region. Although the Sangre de Cristo range is spoken of as erup
tive, this is not considered to be so in the same sense that basalt is erup
tive, but to imply that the granite by some vertically acting force h:ts 
been thrown upward and maynow be in contactwithstratawhich were 
once above it. 

COPE,47 in 1875, states that in the Sangre de Cristo mountains is strati
fied granite, which is either heavily bedded feldspathic porphyry or 
finely bedded hornblende-gneiss. 
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ENDLICH, 48 in 1877, states that metamorphics compose the main bulk 
of the interior portion of the lower Sangre de Cristo range, though at 
many places sedimentary beds and volcanic flows have obscured the 
relations. The highest peaks of the range are as a rule metamorphics 
among which granites and gneisses are predominant. These are asso
ciated with granites and gneissoid-schists, associated with which are 
hornblendic, chloriac, and micaceous schists. Near Trinchera the sedi
mentary strata stand nearly on end and lie tipped up against the 
granite. At other places the granite protrudes through the Carbonifer
ous. It is concluded that the metamorphics of the lower Sangre de Cristo 
are altered Silurian rocks. North of the Arkansas river the Silurian 
formation occurs. From here it crosses the river toward the south and 
is last seen as such near the northern end of the Sangre de Cristo range. 
In its stratigraphical relations it is conformable with the overlying 
younger formations wherever it has been there seen. 

ENDLICH, 49 in 1878, states that while in the Sangre de Cristo the 
eruptive gr~nite is the cause of the upthrow of the Carboniferous strata, 
nowhere in the sedimentary beds is found any case of intrusion. These 
granites are regarded as post-Carboniferous. 

EMMONS, 45 (S. F.), in 1890, states that quartzites have been noticed con
nected with the Archean of the southern. end of the Sangre de Cristo · 
range which may be assumed to be the remnants of some Algonkian beds. 

LITERATURE OF THE FRONT RANGE OF SOUTHERN COLORADO aND NORTHERN 

NEW MEXICO. 

WISLIZENUS,50 in 1848, states that granitic rocks prevail in the 
mountains about Santa Fe, and for some distance to the south. These 
are associated with porphyry and trap. 

BLAKE, 51 in 1856, describes ridges of metamorphic slate in the Santa 
Fe mountains, upon the edges of which rest horizontal Carboniferous 
strata. 

LoEw, 52 in 1875, states that the mountains between Santa Fe and Las 
Vegas contain Azoic rocks which are chiefly granite and syenite. At 
Santa Fe creek gneiss is accompanied by primitive clay-slate and 
syenite. Veins of fine grained gneisses occur in a coarse aplite or 
granulite also intersected by syenite seams. 

ST. JoHN, 53 in 1876~ describes the Black mountains as a lofty granite 
barrier. The upper canyon of the Cimarron is composed of granitic 
rocks, with which are associated micaceous schists and hard quartzose 
rocks. In the Raton hills are granitic igneous rocks, the relations of 
which to the Tertiary are not easy to make out. The Vermejo mount
ains have a nucleus of massive metamorphic rocks. 

NEWBERRY/4 in 1876, states that in the Santa Fe mountains is found 
coarse red granite, characteristic of the central portion of the Rocky 
mountain system~ It differs from the granite of the Appalachian as 
. well as those of the Sierra and Cascade. The Carboniferous strata 
rest directly upon the granites. The central axis of the Nacimiento 
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mountain is composed of a similar massive red granite, upon the slopes 
of which rests the Carboniferous formation, for the most part limestone, 
in many places nearly vertical yet but slightly metamorphosed. 

STEVENSON,55 in 1879, describes a continuous Archean area on the 
western side of the district running from Spanish peaks south. It forms 
the axis of the Culebra range, continues through the Taos and the JVIora 
ranges, and passes into the Uimarron range. The Santa Fe and United 
States anticlines sho_w Archean rocks which are separated from the 
main area. The rocks show great uniformity in character, including 
-gneissoid granite, gneiss, and mica-schist as the predominant types. 

S'I'EVENSON,56 in 1881, gives a systematic account of the Archean 
rocks of southern Colorado and northern New Mexico. Four areas are 
seen within the district. The most western marks the course of the 
Santa Fe axis; the second, that of the Culebra-JVIora axis, and the 
third and fourth that of the Cimarron axis. The rocks in the Santa Fe 
axis are gneiss, mica-schist, which resembles sandstones, and granite. 
South of the Santa Fe road are frequent exposures of an exceedingly 
coarse granite, which resembles a metamorphosed conglomerate, the 
pebbles being thoroughly distinct. With this are many beds of almost 
black gneiss, holding beds of snow-white quartz. The Culebra-1\tiora 
axis varies in width from 5 to 25 miles. It includes granite, gneissoid 
granite, micaceous and hornblendic schists, and quartzites. Compact 
gneiss, quartzite-like in character, is found in the main canyon of Cos
tilla creek. Bands of quartzites are found on Comanche creek, the 
north fork of Moreno creek, in Costilla creek range on Coyote creek, 
and in the vicinity of Santo Nino on the Cebolla creek. These are 
sometimes found in gneissoid-granite and sometimes in mica-schist. The 
granite below the junction of the forks of Moreno creek is vew coarse 
and resembles conglomerate. The rocks of the Cimarron axis include 
mica-schist, coarse granite, and gneiss sometimes resembling quartzite. 
The dips of the Archean rocks are much confused and the distortion at 
most localities is so great that neither the succession of the strata nor 
the general structure could be made out during the brief examinations. 
Positive proof ofnonconformability to the overlying Carboniferous is not 
easily obtained, the main obstacle in the way of making the determina
tion being the character of the rock. Usually the disturbance near 
the junction of the two series is very violent and the rate of dip changes 
greatly within a short distance, sometimes becoming even reversed. 
But distinct nonconformability may be asserted·as existing in the vicin
ity of Costilla peak, where the enormously thick Carboniferous series 
terminates abruptly against the Archean core of the Cimarron axis. 
No absolute evidence exists to settle the age of these rocks. Litholog
ically, they bear a close resemblance to the Laurentian series of the east, 
and at more northern exposures within the Rocky mountain region they 
have been referred by all observers to that age. The coarse gneissoid 
and often conglomerate granite immediately underlying the Carbonifer
ous at many localities may possibly be of somewhat later origin. 



316 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86. 

LITERATURE OF THE PARK RANGE. 

MARVINE,41 in 1874, describes the northern part of the Park range 
as composed of a very distinctively and evenly bedded series of schists, 
gneisses and granites, which have a strike nearly with the ridge, and 
a clip of 40o or 5oo to the southward. 

LITERATURE OF THE SA WATCH MOUNTAINS. 

HAYDEN,57 in 1874, describes the Sawatch range as a soiid mass of 
granite, 80 miles in length by 40 in width, which has acted as a sin
gle wedge thrust upward, and thus causing the sedimentaries to incline 
from either side. 

PEALE,42 in 1874, states that on Massive mountain the rocks are 
mainly gneissic, with alternations of porphyritic granite or granite
porphyry, with seams of quartzite and hornb1endic volcanic rock. On 
Eagle river, at the base of the section is gneiss, and above this is white 
quartzite. 

ENDLICH,43 in 1874, states that the granite of the Sawatch on the 
west side of the Arkansas is probably post-Silurian. This range has 
two kinds of granite that are peculiar to it and an older predominating 
one. Both of these are newer than the red, middle, and coarse grained 
rock found in theW et mountains. The first of these varieties composes 
the main part of the range and constitutes its most prominent peak, 
mount Princeton. Besides this, there is protogine and eruptive granite. 
Mount Ouray is composed in large part of hornblende rock. On one 
side the hornblende and granite are interstratified, the granite being 
regarded as intruded between the strata. The change from the granite 
to the hornblende rock is always abrupt. 

ENDL¥JH,48 in 1877, states that at the southern end of the Sawatch 
range trachyte is the principal rock. 

EMMONS, (S. F.)/8 in 1882, states that in the Mosquito range are found 
granites, gneisses and amphibolites. The granites are in most cases 
stratified and are of undoubted sedimentary origin. In other cases 
the evidence is less clear and they have the characteristics of eruptive 
granites. Within the masses of the normal granite occur large irreg
ular vein-like masses of secondary origin, correspondi:ng to pegmatite. 
The gneiss is mostly mica-gneiss. The amphibolite is less abundant 
than the gneiss and granite and occurs interstratified with them. Un
conformably above these are quartzites which bear Primordial fossils 
belonging to the Potsdam. 

LAKES/9 in 1886, describes the Sa watch range as consisting of gneiss 
and granite penetrated by volcanic dikes, with patches of Silurian, 
Carboniferous and more recent strata resting on or uptilted against 
each flank. In the Aspen region are two granites, one the meta
morphic granite of the Sawatch and the other a diorite and eruptive 
lava of the Elk mountain system. On the granites are unconformably 
located the Cambrian strata, the base of which is quartzite. 
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LITERATURE OF THE ELK MOUNTAINS. 

HAYDEN,57 in 1874, describes the Elk mountains as composed of an 
upthrust of igneous granite, which carries portions of the sedimentary 
beds on its summits or tilting away from the sides at various angles. 
The lowest group of sedimentary rocks is !Jower Silurian. In some 
cases there is complete overturn of immense groups of beds, so that 
for several miles there is a double series from the Silurian up to the 
Cretaceous, inclusive, as at the head of East river and near Snow 
Mass peak. Northeast of Snow Mass the sedimentary beds may be 
seen resting on the granite, on these a great thickness of red beds, 
and on the top of the latter masses of irregul~r thickness of erup
tive granite from 100 to 400 feet thick, and at both ends the red beds 
again resting upon the eruptive mass, so that the granite now appears 
like an interstrati:fi.ed rock. Gothic mountain and Crested butte are 
regarded as immense dikes, the melted matter being pushed up through 
the superincumbent matter so as not to disturb to any great extent the 
thickness of yielding Cretaceous shales and clays. On Eagle river are 
beds of sandstones and qual'tzites, the fragments of which indicate 
that they have been derived from gneissic and granitic rocks. 

PEALE, 42 in 187 4, describes the entire mass of granite of the Elk 
mountains as having been either in a plastic or melted condition. The 
elevation of the range was post-Cretaceous. The mountains are cut 
by numerous dikes, which are in part trachytic, but wh]ch are, how
ever, believed to be connected with the eruptive granite. On the south
east side of Elk mountains are chloritic schists, quartzites, and sand
stones, all very much metamorphosed. 

HoLMES,60 in 1876, gives the geology of the northwestern portion of 
the Elk range and describes in detail the character of the folding, fault
ing and relations of the crystallines to the sedimentary rocks. On the 
east side the sedimentary strata lie up against the granite of the Sawateh 
range, and on the west they have been carried high up on the arch of 
the Elk mountains, leaving the synclinal depression between the ranges. 
The axes of the two ranges are not parallel, but approach eaeh other 
toward the south and separate toward the north, giving an ineluded 
angle of some 30°. In the vicinity of Italian peak the granites of the 
two ranges are in contact, or nearly so, being totally distinct in appear
ance and in reality. The sedimentary beds of Sopris and Rock creeks 
show a considerable amount of metamorphism and lateral crushing, 
the Dakota sandstones of the latter being changed to hard, flinty 
quartzites. A great fault, combined with a fold, runs from the north 
part of the Elk group, i. e., Snow Mass mountains, to its south part, 
White Rock mountains. In the sections the granitic rocks are repre
sented in places as being above the sedimentary and in other places as 
intr~ding themselves among the layers. 

LAKES, 61 in 1885, describes the stratified rocks adjacent to the Elk 
mountains ~ as ridclled with dikes and baked and metamorphosed in 
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places almost past recognition. The huge volcanic masses are some 
of them dikes, while others may be laccolites. · 

LAKEs,:m in 1886, describes the Elk mountain eruptions as having 
occurred under an enormous pressure of superincumbent strata not less 
than 10,000 feet thick. The Elk mountains are diorite instead of being 
eruptive granite as called in Hayden's reports. 

LITERATURE OF THE GRAND AND GUNNISON RIVERS, 

SCHIEL,38 in 1855, states that along Coochetopa creek and Grand 
river valleys are granite, gneiss, shale and mica-slate. 

PEALE, 42 in 187 4, states that adjacent to the Gunnison a section has 
at its base rust-colored granite, above which is mica-shist, and over 
this quartzite and sandstone. 

STEVENSON,44 in 1875, states that at several localities along the 
Grand and Gunnison is a peculiar, regularly laminated gneiss which 
resembles a micaceous sandstone. It always occurs directly under the 
sedimentary rocks and no similar formation occurs lower down. It is 
clearly unconformable to the great mass of schist and gneiss, though 
precisely like them in its changes. In consideration of all the circum
stances, one can not resist the temptation of regarding it as belonging 
to a later series. 

PEALE,62 in 1876, describes Archean rocks as occurring along and 
near the gorges of Eagle and Gunnison rivers. The rocks of the Eagle 
river are known to be pre-Potsdam, because at the head of the stream 
such rocks rest upon them. On the Gunnison river the Archean rocks 
are gneisses and schists. The presence of Dakota beds here resting 
upon the Archean is supposed to prove that in pre-Cretaceous times 
this area was above sea level. 

PEALE,63 in 1877, describes the Archean rocks of the Grand river. 
These occur in limited areas throughout the district between parallels 
370 52' and 390 15' and meridians 107° and 109° 30'. They are gener
ally confined to the courses of streams flowing in canyons. In many 
places the schistose character is very distinct and the bedding clearly 
seen, but in most cases no traces of bedding were seen, the rocks being 
granitoid. From the number of exposures noticed it is evident that 
the rocks underlie the entire district, although from the limited and 
isolated exposures it was not possible to trace connections from one 
place to another. The oldest sedimentary beds resting upon these 
rocks are Carboniferous or -pre-Carboniferous, showing that they are 
at least -pre-Carboniferous, but it is believed that they are pre
Silurian. Along the Gunnison outcrops of quartzitic layers occur 
wjth softer r~d and gray gneissic layers. On the Little Dolores are 
mica-schists and quartzites dipping northeast at angles of 60° to 10o. 
As to the origin of these rocks it is said: They were once deposited as 
sediments. Whence were their materials derived~ We have no data 
from which we are able even to guess what wa,s the extent of the Ar· 
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chean continent, or what its character was. From the fact that in the 
Grand Canyon of the Colorado similar Tocks are found below the Pots
dam, and from the profundity of their metamorphism it is believed that 
these crystalline rocks are Archean. 

LITERATURE OF THE QUARTZITE MOUNTAINS. 

ENDLICH, 64 in 1876, describes the Quartzite mountains. Near the 
northern border and toward the middle, quartzites and schists pre
dominate, while granite appears toward the east and south. Tbe 
quartzites are mostly of a white or gray color, gradually becoming filled 
with mica or chlorite, thus turning into schists. The relations of the 
quartzites are extremely varied and complicated. Granites change 
into quartzites between stations 21 and 22. The schists have a less 
horizontal extent but are just as distinct as the quartzites. They also 
show great variations in strike and dip. .As a rule tbey seem to be 
older than the granite, but it was not possible to establish this point 
beyond doubt. The schists were nowhere found except in the quartz
ite group. .All the granite shows a remarkable regular stratification, 
not an apparent one only, produced by the ma.in cleavage plane of the 
feldspar or mica lying in one direction. The dip of the strata is con
formable with those of the quartzites and schists and away from the 
anticlinal axis toward the south. Generally the dip is not very marked 
but still reaching from 7° to 10°. .All along the Animas the junction 
of tbe sedimentaries with the granite was not observed. The latter 
was exposed in the valley, while the former appeared in steep bluffs on 
both sides. From the dips observed it became evident that the two 
were conformable. 

As to the origin of the metamorphic group of rocks it is said that 
the Devonian strata were deposited on the granitic strata conformably . 
.Also that from the quartzite into granite the transition is perfect, 
although often small specimens can be found showing on the one side 
granite and on tbe other granular red quartzite. Near the top of a 
bluff the latter is white or yellowish, becoming red and brown lower 
down. Finally some mica is observed in it, and the feldspar appears 
as such, until the coarse grained granite is reached. The metamor
phosis is very thorough, and can be admirably studied at this point. 
so far as could be decided, the granite was formed out of a partly argil
laceous sandstone, containing some iron in an oxidized state, while the 
purer sandstones were turned into quartzites. Probably the process of 
metamorphosis was a very slow one, and lasted a long time. 'Through
out the stratification is well preserved in all the rocks of that group, 
but particularly so in the granite of the locality just described. Even 
the thicknesses of the various strata which have been altered into 
granite correspond approximately to those at present cxllibited by the 
superincumbent beds. At a short distance north of station 48, the 
granite overlies the dark schists? which in tu.rn seem to be younger 
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than the true quartzites forming the main bulk of the mountains still 
farther north. Taking into consideration, therefore, the observed con
formity of the underlying metamorphics with the overlying sediment
aries; taking into consideration, furthermore, the analogous character 
of stratigraphical relations, the conclusion must be reached that those 
sedimentary beds, which existed below the Devonian, furnished the 
material for the metamorphic masses. 

CoMSTOCK,65 in 1883, states that in San Juan county there are no 
rocks which are of .Archean age. The granitic and quartzitic series of 
the .Animas river are regarded as metamorphic and said to be of Upper 
Silurian or Devonian age. 

CoMSTOCIC,66 in 1887, describes the metamorphic series in southwest
ern Colorado as probably Silurian or Devonian. This series is sus
ceptible of division into an upper or granitic division and an underlying 
quartzitic formation. The quartzitic group is exposed in the .Animas 
canyon below Silverton, forming a line of jagged peaks to the eastward, 
the Needle mountains. Whenever the quartzite is well uncovered the 
more recent granites are usually traceable along the flanks of the belt. 
The geological map brings out no apparent system in the metamorphic 
rocks. 

LAKES, 67 in 1889, describes on the Mears road, south of Ouray, as 
succeeding the Carboniferous limestone, a thickness of 13,000 feet of dis
tinctly stratified and hard vitreous quartzites, slates and schists. Part 
of these may belong to the Silurian and Cambrian, but as these com
bined rarely attain in Colorado a thickness of 1,000 feet, so great a 
body is extraordinary and suggests that the lower part of it may, as in 
Canada, belong to the Huronian or Laurentian, upper divisions of the 
.Archean not elsewhere represented in Colorado. The dip of the quartz
ite is about 750 to .the north. The uplifted crests have been deeply 
eroded and in the hollows so formed rest the massive volcanic breccias. 

El\fMONS, (S. F.),45 in1890, states that on the north slope of the SanJuan 
mountains, near Ouray, is over 10,000 feet of closely folded quartzites, 
conglomerates, and slates of the pre-Cambrian age, and it is believed 
that the quartzite peaks in the southern portion of this region are 
probably composed of the same series of rocks. These are referred to 
the .Algonkian. 

VAN RISE/ in 1889, made observations along the .Animas, the rail
.road being followed from below N eedleton to Silverton, a distance 
of about 17 or 18 miles. .As mapped by Endlich on Slieet xv of the 
atlas of Colorado, this course is situated, with the exception of 5 or 6 
miles, in the quartzite area. Quartzites occur for a little more than 2 
miles in the vicinity of Elk park in the middle of the area mapped as 
quartzite. The granitic area was found to be a most intricate complex 
of massive granite, coarse and fine, white and black banded gneiss, and 
black hornblende-schist or gneiss in dike-like forms. The strikes and 
dips vary greatly, although for the most part they are high, running 
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from 75° to 85°. At one place the dip of the schistose structure was 
observed to be as flat as 10~ or 150. 

The quartzitic area is in places conglomeratic. The rock is for tlle 
most part a rather pure white or gray vitreous quartzite, although oc
casionally it shows more or less of a slaty appearance. Nowhere in 
the quartzite was found any hornblende-schist in dike-like forms such 
as occur in the granite, or any layers whjch could possibly be mistaken 
for the black or white gneissoid phases of rock which occur so 
abundantly in the granite area and have such intricate relations with 
the granite. The dips of the quartz1tes are also for the most part high, 
being from 600 to 70°. In the quartzites, as in the granites, there are 
great -local variations in the strike and dip of the rock. U110n both 
sides of the quartzite area where the change to granite occurs no evi
dence whatever was seen of a transition between the two classes . of 
rocks. In neither were the quartzites and granites in contact; they 
were found however, a few paces. aJ)art. At the southern boundary, 
while the two rocks were not actually found in contact, there is a 
marked discordance in the strike and dip of the schistose structure of 
the granite and of a series of sharply folded anticlines and synclines 
of quartzites which are adjacent to the granite. 

What is said by Endlich as to the sharp contrast between the sedi
mentaries and granite may mean the contrast between the black horn
blende-schists and gneisses with the coarse granitoid gneisses and 
granites. If this is the case, the statement is true, for these materials 
are seen in sharp contact at very numerous places along the Animas. 
If these hornblende-schists and gneisses are altered eruptives, as they 
appear to be, the sharp contacts would have no bearing upon the meta
morphic origin of the granite. 

Some of the quartzites have a color similar to the coarse reddish or 
grayish gneisses, and also show to some extent a banded appearance. 
It. may be that this fact has led to the statement that there is a transi
tion between them and the granitic rocks. 

A study of numerous thin sections of the material collected shows 
that the rocks composing the area here called granitic are always 
completely crystalline, giving in the thin section no evidence whatever 
of clastic characters; on the other band, all the rocks belonging in the 
quartzite area, while locally considerably altered by dynamic action, 
show very clearly their clastic character. However, the evidence of the 
microscope is not necessary to show the clastic origin of these quartz
ites, as the conglomeratic phases seen in the field are sufficient to 
demonstrate this. 

As to the conformability described by Endlich between the fiat-lying 
. Devonian and these crystalline rocks, no observations were made. It 
is, however, to be remarked that Endlich states that the crystallincs 
are :flat-lying, having a dip of not more than 10° to 15°. This was 
observed to be the case in one locality, but as before said, the great 
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number of observations along the Animas show the dips to be for the 
most part very high, i.e., from 60° to verticality, and in various direc

- tions. All of the evidence as to the strike and dip show that the area 
of quartzites and granites is one in which the folding is very compli
cated. 

Bearing upon the question of the position of the quartzitic series 
with reference to the fossiliferous rocks is the occurrence south of 
Ouray, along Red mountain creek and one of the branches of the Un
compahgre, of a great series of slates, quartzites and conglomerates, 
with high dips and repeated by folding, which are in lithological char
acter identical with the quartzites south of Silverton. Just south of 
Ouray the red beds of the Jura-Trias are found in almost horizontal 
position upon the upturned edges of the slates and quartzites. This 
unconformity, in the distance at which it may be observed and in 
the masses of rocks exposed, is remarkably handsome. Conformable 
below the -red beds of the Jura-Trias, at Ouray, the Carboniferous 
rocks appear, but they were not seen in contact with the slates 
and quartzites. That the quartzite series was an old shore against 
which the CarboniferOQ.S and Jura-Trias were depQsited can not be 
doubted. In the distance of about 5 miles in which this quartzite 
series is exposed a slate band is found five times. In going north the 
clips are first south and then change to the north, in which position 
they continue until the Carboniferous appears . . All this suggests that 
we have here to deal with a folded series and not one necessarily of 
very great thickness, although probably several thousand feet thick. 
As Ouray is only a few miles from Silverton, tl1e argurncnt of analogy 
makes it probable that the similar plainly fragmental slates [tnd q11artz
ites south of Ouray are the equivalent of the quartzites of EJk park. 
The facts bear against the probability of a transition from the Devonian 
into the quartzitic series of the latter place. The one occurrence in 
which this transition is definitely asserted is perba11s a case of a recom
posed rock resting upon a crystalline one. Similar occurrences have 
often been described. 

As to the relations of the granitic area to the quartzites along tbe 
Animas, there is no clear evidence. The fact that the granitic area 
is an intricate complex of regularly banded gneisses, of granitoid 
gneiss, and of granites cut by borllulcnde-schists in dike-like forms, 
combined with the fact tbat no snell dike-like areas· are found near 
the quartzites, seems to indicate that the quartzite is of later age than 
this complex. This probability is still further strengthened by the 
completely crystalline character of one series and the plainly frag
mental character of the other. This point would have little weight if 
the granitic area was a simple massive rock which might be the result 
of a single eruption. But the varieties of rock of which it is composed 
and the intricate way in which these lithological phases are mingled 
indicate that the history of the granite area is a most complex and 
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long-continued one, and was far advanced before the deposition of 
the fragmental rocks. If it should be held that this g: anitic area is 
eruptive as a whole and later than the quartzite, the question arises, 
Why is it that nowhere do any of the rocks which belong in-it cut the 
quartzites~ If, on the other hand, it is maintained that it is metamor
phic in origin, the question arises, Why is it that all parts of it have be
come so completely crystalline while the quartzite is still so near its 
original condition Y 

LITERATURE OF THE LA PLATA MOUNTAINS. 

HoLMES,68 in 1877, places the La Plata mountains in the metamorphic 
belt ueeanse the central portion, as exposed in the deep-cut valley of the 
La Plata river, is composed of uplifted and altered sedimentary rocks; 
but there are associated with these a very considerable area of eruptive 
rocks with a resulting great complication of structure. This metamor- · 
phic grou1) seems to be a prolongation to that to the northeastward 
about the Animas. Against attributing any great amount of change 
in the sedimentary rocks to the presence of the trachyte is the fact thai< 
in the neighboring groups of mountains of trachytic origin there is lit
tle or no metamorphism apparent. In the central part of the altered 
area the metamorphic mass proper extends up to and includes the red 
beds. As one of the best examples of the metamorphism may be men
tioned that on the west face of the first mountain south of Hesperus. 
Here a mass of metamorphic shales abuts or is welded to the trachyte 
face of. the mountain. The exact point of contact can not be determined, 
as the metamorphism has been so complete that the shales seem to 
change gradually into trachyte. Away from the trachyte they grad
ually assume the appearance of a massive grayish yellow quartzite, and 
in a mile or more from the place of contact assume a shaly character 
and dark color. 

ENDLICH1
49 in 1878, gives a general discussion of the formations of 

Colorado. In preference to the word Azoic the word Prozoic is used. 
Belonging to this group, in southern Colorado, is an extensive series 
comprising gneisses, granites, various schists and diorites. Of these 
the first named appear to be the oldest, as may be inferred from the 
relations to the granites more particularly. The schists are in subor
dinate quantity. It often is a matter of difficulty to discriminate be
tween the Prozoic and the next group of metamorphic rocks. This 
latter is the most varied and enormous in its development. Large 
areas are covered by rocks of this group, which occur in almost end
less variety. In several instances localities may be observed where the 
transition from undoubted sedimentary into metamorphic beds is evi
dent. This, however, must be considered as an exception rather than 
the rule. The gneiss is the oldest of the metamorphic rocks in the dis
trict examined. Micaceous, hornblendic and chloritic schists occur as 
such associated with other metamorphic rocks. Frequently the1 are 



324 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL.86. 

due to the substitution of minerals within the gneiss, but they are also 
found totally wdependent thereof. If a suggestion may be offered 
which, however, can not at present be- proved, the author wonld say 
that argillaceous sandstones form granite.' With the decrease or in
crease of argillaceous matter in the sandstone the quantity of feldspar 
in the granite stands in direct proportion. Siliceous sandstones form 
quartzites. Shales, arenaceous in part, are changed into gneisses, and 
if the quartz in them is predominant they turn into schists. Quartzites 
can not be generally classed with the metamorphic rocks, but in the 
Quartzite mountains a complete alteration of the original sandstone 
has taken place, although stratification has been retained in a measure. 
Granite is the most representative species of the metamorphic group. 
It is ·younger generally than the schistose rocks occurring with or near 
it. In the Quartzite mountains there is a direct transition from sedi
mentary beds into typical granite. A large part of the granites in 
southern Colorado is regarded as metamorphosed Silurian, Devonian, 
and in rare instances even Carboniferous strata. 

SUl\fl.VIARY 01!' RESULTS. 

The greater parts of the Front, Wet, Sa watch, Park, and Quartzite 
ranges and the crystalline rocks of the Gunnison and Grand are a 
completely crystalline complex of rocks which are certainly pre-Cam
brian; for, resting upon these ranges unconformably and bearing de
bris from the older series are the fossiliferous Cambrian. These con
tacts are found both on the east side of the Front range and in the 
parks along the Sa watch, as well as at Eagle river in the Gunnison and 
Grand region. The granite-gneiss-schist complex of the Quartzite 
mountains also without much question belongs in the same position. 

The relations, so excellently described by Marvine and Stevenson, 
between the nearly struetureless granites constituting the core of the 
ranges and the well laminated schists and gneisses are those between 
the granites and associated crystallines described in Massachusetts by 
the elder Hitchcock in 1860, by King along the fortieth parallel, by 
Lawson about the Rainy lake and the lake of the Woods, and by Win
chell in northeastern Minnesota. That is, in passing from a schistose 

· to a granitic area the finely laminated schists become· coarser and 
coarser; then appear thin belts of gneiss, which become more and more 
prominent until the rock has changed to a gneiss, and this by imper
ceptible stages passes into a granitoid gneiss, then into a granite. A. 
whole or a part only of the laminated rocks may be cut by granite veins, 
while oftentimes there are considerable masses of granite in the schists 
of the same character as the main granite mass, the contacts being ex
ceedingly sharp. In a few cases in the massive granites are found 
fragment-like areas .of the schists. These imperfectly summarized re
lations are regarded by Stevenson, 1\T arvine, and the other writers to 
be evidences of the metamorphic character of the whole series, while 
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the. intrusives are regarded simply as parts of the main mass which 
have become perfectly fluid and therefore locally take on eruptive 
forms. Lawson declines to car~·y the term metamorphic over to the 
plastic material and speaks of it as a subcrustal magma. As the real 
character of such granite-gneiss-schist complexes is a question which 
concerns not only the Colorado ranges, but almost every other pre~ 
Cambrian region of North America, the discussion of this question is 
deferred for the general chapter. It is, however, plain that in the moun
tain ranges of Colorado is a thoroughly crystalline, intricate, funda~ 
mental complex like that · found in most of i,\he pre-Cambrian areas 
already considered. 

Besides these crystallines there are at least two areas in which unmis
takable pre-Cambrian clastics are present. These are the districts of 
Big and Little Thompson, South Boulder, Coal and Ralston creeks in 
the Front range, and the district of the Quartzite mountains in the San 
Juan region. It is also probable that the quartzites and mica-schists 
of northern New Mexico, described by Stevenson, is a third series, 
although the relations of these beds to the other rocks are not indicated. 
The great beds of white quartzite and the granite-conglomerate in the 
neighborhood of Santa Fe strongly suggests that here is a clastic series, 
the granite-conglomerate probably being a recomposed rock. A fourth 
great series which possibly falls among the pre-Cambrian clastics is 
that seen by Cross in the neighborhood of Salida. 

In the Front range the descriptions of Marvine and Lakes agree that 
there is an apparent gradation from the clastic quartzite and mica-schist 
series to the gneisses and gneissoid granites, although Lakes statei) 
that the transition is somewhat abrupt. Two explanations may he ap
plied here: First, there may be a real physical break which has not 
been detected between the clastics and the crystallines. In favor of this 
hypothesis is the fact that quartzites are found nowhere else in the vast 
area of the Front range, and that now here else are there any rocks which 
are even described as having any evidence of fragmental character, un
less foliation be taken as such evidence. If this clastic series and the 
great complex of granite, gneiss and schist are of the same origin and 
age, it is certainly strange that nowhere except in this very restricted 
area do beds of quartzite or quartz-schist occur. Also the presence of 
genuine granitic pebbles in the conglomerates at least shows that there 
existed an earlier granite from which debris was derived. Second, those 
who believe that the fine-grained gneisses, completely crystalline schists 
and granites are all really of eruptive origin, the , foliation being but 
evidence of powerful dynamic action, will probably maintain that this 
claJ~:tic series is the more ancient one and has been cut andmetamorphosecl 
by the intrusion of the igneous rocks. 

In the Quartzite mountains the evidence thart the fragmental slate 
·and quartzite series is more recent than the granite-g·neiss-schist com
plex is far more weighty. Here an intricate complex of irregularly 
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banded gneisses, granitoid gneisses and granites are cut by foliated 
dikes of hornblende-schist, which never penetrate the fragmental 
series. At one of the places along the Animas at which the quartz
ite is separated by a very short interval from the granite complex there 
is a sharp discordance in its foliation and a series of sharply folded 
anticlines and synclines of quartzite, which with considerable certainty 
indicate the bedding of the latter group. Also, while the quartzite 
series inclines at a steep angle and is in places sharply folded, it upon 
the whole has not suffered any such profound and repeated dynamic 
movements as are exhibited by the granite-gneiss complex. If the lat
ter series be taken as sedimentary its complete metamorphism argues 
its greater age; and if it be taken as wholly eruptive its present im
plicated ,character, with strongly developed schistose structures, de
noting profound metamorphism, indicates a history much longer than 
the one revealed by the quartzites. This great quartzite and slate 
series can then with a considerable degree of certainty be regarded as 
much later in age than the granite-gneiss-schist complex. Also it is 
far more ancient than the Carboniferous, because near Ouray the Trias 
conformably above the Carboniferous rests in a nearly horizontal posi
tion upon the upturned, nearly vertical, truncated edges of the quartz
ite. On general structural and lithological grounds it may ·with great 
probability be referred to the Algonkian. Of the two other areas of 
elastic rocks too little is known to offer any suggestions as to their age 
or relations. 

A part of the so-called granite (diorite~) of the Elk mountains and a 
part of that of the Sangre de Cristo range is plainly an eruptive of later 
age than the Cambrian, and therefore it does not properly fall withiu 
the province of this review. 

Whether there are any pre-Cambrian rocks in the La Plata mountains 
is uncertain. The small area of metamorphosed rock bears such relations 
to the eruptives as to suggest that their present condition may be due 
to contact metamorphism. 

SECTION VII. ARIZONA AND WESTERN NEW MEXICO. 

LITERATURE. 

PoWELL,28 in 187 4, states that below the Carboniferous is a succes
sion of non conformable shales, sandstones and limestones, the greatest 
thickness of the beds being a little more than 10,000 feet. The beds 
are traversed by dikes of trap or greenstone and irregular layers of 
the same eruptive material are found in places between these noncon
formable rocks and the overlying beds of Carboniferous age. Pro
visionally these sedimentary rocks are called Devonian and Silurian. 
Still underlying these is an extensive series of metamorphic crystalline 
schists, in some places yet showing faint traces of the original stratifi
cation, but usually these are so degraded that the total thickness of the 
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beds w.as not determined. . In places they constitute about a thousand 
feet of the altitude of the walls. These beds are traversed by dikes of 
granite, and beds of granite are found which are believed to be intru
sive, hence of igneous origin. In some places the evidence is complete. 
An extensive period of erosion separates these schists and granite froiD 
the overlying Silurian and Devonian rocks. 

In the Grand canyon are the records of an extensive period of depo· 
sition in the schists, followed by plication, erosion, fissuring and erup
tion. Again we have an invasion of the sea, which remains until 
10,000 feet of shales, sandstones and limestones are deposited; and 
this is followed by a dry-land period, marked in some places by at]ea.st 
10,000 feet of erosion and accompanied by plication, fissuring and 
eruption. 

PowELL,69 in 1875, further describes the Grand canyon group. Un
conformably below the Carboniferous of the Kaibab plateau is a middle 
series of slates, sandstones and limestones 500 feet thick, so inclined that 
the total thickness of its beds is 10,000 feet. Below these are uncon
fonnahly a thousand feet of crystalline schists with dikes of greenstone 
and beds of granite. This lower series is composed chiefly of meta
morphosed sandstones and shales, which have been folded so many 
times, squeezed and heated, that their original structure as sandstones 
and shales is greatly obscured or entirely destroyed, so that they are 
1'hetarnorphi c crystalline schists. After these beds were deposited, 
folded and deeply eroded they were fractured, and through the fis
sures came floods of molten granite, which now stands in dikes or lies 
in beds, and the metamorphosed sandstones and shales, with the beds 
of granite, present evidence of erosion subsequent to the periods just 
mentioned, yet antedating the deposition of the nonconformable sand
Atones. Here, then, we have evidences of another and. more ancient 
period of eroRion or dry land. Three times has this great region been 
left high and dry by the ever-shifting sea; three times have the rocks 
been fractured and faulted; three times have floods of lava been poured 
up through the crevices, and three times have the clouds gathered over 
the rocks and carved out valleys with their storms. The first time was 
after the deposition of the schists; the second was after the deposition 
of the red sandstones; the third time is the present time. 

GILBER/1', 36 in 1875, describes the' axis of the Black and Colorado 
mouutains in north western Arizona as cousisting of granitoid rocks 

. and highly crystalline schists. In Bowlder canyon of this range upon 
a nucleus of syenite are plicated crystalline schists. In Virgin canyou 

. the nucleus is gneissic, with a general anticlinal structure. In Black 
ca~nyon the 1mcJeus is a homogeneous rock resembling pegmatite, but 
is probab1y metamorphic. 

In the Grand canyon of the Colorado the Tonto sandstone rests directly 
on plica ted and eroded schists and associated granites, and demonstrates 
them to be pre-Silurian. l!..,ollowiug down the river the same relation is 
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seen in the Virgin range, and in the n~xt'ridge to the west, through which 
the river has cut Bowlder canyon, are gneisses so similar to those of the 
Virgin range that they may safely be classed with them. In Music moun
tain, in the Black hills near Prescott, and on Canyon creek, or, more gener
-ally, all along the soutwestern border of the Plateau region in Arizona, 
the Archean schists and granites are seen beneath nonconforming mem
bers of the fossilifer~:ms rocks, usually the Tonto sandstone. To the 
south and west of this line stretches a great ocean of metamorphic ridges 
in. which no one has found fossils. Whether a portion of the rocks are 
altered Paleozoic or whether the Paleozoic has been completely re
moved in the progress ·of erosion, or whether the Archean rocks have 
been coyered by no later ocean sediments has not been decided. The 
purity and great thickness of the Carboniferous limestones up to the 
vers margin of the region would appear to negative the idea of a perma
nent continent from Archean time, if, indeed, it is not negatived by the 
survival of acute mountain rid_ges. 

GILBERT,70 in 1875, describes the range region of western New 
Mexico and eastern Arizona. Northwest of the Burro mountains for 
50 miles are islands ~f Archean and Paleozoic rocks. The most con
spicuous of the former is a deep-red granite. In the Santa Rita moun
tains the axial rocks are Archean schists. On the eastern border of 

- the Plateau region is a chain of ranges which coalesces with the Rocky 
. mountains of Colorado and consists mainly of Archean and Carbonif

erous rocks. The whole front of the Sandia mountains except the crest 
is Archean. The Zuni range of the Plateau region has a crystalline 
nucleus which Howell suspects to be due to the metamorphism of 
lower Paleozoic strata, as they are conformable with unaltered upper 
Paleozoic bed~. . The specimens show a gradation from compact sand
stones to gneissic quartzite and quartzose granite. Between the 
Archean and the Silurian there is, first, a wide unconformity, demon
_strating the tilting and erosion of the Archean beds anterior to the 
deposition of the Silurian; and, second, there is always at the contact 
a contrast of conditions as regards metamorphism, the Silurian rocks 
being usually merely indurated and the Archean invariably highly 
metamorphic. The two characters of the break serve to show that it 
represents a vast chasm of time, a chasm the duration of which may 
have been greater than that of the ages which have since elapsed. A 

third character of the break, one that is supported by less evidence 
but is negatived by none, is that the lowest of the superposed rocks 
are co'llglomerates and coarse sandstones. The conclusion to be drawn 
from the coarse, fragmental nature of the lower deposits is tha,t the . 
water which spread them was an encroaching ocean, rising to possess 
land that bad long been dry. The recognized interpretation of a wide
spread sandstone is continental submergence, or, what is the same 
thing, an advancing coast line. 

1\:!ARVINE/7 in 1875, states that granite is found below the Tonto 
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sandstone at the mouth of Grand canyon, at Music mountain, and in 
the canyon of New river. At Truxton and on the road to the south
westward granite occurs in the hills! often lava-capped; is found at Cross 
mountain, near fort Rock; at Azte9 pass; at Juniper mountains; be
tween Prescott and Agua Fria valley, and in the Black hills. In the 
Juniper mountains there are also found hig~ly metamorphic rocks, as 
schists, slates, etc., often covering considerable areas aud with which 
many of the silver and gold bearing lodes of the .country are associated. 
At camp Verde on the river Verde sedimentary rocks rest upon syen
ites. TheTonto sandstone rests upon the granite in the Sierra Ancha, 
in the. San Carlos valley, and in the Apache mountains. The main 
mass of the Pinal mountains is granite, but upon their northeast flanks 
is a long area of highly metamorphic rocks, consisting mostly of crys
talline schists, micaceous, chloritic and talcose, their erosion forming 
au intricate maze of small valleys, separated by · sharp ridges, which 
present a strong contrast with the more massive features of the moun
tains. The granites and schists of Pinal mountains extend along Pinal 
creek to camp Pinal. 

POWELL,29 in 1876, further describes as unconformably below the 
Tonto sandstone the Grand canyon sandstones, shales and limestones, 
10,000 feet in thickness; and below this the Grand canyon schists, of un
determined thickness, composed of hornblendic and micaceous schists 
and slates, associated with beds al\d dikes of granite. The Grand 
canyon group rests unconformably upon the crystalline schists. The 
evidence of this is complete, for the lower sandstones and conglomer
ates .first filled the valleys and then buried the hills of schistic rocks, 
and these conglomerates at the base of the group are composed of 
materials derived from the metamorphic hills about; and hence meta
morphism was antecedent to the deposition of the conglomerates. The 
plane of demarkation separating this group from the Tonto group is 
very great. At least 10,000 feet of beds were flexed and eroded in such 
a manner as to leave but fragments in tbe synclinals. Then followea 
a period of erosion, during which beds of extravasated material were 
poured over the fragments, and these igneous beds also were eroded 
into valleys prioi' to the deposition of the Tonto group. Fossils have 
been found at the base of the Grand canyon series, but they are not 
well preserved and little can be made of them. Still, on geological 
evidence, these beds are considered Siluriari. 

WALCOTT,71 in 1883, describes below the Tonto a great series of 
unconformable sediments which are divided into two groups, the Chuar 
and Grand canyon, l;>etweeti_ which there is au uncop.formity by erosion. 
The lower or Grand canyon group is made up of an immense mass of 
sandstones and interbedded greenstones, and the Chuar group is a 
series of sandy and clay shales. The Archean at the base of the Grand 
eanyon group consi st s of thin-bedded quartzites broken by intrusive 
veins of a flesh -colored-gTanite, the layers of quartzite standing nearly 
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vertical. The Grand canyon and Chuar groups unconforma l>ly drpos
ited over the underlying Archean are referred to the Lo-,..rer Cambrian 
and placed as the stratigraphical equivalent of the Keweenawa11 group 
of lake Superior. In the Grand canyon series are found a few obscure 
fossils. The Chuar and Grand canyon series are both who11y unmeta
morphosed and but slightly disturbed. 

WALCOTT,33 in1886, states that the Tonto sandstone of the Grand 
canyon district is Upper Cambrian or Potsdam. Then below a great 
unconformity occurs by the erosion of an entire cross section of 13,000 
feet of strata of the Chuar and Grand canyon series; below the un
conformable series rest unconformably on underlying highly inclined 
strata, which where the section terminates belong to a system of strata 
between the Grand canyon series and the Archean. -On account of 
this great unconformity below the Tonto it is thought better to classify 
all the pre-Tonto strata as pre-Cambrian, the middle and lower Cam
brian times being in the Grand canyon district a period of erosion. The 
Chuar formation or upper 6,000 feet of limestones and argillaceous 
shales lithologically resemble the Trenton limestone and Utica shales 
of tl1e New York section. There is no evidence of the great age of 
these strata in their physical aspect. The lower G,OOO feet of Grand 
ca1nyou formation are sandstones with interbedded lava flows toward 
the upper portions. Ripple marks and mud cracks abound in many of 
the layers, but not a trace of a fossil was seen. Midway in the lower 
l)Ortion of the overlying Chuar strata the presence of a fauna is shown 
by a minute Discinoid or Patelloid shell, a small J_.~ingula-like shell, a 
species of Hyolithes, and a fragment of what appears to have been the 
pleural lobe of the 8egment of a trilobite belonging to a genus allied to 
the genera Olencllus, Olenoiues, or Paradoxiues. There is also an ob
scure Stromatopora-lHce form that may or may not be organic. The 
fauna as given above is very unsatisfactory, but it shows the presence 
of a fauna that is Cambrian in character, as far as we know, altl10ugh 
it may be a trace of a fauna preceding that of the Lower Cambrian of 
tl1e Atlantic border; and as the stratigraphie evidence favors this view 
it is thought that it cannot be considered of Cambrian age. 

W ALCO'l'T,35 in 1889, refers the section laid bare in the Grand canyon 
of the Colorado to the Keweenaw group. This section presents one of 
the best op11ortuuities known to the author for the discovery of a pre
Olenellus fauna. 

W .A.I.COTT,72 in 1890, gives the Algonkian section of the Grand can
yon as follows: Cbnar (shales and limestones), 5,120 feet; Grand can
yon (s~mdstones with lava flows in upper part), 6,830 feet; Vishnu 
(bedded quartzites and schists), 1,000+feet. 

SUMMARY OF RESULTS. 

It is evident from the literature that in western New Mexico and in 
the major part of Arizona is a funua,men taJ, thoroughly crystalline 
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complex, consisting of most intricately ~ingled and folded grr.nites, 
gneisses, micaceous and hornblendic schists, etc., precisely as in the 
previous sections concerned with the Rocky mountain system. This 
complex occurs at many points, constitutes the axes of many ranges, 
and its structure"is of so intricate a character that no attempt has been 
made to estimate its thick:J?-eSs or to work out its structure, altlwugl1 in 
general the laminated rocks have been referred to as metamorphic. 
The granite in this complex plays the same part with reference to the 
crystalline schists as in the other areas referred to. Besides this an
cient granite, which existed before the next newer series of rocks was 
formed, there is apparently in certain areas granites of later age, and 
these are more plentiful as the western part of Arizona is reached. 

In eastern New Mexico and western Arizona, so far as the descrip
tions guide us, there is no certainty that any clastic rocks exist older 
than the fossiliferous series. In the central part of Arizona, however, 
in the Colorado canyon district, is the most complete section of rocks 
older than the Cambrian and newer than the fundamental complex in 
any known part of the world, with the exception of the lake Superior 
region. 

The Tonto sandstone of the Grand canyon region, called -by Powell 
and Gilbert Silurian in accordance with the nomenclature of the time, 
by present classification is to be placed as Upper Cambrian. The great 
unconformity wltich separates this sandstone from the earlier series 
makes it very probable that the latter are pre-Cambrian. These inferior 
series in descending order are the Chuar, Grand canyon, Vishnu series 
(together the equivalents of Powell's Grand canyon group), and tbe 
basal complex. The upper series consists of shales and limestones. 
Below this, with an erosion interval, is the second, consisting of sand
stones, with interbedded and cutting basic eruptives. Inferior to this 
series, and separated by a great unconformity, is a set ofthinly bedded 
and nearly vertical quartzites of undetermined thickness, broken by 
intrusive masses of granite. These three are clearly clastic series. The 
basal complex as described by Powell and Gilbert consists of thor
oughly crystalline bornblendic and micaceous schists, gneisses, and 
granites, like the fundamental complex of the remainder of New Mexico 
and Arizona. Between this basal complex and the Vishnu series, as 
shown by Powell, is a vast unconformity. We have then in this region 
passing from the base upw.ard, a fundamental complex; great uncon
formity; quartzite series of unknown thickness (Vishnu); great uncon
formity; Grand canyon series; minor unconformity; Chuar series; great 
unconformity; Cam brian. 

The fundamental complex of Arizona has all the characteristics of 
the fundamm1tal con1plex of lake Superior. The next overlying series 
is a quartzitic one, and quart:dte is one of the most abundant and char
acteristic formations of tbe Upper Huronian of the Northwest. The 
next great succession is the Grand canyon and Chuar series, which in 
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their unmetamorphosed condition, and in the character of the sedi
ments are almost identical with the great thickness of sediments of the 
Keweenawan. Alsotheeruptives, which are interbedded with the Grand 
canyon series and cut it, are practically identical with the basic eruptives 
of the Keweenawan. rrhese interbedded and cutting greenstones 
are characteristic of the lower, but are not. found in the higher series, 
a still further analogy with the Keweenawan, for the lower Kewee
nawan contains eruptives and the upper Keweenawan is wholly detrital. 
The Grand canyon succession is then remarkably like that in the lake 
Superior region, and the respective series are lithologically alike. 

It is exceedingly unsafe to correlate a single series with another se
ries in a different geological basin upon lithological grounds; but when 
two great series of rocks are found, each of which has respectively similar 
lithological characteristics in two regions, and they are both separated 
by a physiGal break, and both sets of series are in exactly similar posi
tions with reference to the overlying Cambrian and to the basement 
complex, the likeness suggests that they stand respectively as the time 
equivalents of each other. Between the two regions is the difference 
that in the Grand canyon arear a possible equivalent of the Lower Hu
ronian of the lake Superior is. not known. The correlation suggested 
can be considered no more than a conjecture since the parallelism in 
the two regions .niay be no more than a remarkable coincidence. It is 
remarked by Walcott that in the pre-Tonto series are a few obscure 
fossils, and that this locality is perhaps one of the best in the world in 
which to search for a pre-Cambrian fauna. Since in the lake Superior 
region the beginning of a pre-Cambrian fauna is also known, it may 
not be ·too much to hope that within a few years we sl1all have the 
assistance of fauna of sufficient fullness in these distant regions upon 
which the correlation above suggested may be tested. 

SECTION VIII. CALIFORNIA, WASHINGTON .AND BRITISH COLUMBIA. 

LITERATURE OF CALIFORNIA, WITH ADJACENT PARTS OF NEVADA AND ARIZONA. 

DAN.A,73 in 1849, describes various crystalline rocks in the Umpqua 
and Shasty ranges. These include granite, syenite, porphyry, talcose 
rocks, serpentine. The hornblendic and talcose rocks are rarely schist
ose. Associated with the former rocks are conglomerates and sand
stones. 

TYSON,74 in 1850, describes sections in the Sierra Nevada and the 
Coast range. The rocks are, first, metamorphic, consisting of tlwse of 
sedimentary origin, such as slate, but s_ubsequently altered by the 
effects of heat, and second, of hypogene rocks, which include granite, 
trap rocks, and others. At the summit of the Sierra, granite is 
the prevailing rock, and upon its flan_k:s slates. The cleavage of 
the slates have a uniform course, about north of west. These lines of 
cleavage are usually taken for those of stratification, but it is fre-
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quently difficult to determine the stratification even where extensive 
excavations have· been made. However much the slates have been 
disturbed during tl1eir period of upheaval, they assume the slaty 
structure in continuous or parallel lines extending over considerable 
distances-in the present instance for more than 70 miles-the inclina
tion being nearly vertical. 

BLAKE/1 in 1856, states that the contorted gneisses of the Aquarius 
mountains arc metamorphic. In the .Aztec mountains the horizontal 
Carboniferous strata show that it was an ancient granitic uplift. Tlte 
specimens of granite are of a red or rose color, few or none being white 
or light gray, in this respeet contrasting strongly with the eollection 
made from the Sierra Nevada and the Bernardino Sierra, as well as 
from those of the Great basin and along the Mojave river. The meta
morphic I'ocks are in all probability not older than the Silurian or Car
boniferous. This is certainly the case in the Aquarius mountains. In 
the rapid reconnaissance of these disturbed and metamorphic rocks it 
was not possible to bestow the attention upon them which their ob
scured condition dema11ds, aml it is therefore not possible to assign a 
dividing line between the truly erupted granitic rocks and those which 
simulate them but in reality <:Lre of sedimentary origin. 

NEWllERRY,75 in 185G7 states that in the coast mountains are found 
occasional protrusions of granite and serpentine. The great mass of 
the Sierra Nevada is composed of plutonic or volcanic rock, granite, 
gneiss, mica schists and porphyries, traps, trachyte, etc., with aurifer
ous talcose slates and veins of quartz. The western slope of the Cas
eade mountains in one place where crossed is composed of trappean 
and metamorphic rocks. 

ANTISELL,76 in 1856, states that in the Coast range the igneous rocks 
that form the axis are of two kinds, granitic and trachytic. While alto
gether distinct in their extreme types, when they approach each other 
in position and age they merge these separate differences. The gran
ites of the Sierra Nevada are anterior to the Eocene and posterior to 
the later Paleozoic. All of the observed sedimentary rocks were post
Cretaceous. Granitic and primary metamorphic rocks are mentioned 
as occurring at several places in the Coast range, and in the Cordil
leras in many localities. At one locality hornblende-gneiss is found. 

BLAKE,77 in 1857, states that granite is found at points along the 
coast from Monterey to near the Golden Gate. At the Tejon, in the 
Sierra Nevada, the rocks now generally classed as metamorphic, such 
as gneiss, mica-schists, hornblende-slate and chlorite-slate, are pre
dominant. While these rocks are probably a metamorphosed sedi
ment, the linear arrangement of the mineTals is not regarded as satis
factory evidence of it. This strueture also appears when the rocks 
are so far fused as to obliterate the original planes of stratifi
cation, and therefore the words strata or stratification in relation to 
these rocks are avoided, but to designate the lines or layers of minerals 
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are used planes of structure or lamination. At one section was found 
granite, upon both sides of which is white limestone; next to the latter, 
on one side is quartz rock, which is followed by chlorite-slates. · If the 
structural relations were regarded as conclusive evidence, the whole 
series would necessarily be considered metamorphic; but there is little 
reason to doubt that the granite is eruptive. The metamorphism in 
the limestone is complete and resembles the coarsely crystalline white 
limestones of Sussex county, New Jersey. There is no indication as 
to the age of the limestone or quartz rock, but there is some reason to 
regard tlJCm as Carboniferous, for these are the nearest known forma
tions of limestone which are recognizable by fossils. On the section 
·of the Canada de las Uvas the rocks are similar to those of the western 
slopes of the Tejon. Along the Mojave river the rocks consist of meta
morphic slates, very compact and so much changed as to resemble 
granite. In the Colorado desert the most of the metamorphic rocks 
are highly laminated and contain lenticular beds of limestone. In the 
gold region taJcose and clay-slates are the prevailing rocks, and in gen
eral present a low degree of metamorphism. Next to the slate in 
importance is white crystalline limestone. 

EMORY,78 in 1857, states that in southern California there is a great 
preponderance of crystalline metamorphic granite pertaining to the 
older Paleozoic series of rocks and an entire absence of any member 
of tlw lower Paleozoic or secondary rocks in their regular stratified 
cl1aracter. The central axes are represented by somewhat variable 
granite, assuming in some places a close syenitic texture and at other 
times there is a, preponderance of mica. Belonging with the granitic 
sedes, particularly on the eastern side of the range, are mica and tal
cose slates. 

NEWBERRY,79 in 1861, describes the great mass of the Peninsular 
mountains east of San Diego as composed of granitic and gneissoid 
rocks, which are similar to most of the granites of the other systems 
of the Colorado; that is, a predominance of the feldspathic over the 
hornblendic ingredients. Where the Colorado cuts through the Choco
late mountains they are composed of gneisses traversed by veins of gran
ite and quartz. The gneissoid rocks are freq11ently foliated and much 
convoluted. Their aspect is such as to lead an observer more readily to 
refer them to a metamorphic origin than any other rocks seen on the 
route. The great mass of J'\ionument mountains is a coarse, massive 
feldspathic granite. On both sides of the granitic axis are highly meta
morphosed conglomerate and sandstone. The principal mass of the 
Mojave mountains is composed of white granite, traversed by numerous 
veins of quartz. The Black mountains· as a whole are characterized by 
the prominence of eruptive rocks, such as massive granite, trap, por
phyry and trachyte, and the rarity of gneiss, mica slate, clay-slate, 
etc., which are probably metamorphic. In the lower Colorado canyon, 
unconformably below the Potsdam sandstone'-. is granite, which is cut 
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by veins of quartz and red syenite. This sandstone is somewhat meta
morphosed, but its consolidation is not due to volcanic heat, but rather 
to molecular changes induced by long-continued pressure of the im
mense mass of superincumbent rocks. The Cer·bat mountains have a 
core of granite. 

WHITNEY,80 in 1865, describes the Coast range, the region between 
the Canada de las U vas and Soledad pass, and the Sierra Nevada, in 
all of which regions are found granitic and metamorphic rocks. 

Granite occurs at many points in the Coast range and is described 
and figured as breaking through the Cretaceous and Tertiary strata 
and metamorphosing them. 

In the Canada de las Uvas region, at San Emidio canyon, occur gran
ite, :r;nica-slate, syenite, hornblcnde.slate and limestone, turned on end 
and unconformably overlain by unaltered Cretaceous and Tertiary 
strata. In the Tejon pass are found mica-slate, granite, gneiss, and 
syenite. Near the fort occurs crystalline limestone ~sociated with 
mica-slate and gneiss, together with magnetic iron ore. 

At many localities in the Sierra Nevada are described areas of gran
ite, many of them of great magnitude. With them are associated met
amorphic slates, a portion of these being mica-slates. In places granite 
dikes and veins are seen to intrude the slates. At Dome mountains, 
near the head of Kern and ICings rivers, a granite has a peculiar con
centric dome structure which is not regarded as clue to sedimentation, 
but results from the cooling of igneous material. The few fossils de
scribed in the slates of the Sierra are such as to cause them to be 
referred to the Jurassic. 

GILBERT,36 in1875, states that in the Inyo range are found syenite, 
granite and gneissoid rocks. On its east face quartzites, siliceous 
schists, green schists and limestones make the section over 1,100 feet 
thick. In the Amargosa range the Whites peak series is 11,500 feet 
thick, and is comJ1osed of quartzites, green garnetiferous schists and 
siliceous a11d argillaceous schists. At the base of the section in tLeAmar
gosa range is 900 feet of quartzite resting conformably upon 600 feet 
of mica-schist and chlorite-schist. A section at Boundary canyon 
2,500 feet thick is made up of limestones, micaceous and other schists 
and quartzites. None of these rocks are regarded as pre-Silurian . 
.Although no fossils are found, the Whites peak section is presump
tively Silurian. 

M.A.Rcou,81 in 1876, states that granitic rocks occur in the Sierra 
Madre in southern California at a number of points. This mountain 
chain is described as the most ancient of the modern chains of southern 
California; that is to say the granite, pegmatite, gneiss and metamor
phic rocks which form its principal mass date from times anterior to 
the Paleozoic. 

LOEW,82 in 1876, states that nearly all the mountain ranges of south
ern· California belong to the Primitive formation, In the San Bernar-
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dino mountains the main mass is granite, accompm1ying gneiss, mica· 
schi!:;t, talcose schist and primitive clay-slate. The River-8ide and 
Half-Way mountains consist of granite and gneiss. At the Mojave 
range . is a series of Azoic rocks consisting of fine grained granite, 
syenite, hornblende-schist and quartzite. At the Panamint range are 
primitive limestone and clay-slate as accompaniments of the granite. 
Eruptive gneiss is found in tlte Coahuila valley which has metamor
phosed the limestone on either side. The gneiss sltows by the position 
of its mica plates a stratification parallel to the limestone layers, indi
cating the effect of pressure during the eonsolidation of the injected 
rock mass. Eruptive syenite occurs in the Buena Vista and Inyo ranges 
and eruptive granite at Dead mountains and in the Opal ranges. Occa
sionally in the San Bernardino mou.ntains the granite gives rise to the 
formation of beds of arkose, a rock in which granitic debris has been 
recemented, forming a sort of granitic sandstone resembling to some 
extent granite but the uniform grain, friability, and rusty surface of 
the fragments elucidate its true nature. 

NEWBERRY,54 in 1876, states that in the Aquarius range the Carbon
iferous strata rest directly upon the granite. In the Cerbat mountains 
gray granitic rocks are found upon which rest unchanged Carboniferous 
strata. In the mountains of the lower Colorado metamorphic rocks are 
abundant, consisting of gneiss, mica-slate and clay-slate, talcose slate 
and limestone, the latter highly metamorphosed and crysta1line, form
ing marble, so far as observed, wholly destitute of fossils. This meta
morphic limestone of the Sierra is suspected to be Carboniferous. 

CoNKLING,83 in 1877, states that the ridge-like line of the eastern 
summit of the Sierra consists entirely of granite, flanked in several 
places by igneous rocks. In t~e Western Summit range are also found 
granitic rocks. 

CoNKLING, 84 in 1878, describes portions of western Nevada and east
ern Ca.lifornia, including a part of the Sierra range, and finds little 
aside from metamorphic and igneous rocks. Granite is found at many 
localities. 

BECRER,85 in 1888, states that granite underlies the Coast ranges and 
the Sierra Nevada. The evidence in California is in favor of the hy
pothesis that the main mass of the underlying granite is primeval. 
While it is not absolutely certain that Archean rocks occur in Califor
Jlia, the unquestionable occurrence of the Arcltean in Arizona, together 
with the similarity of the rocks of southeastern California to those of 
the adjacent territory, make it probable that San Bernardino county is 
largely Archean. In the Gavilan range the lowest sedimentary forma
tion is a crystalline limestone, associated with which are rocks of the 
Archean gneiss type. It is possible that it is a member of the Knox
ville series more metamorphosed than usual, but it appears more proba
ble that it is a remnant of some older for:p.1~tion wl1icll has pcrb~"Lpt~ 
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undergone repeated metamorphism. .Aside from these the earliest 
metamorphic rocks of the coast are probably Cretaceous. 

BECKER, 86 in 1891, describes the sierra between the Stanislaus and 
Truckee rivers as being chiefly granite and diorite overlain in part by 
andesite and basalt. The granite and other granular rocks arc inter
sected by fissures at short intervals which are believed to be early Cre
taceous. 

LITERATURE OF WASHINGTON. 

GIBBS,87 in 1855, states that in central Washington, in the valley of 
the Methow, is found granite, syenite and gneiss, well characterized 
and blended witlt each ot her. The syenite is often divided by joints so 
as almost to appear stratified and to give its perpendicular walls the 
semblance of artificial construction. The gneiss is found both hori
zontal and displaced by the intrusion of trap. .Along the Columbia 
river was found syenite, granite, gneiss, quartzose rock;s, talcose slate 
and greenstone. 

LITERATURE Oil' BRITISH COLUMBIA. 

RICHARDSON, 88 in1872, mentions crystalline rocks on the east coast 
of Vancouver which are pre-Carboniferous and may be of Laurentian 
age. 

RICHARDSON, 80 in 1873, finds below the coal-bearing series of Van
couver and Queen Charlotte islands crystalline limestones, diorites, red 
and green slates, the age of which is uncertain, but are probably Silm·
ian or later. 

RICH.AU,DSON,90 in 1876, finds crystalline rocks throughout a wide
spread area in British Columbia, extending through 7 degrees of lati
tude, from New Westminster on the Fraser river to W ran g-el on the 
Stickeen river, and through 6 degrees of longitude, from Vancouver to 
Cariboo and Tete J anne cache. While not able to speak authorita
tively on the age of this great series of crystalline rocks or to say 
whether different portions of them will be proveLl to belong to distinct 
epochs, they present such a wond-erful uniformity in character as to 
favor the idea that they constitute one great and widespread serie::;. 
They are doubtless the gold-bearing rocks of British Columbia. 

SELWYN/1 in 1877, in a report on exploration in British ColtLmbia, 
divides the rocks into five divisions from above downward. Division 
four consists of semicrystalline rocks, among which are limestones, 
shales, mica-schists and quartzites, which appear to have obscure fos
sils. The age of these rocks is not clearly determined. Division five 
consists of granitic rocks. 

MAcouN,02 in 1877, finds granite-gneiss and gneiss a few miles up the 
Quatre Fourches river, which are referred to the Laurentian. 

DAwsoN, (G. M.)93 in .1877, states that a crystalline series occurs in 
the Cascade mountains ab.out Eagle and Tatla lakes. These are chiefly 
highly crystalline gneisses, granites and diorites. 

Bull. 86-22 
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DAWSON (G. M.),~4 in 1878, states that the crystalline series of Van
cotl ver, described by Richardson in 1872, are found to contain fossils. 
Tiley llave, however, become metamorphosed, and in lithological c)lar
aeter resemble the Huronian and altered Quebec groups of eastern 
Ca1mda. 

DAWSON (G. 1\1.),95 in 1879, describes in some detail the Cascade 
cryt:ltalline series, which are referred to the Carboniferous period. The 
only rocks tentatively referred to the Laurentian are crystalline rocks 

- of Shuswap lake and the gold range, which comprises gneisses, green
stones, schi~ts, limestones and granites. 

BAUERl\'lAN,96 in 1885, describes, near the forty-ninth parallel, west of 
the Rocky mountains, large areas of crystalline rocks, among which 
are granites, gneisses, basalt, c;tc. The gneit:ls of Spokane resembles 
the typical Laurentian gneiss of Canada. The metamorphic slates and 
greenstones perhaps belong to the Huronian. 

DAwsoN (G. M.),97 in 1886, in that portion of the Rocky mountains 
between latitudes 490 and 50° 30', places the lowest rocks found in the 
Cambrian. These comprise quartzite, quartzitic shales, argillites, 
limestones, and conglomerates. One section, between South Kootanie 
pass and Flathead river, haH a maximum thickness or more than11,000 
feet. These rocks are apparently destitute of fossils and are compared 
in their lithological character with the Cambrian of the Wasatch, but 
they have a still closer resemblance to the Clnmr and Grand canyon 
groups of the Colorado river. 

DAWSON (G. M.),!l3 in 1887, describes Vancouver island and the ad
j:went coasts. All tile stratified rocks are Cretaceous or rrriassic, 
although they are often metamorphic and crystalline. To all the vol
canic material underlying the Cretaceous, including the limestones, 
argillites and quartzites, the term Vancouver series is applied. These 
rocks, the oldest in the district, were not deposited upon · a granitic 
floor, as the granites are evidently iater in date, and nothing is known 
of the character of the surface upon which the . Vancouver beds were 
deposited. Granitic rocks are very, widespread. The granites near 
the line of junction with the Vancouver series arc charged with in
numerable darker fragments from that series. In the immediate vicin
ity of the parent rock they are angular and clearly marked, but at a 
greater distance are rounded and blurred in outline. The width of the 
belt in which these fragments· occur may exceed half a mile; iu other 
cases it is only a few hundred feet. It was in several instances found 
impo:::;sible to draw a distinct line between the granites aud the Van
couver rocks. The Vancouver series for some distance from the contact 
is very generally shattered and penetrated by granitic spur's or by fel
site dikes. If the granite were in limited intrusive masses these would 
be regarded as ordinary intrusive rocks, but it appears everywhere to 
be the material upon which the Vancouver series rests, and is never
tholes::; evidently of later date than these rocks. The only explana 
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tion whieh appears satisfactorily to accoun~ for the appearances met 
with is that in consequence of upheaval and denudation we now 
have at the surface a plane which was at one time so deeply buried 
in the earth's crust that the rocks beneath it had become subject to 
granitic fusion. It is clear that the granitic rocks beneath were 
in a plastic condition, not alone from the fact that they are found to 
penetrate the older series, but al~o from the evidence everywhere met 
with of the scattering out of fragments of the stratified rocks into the 
granites. Both the granites and the rocks of the Vancouver series have 
been subjected to great pressure in a horizontal direction, causing the 
fragments in the agglomerates to assume lenticular forms and impress
ing a more or less distinctly schistose character upon them, while the 
dark included fragments in the granites have been squeezed out into 
sheets, giving_ the portions of these rocks which are characterized by 
an abundance of such ,fragments an almost gneissic lamination. At 
the time at which this effect was produced the granites must still have 
been in a plastic state. On the inner side of Vancouver island it may 
further be remarked that for a long stretch the flaggy argillites and 
quartzites are frequently directly in contact with the granitic roeks, 
rendering it proba;ble that the refractory character of their materials 
has proved a sufficient barrier to the progress of the granitic change, 
which may, locally, have nearly reached its possible limit. Particular 
occurrences of granite at many localities are described in detail. 

Mc0oNNELL,99 in 1887, describes the Bow river series in the eastern 
part of the Hocky mountains. It consists of dark-colored argillites, 
associated with sandstones, quartzites and conglomerates. The base 
is not seen, but the part exposed has an estimated thickness of 11,000 
feet. The argillites are occasionally cleaved and have scales of mica 
often developed along the divisional planes. The only fossils obtained 
from this formation are a couple of trilobitic impressions, one of which 
was identified by Walcott as Olenellus gilberti. 

BowMAN,100 in 1889, states that certain schists are found in the Cari
hoo gold belt of British Columbia, which are referred to the lower 
Paleo~oic. These consist in the main of slates and sandstones, the 
total thickness being placed in the neighborhood of fr·om 5,000 to 8,000 
feet. No fossils are found, and their position as lower Paleozoic is 
tentative. In the Alpine region of C.ariboo are found gneisses, gran
ites and quartzites, which resemble the characteristic rocks. of the 
Archean. Associated with these are lower granitic rocks. The entire 
crystalline series of the gold region of Cariboo is lithologically identi
cal, as near as can be described in general terms, with the rocks of the 
pre-Cambrian and Cambrian gold regions of eastern Canada. The 
gneissic and schistose type of rocks of the mount Stevenson group 
especially (supposed to represent the lowest horizou, on account of their 
association with granite in a central and massive mountain group) 
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finds lithological representatives in the pre-Cambrian rocks of the east
ern provinces of the Dominion and in the Appalachian axis. 

DAwsoN, (G. M.) 101
, in1891, describes a section in the Selkirk range 

and compares it with a section of the interior plateau region at Kootanie 
and Adams lakes and on the west side of the Rocky mountains. The 
sections are given and correlated as follows: 

Provisional C07n]Ja,rative table of forrnations rnet with (1) in the eastern border of the in
terior platean of British Colttrnbia, (2) in the Selkirk range, and (3) on the western side 
of the adjacent portion of the Rocky ·mountain 1·anges. 

1. Section on Kootanie and 
.Adams lakes. 

2. 
0
Snec

1
t
1
.nio

6
n

0
ifn t0haenSaedl1_la~nirkPraacn1_ ~ce 3. Section in the Rocky moun-

fi tains (west sicle of range, 
Railway. McC01mell). 

6. Greenish an d 
gray sehists, 
with lime-

Feet. 

stone .. _ ... __ 2, 000 
5. Limestone o r 

marble with 
black, glossy 
argillites and 
so me gray 
schists ---·-· 2, 500 

Quartzites, with gray 
schists and s om e 
limestone-

Black shaly argillites, 
limestone, and gray 
schists. 

~ 4. Chiefly green-
-~ ish, with some w 
rn gray schists_ 4. 050 -~ 

Gray schists and 
gray quartzites, 
with some quartz
ose conglomerate 
and interbedded 
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li t e s, the last 
chiefly toward the 

C) 3. Chiefly gray, ~ 
~ with some ,!<j 
-;; g r e e n i s h -~ 
~ schists ...... 8, 550 ~ 

Feet. 

'd rn 
..q base .... _ . . . . . . . . 25, 000 

rfi 2. Black, shaly or 
<ll schistose ar-
-~ gillite, w it h 

some lime-

Feet. 
Halysites beds, dolo-

mites, and quartzites 1, 300 
or more. 
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limestone. . • . • . . . . . • 1, 500 
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some dolomitic 
limestone ... -._ 10, 000 

(probably). 

ui D a r k arglllitea, 
.$l with some quarC>J<
~ ites and conglom

':!3 stone._ ...... 1, OOJ 
~ or more. 
0 

w Blackish argillite
-~ schists and phyl
~ lites, generaily 

..<:l calcareous, with 
~ some beds of lime- -~ ... 
~ stone and quartz- ~ 
8 ite ... -. . . . . . . . . . . 15, 000 

erates, the latter 
particularly 
toward the sum
mit. Base not 

<:) 

-~ 
~ 

~ · 1. M i c a -schists, 
~-~ gneisses, and 
] ~ marbles . - -~~ !·o~~~ 
rn 

~ 

§' ri; Gray g n e i s s i c 
~-~ rocks and coarse 
;:j <ll mica-schists __ . 5, 000 

..<:l rn or more. 
rn 

seen ........... -. 10, 000 
or more. 

.Associated with the .Archean schists are certain granitoid rocks wl1ich 
may represent either portions of. the schists in which the bedding has 
been obliterated or very ancient intrusives. Besides these there is at 
least one later series of intrusive granites which are probably later than 
most of the Paleozoic rocks. The Shuswap series of the Adams lake 
section appears to be traceable on their line of strike into diabases and 
diabase rocks, which are often agglomerates and pass into volcanic ash 
rocks. In the Shuswap series of the Selkirk nearly half of the entire 
mass of the rocks exposed consist of intrusive or vein granite· with 
pegmatitic tendencies. In the Nisconlith series the lamination is often 
true bedding, but in some cases a slaty cleavage is developed. In the 
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.Castle mountain group and the upper 3,000 feet of the Bow river series 
of the Rocky mountain section the Olenellus fauna is found. Now here 
in any of the sections were unconformities seen. In sections 1 and 2 
no fossils have been discovered. The correlations are made upon rela
tive positions and lithological grounds. Between the Shuswap and 
overlying series there is believed to be a great time break, for this 
low~r series is of a markedly more crystalline character, and the numer
ous granite veins which everywhere cut it at no point enter the over
lying Cambrian strata. The rocks placed in the Cambrian are then 
40,000 feet thick. The use of the term Algonkian to designate the 
rocks conformably below the Olenellus fauna is objected to, it being 
more philosophical to include, for the present at least, the whole of this 
great conformable mass of rocks to its base under the name Cambrian. 

SUMMARY OF RESULTS. 

The literature of the vast region covered by the western coast ranges 
and British Columbia is too meager to make possible any systematic 
comparisons between the rocks of different districts. No attempt has 
been made accurately to map any considerable areas in the region. 
The crystalline series have been referred to the pre-Cambrian, Cam
brian, Huronian, or Laurentian, as the particular author thought_ad
visable. 

In California, Whitney evidently regarded all of the granites and 
metamorphic rocks as of very late age, but Becker, on the contrary, 
regards the main mass of them as the equivalent of the most ancient 
complex of Arizona and other western Territories. The earlier ob
servers, such as Antisell, speak of the granites and metamorphic rocks 
which occur in the different r~nges as Primary, but this reference was 
clearly made upon lithological grounds. While nothing definite can be 
said, the descriptions of some of the areas in southern and southeast
ern California and in the district along the Canada de las U vas cer
tainly suggest that in these districts are thoroughly crystalline com
plexes which are lithologically like the fundamental complex of the 
Rocky mountain region, but it can not be positively asserted that any
where in this region, except in British Columbia, such an ancient rock 
system has been found. Here the recent work of Dawson has shown 
the existence of a fundamGntal complex in all respects like that found 
jn the Rocky mountains of the United States. 

Nothing definite can be said as to the existence in California of pre
Cambrian clastic series later ... tban such a possible fundamental com
plex. It is not at all impossible that such great series of crystalline 
schists as that described by Gilbert at Whites peak, in the Amargosa 
range, is the equivalent of the clastics of the Grand canyon group. 
This "series was by this author referred to tlie Silurian; but the Grand 
canyon series at that time, when the lowest fossiliferous rocks were so 
called, was also called Silurian. 
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In British Columbia the lower 7,000 feet of the Bow river sel'ies of rocks 
may be pre-Olenellus, and not improbably belong to the Algonkian un
der our usage of the term, although placed by Dawson under his usage 
as a part of the Cambrian. If a part of this Bow river series is Algon
kian, it would carry with it also, in all probability, the Nisconlith sm·ies, 
with possibly a portion of the Selkirk series, and doubtless also a por
tion at least of the section at Kootanie and Adams lakes; hence it is 
not improbable that in British Columbia is a great area in which Al
gonkian rocks occur. 
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OHAPTER VII. 

EASTERN UNITED STATES. 

SECT.ION I. THE NEW ENGLAND STATES. 

LITERATURE OF MAINE. 

JACKSON/ in 1837, observed granite, gneiss, and mica-schist at many 
localities. At one place schistose fragments occur in syenite, which 
Indicates that the syenite has been thrown up in a melted state since 
the deposition and induration of the argillaceous and talcose slates 
included. Dikes very frequently cut the fossiliferous horizon. 

HITCHCOCK2 (Enw ARD) in 1837, describes a rock succession at Port
land as consisting from the base upward of (1) granite; (2) gneiss; (3) 
talcose and mica-slates, with quartz-rock; (4) hornblende-slate; (5) 
limestone; (6) plumbaceous mica-slate; (7) pyritiferous mica-slate. 
The .latter has the aspect of a graywacke-conglomerate, being filled 
with d~stinct rounded masses of quartz rock. It is really a mica-slate 
conglomerate. The series are in a vertical position and the whole are 
cut by greenstone dikes. 

J A OKS ON, 3 in 1839, includes in the Primary rocks of Maine the gran
ites, gneiss, talcose slate, and argillaceous slate. The transition rocks 
are a great formation, which includes slates, limestones, fine gray
wackes, and coarse conglomerates. It is also fossiliferous. At one place 
mica-slate is thrown aside by intrusive granite. 

HrrcncocK 4 (CHAS. H.), in 1861, divides the unfossiliferous rocks 
into Stratified or Azoic and Laurentian. With the latter are placed 
granitic, trappean, and Archean rocks. The Azoic rocks, which may 
be in age Laurentian to Carboniferous, include gneiss, mica-schist, 
quartz-rock and conglomerate,j as per, siliceous slate, and horns tone. The 
quartz-rocks and conglomerates are associated. A.t one place a con
glomerate has elongated pebbles which indent each otber, which is 
evidence that they must have been in a plastic condition. Metamor
phism may even produce granite and gneiss by aqueo-igneous fusion. 
The syenites containing fragments of schist and trap, described by 

. Jackson, are believed to be metamorphosed conglomerates, the included 
pebbles of which have preserved their original shapes. The foliation 
of the metamorphic rocks generally correspond with the planes of strat
·ification, but may cross the strata like cleavage planes. The trap dikes 
are believed to be eruptive. 
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HITCHCOCK (CHAS. H.),5 in 1862, describes the rocks of the southern 
part of the state as granite and syenite, gneiss and mica-schist, saccha
roidal Azoic limestone, quartz-rock, (Taconic), Eolian limestone, etc. 
Presumably the granite and syenite, the gneiss and mica-schist, and 
~\.1;oic limestone are Primitive. In the Kennebec valley are found in
tcrstratified limestones and slates, the cleavage of which is almost 
transverse to the bedding, so that it is only possible io get at the true 
direction of lamination by following the limestone belts. At one Ill ace 
is an abrupt change from mica-schist to granite. A red conglomerate 
rests uncomformably upon a slate at Woodstock. 

HrrcrrcocK (CHAS. H.),6 in 1874, describes at Portland three groups 
of rocks, the oldest of which is the Huronian. In this system are green 
talcose schists, hornblendic schist, micaceous and plumbaceous schist, 
and other varieties. They are referred to the Huronian on the ground 
that such rocks are typical of this period, and continuity of mineral 
character indicates similarity of age till otherwise PFoved.· 

HUN'l'lNGTON,7 in 1878, describes the region about the headwaters of 
the Androscoggin river. The rocks are classified as Laurentian, Hu
ronian, and Paleozoic. In the Laurentian is gneiss, containing lime
stone. In the Huronian are White mountain gneisses and schists, 
mica-schists, with staurolite, chloritic and whitish argillitic mica-schists, 
sandstone-schists, diabase, diorite with serpentine, argillitic mica
schists with staurolite, and Rangely conglomerates. In the Rangely 
conglomerate, when freshly broken, every portion of it except the peb
bles resembles in all respects the staurolitic schist. Going across the 
stratification are places where the pebbles are wanting, or have been 
so changed that they are not apparent, although locally the fragments 
of the conglomerate are a foot in diameter. ·Granite, diorite, and fels
ite are placed among the eruptive rocks. 

SHALER7
8 in 1889, describes the rocks of mount Desert. The island 

consists of a central mass of hornblende-granite and a succession of 
sedimentarios on the north and south sides. About the massive core 
are the following series: The Sutton island series of highly metamor
phosed clay-slates, quartzites, bedded felsites, and associated traps; 
the Cranberry island series, essentially the same as the Sutton island 
series, with many beds of volcanic ash; the Schooner head series of 
contorted argillaceous schists, shales, and the associated injected 
rocks; the Bar harbor series of thick-bedded flaggy slates and asso
ciated bedded felsites and quartzites, with numerous injections of 
igneous rocks; and the Bartletts island series of contorted schists, 
with frequent beds of quartzites, which often assume a gneissic aspect 
with the associated injections of igneous rocks. The great central 
mass of granite is said to be essentially a dike. In approaching the 
central granite the amount of granitic dike injections in the sedimen
tary series greatly increases, and in the sedimentary rocks are found 
numerous dikes of granite. No two of the various sedimentary series 
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are found superimposed upon each other, although there are at least a 
half dozen series which are regarded as representing different parts of 
the geological section. The aggregate thickness of the various section~ 
is not le:::;s thau G,OOO teet and may be one half more than this. The 
great part of mount Desert rocks are referred to the lower part of the 
Cambrian section, although the volcanic rocks of Cranberry island 
resemble deposits of similar nature at Eastport, Mallie, which seem to 
be of Silurian age. 

LITERATURE OF NEW HAMPSHIRE. 

JA.crcsoN,9 in 1841, in a general consideration of the geology of the 
state, states that granite is au igneous rock and is the foundation on 
which all the more reeeut formations rest. When it is found cutting 
other rocks, the intense heat has often metamorphosed the adjacent 
rocks for considerable distances. Reposing directly on the granite is 
found gnei:::;R, the or'gin of which is undetermined. By some geologists 
gneiss is coBBidered a metamorphic rock; others suppose that its strat
ified :::;tructnrc i:::; due to the cry:::;tallization iu laminre and that it is 
merely the upper cruHt of granite. .Above the gneiss are found mica
slate, chlorite-slate, and argillaceous slate, which ar.e regarded as 
l1le.t~- -:-.• v1·pltic rockH. Slates and granite alternate with each other, and 
this is due to the subsequent intrusion of granite. Tllere have been 
seyeral. periods of eruptions of trap dikes, as is shown by the manner 
in whieh they cut each other. 

JACKSON,10 in 1844, gives many facts as to the distribution of the 
roeks, with numcrou:::; sectional profiles. Granite, syenite,porphyTy, trap, 
basa.Jt, mHl lava arc regarded as eruptive rocks. .As a result of out
bursts ·and elevations the strata have been broken up, altered in po
sitim•, and included between masses of molten g11eiss and granite. In 
tllls way is explained the intercalation of masses of argillaceous slates 
in the vrimary series and the metamorphosis of the sedimentary depos
its hy igneonR action. 

RoGERS, (HENRY D. and WM. B.),11 in 1846, state~ that the assump
tion t.l1at the White mountains belong to the Primary series involves 
two cnors: first, in assigning all the rocks to the gneissoid class; and, 
se<'ond, in supposing that none of the strata contain organic remains. 
Tbe g-orge of the Saco was closely examined. The rocks were found to 
have a stratified structure throughout, although in many cases ap
proaching very close to granite. They are regarded as very bighly 
metamorphic sandstones and slates. Associated with the crystalline 
rocks are semicrystalline sandstones which contain distinct fragments. 
In a shale are found fossils, which lead to the conclusion that the 
series.represents the Levant or Matinal. The metamorphic beds are cut 
by beds and veins of syenitic granite, and the extremely crystalline 
character of the slates and sandstones is regarded as due to the igneous 
material. 
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J .A.CICSON ,12 in 1848, maintains that in the White mountains are numer
ous localities where fragments of slate are included in the granite 
which are not altered by heat beyond mere induration. InN ew Hamp
shire numerous masses of older Silurian strata occur intercalated with 
the Prima~·y rocks. 

HITCHCOCK (C. II.) and liUN'I'INGTON,13 in 1877, give a full account of 
the geology of New Hampshire. Hitchcock divides the pre-Paleozoic 
rocks of the northea:::;tern United States into two divisions: first, the more 
ancient gneisses and granites; second, the area of hydromica.eeous aud 
micaceous schists, which are termod Huronian. In the Paleozoic are 
placed great expanses of clay-slates. The first divh;ion is divided into 
four parts: first and oldest, the Laurentian; second, the porphyritic 
gneiss and the various undetermined granites; third, the .Atlantic; and 
fourth, the Labradorian. Among the lluroniau is placed the Quebec 
group of Logan. 

Ilnutington gives the geology of the Coos and Essex district. The 
Com; t·ocks, co11sisLi11g of argillaceou:::; schists, clay-:::;lates, and mieaceous 
satHl~tonm;, are supposed to belong to tlte fossilifcrons series. The Htt
ronian roek:::; are i.ound cast of the line limiting t1JC Coos group. They 
coHsi::;t of green chloritic rodcs, in which the lines of stratifi<·atiou are 
obscure. Con1,aincd are greenish feldspathic saud~:-~tone::;, with inter
calated bauds of sHiceous lime::;tones. There are also here contained 
stratified diorites, diabases, ancllwrnblende-rocks. Tl1e porphyrywhich 
occurs connected with the Coos and Huronian penetrates the rocks 
with which it comes in contact, and the intrusive character can not be 
doubted. Outcrops of granites and granitoid gneisses have a wide ex
tent, a part of them being regarded as genuine eruptive granites sinGe 
they intersect the schists in numerous veins and beds. The basic dikes 
are the latest of all, cutting the granites and intersecting the schists 
at many places. 

Hitchcock gives the formations of the White mountain district in 
ascending order, as follows: (1) Porphyritic gneiss; (2) Bethlehem 
gneiss; (3) Berlin or Lake gneiss; (4) Montalban group; (5) Franconia 
breccia; (6) Labrador system or Pemigewasset series of granites, ossi
pytes, compact feldspars, etc.; (7) syenite; (8) andalusite slates; (9) 
Pequawket or mount Mote granite. The three first are regarded as 
metamorphic, although the stratification is destroyed. The Montalban 
group includes granitic gneiss, mica-schist, and quartzite. The gran
itic gneiss sometimes shows no visible mark of stratification, as in 
the Concord granite, although the whole is regarded as metamor
phic. An unconformity is inferred between the Montalban scl1ists 
and the porphyritic gneiss on account of the divergence in the strike 
of the two groups. Eruptive granite is found in the Montalban schists. 
The Franconia brecci.a is placed later in the chronological scale than 
the Montalban group, because it is the impression of the author that 
he has seen Montalban fragments in this rock. The Labrador system 
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is considered as the probable equivalent of the Labrador system of 
Loganand Hunt. It includes the Conway granite, Albany granite, 
Chocorua granite, Ossipyte or Labradorite rocks, and various compact 
and crystalline feldsp~trs or porphyries. The relations of the Alba11y 
granite and the A.ndalusite slate do not show that the underlying gra,u
ites are certainly not sediments, although tlley have been so tlwroughly 
metamorphosed as to have lost their lines of original bedding; but tlw 
evidence in favor of their eruption since the deposition of the andalusite 
slates is increasing. The slates are twisted and broken in many places; 
the fragments being cemented together by a granitic paste; ah;o, frag
ments of slate occur imbedded in the underlying granite. Tl1C Labra
dor group is found in seven areas. The Labrador rocks lie uncon
formably upon the upturned edges of the Montalban gneisses, the 
discordance varying from 45° to 70° . Porphyry occurs in this system, 
which is regarded as intrusive. Syenite has q nite a widespread occur
rence. The andalusite slates are regarded as the equivalent of the Coos 
series, but they are similar to the Huronian system. The Pequawket 
series is regarded as late eruptives. The stratigraphic order in the 
White mountains is finally concluded upon as follows: (1) the Lau
rentian, represented by the Porphyritic gneiss and the Bethlehem 
group; (2) the Atlantic, consisting of the Lake or Berlin and Mont
alban gneisses, and the Franconia breccia; (3) the Labradorite; (4) the 
Huronian; (5), the Merrimac schists ; (6) the Andalusite schist group; 
(7) eruptions of porphyry; (8) eruptions of the Conway, Albany and 
Chocorua granites and syenites; (D) the formation of the mount Peq naw
ket or mount Mote porphyritic breccia. This order is somewhat dif
ferent from that stated at the beginning of the chapter. The Huronian 
barely touches the White mountain area. With it are placed certain 
quartzites which are lithologically like those of Canada. The Green and 
\Vhite mountain gneisses are regarded as Eozoic because they are a 
continuation of the Eo zoic rocks of New Jersey and New York, because 
they are bordered by quartzites which are of Cambrian age, which dip 
away from them both to the east and west, because the Labrador series 
is present, and because fossiliferous Helderberg strata are found on 
both the east and west sides of the White mountains side by side with 
the metamorphic schists, the former containing fossils. 

In the Ammonoosuc gold field of the Connecticut valley the follow
ing succession is found: (1) Laurentian, consisting of the Porphyritic 
and Bethlehem gneisses; (2) Atlantic gneiss, 1·eprescnte<1 by the 
Lake division; (3) Huronian, embracing the Lisbon and Lymau geonps 
and the auriferous conglomerate; (4) Cambrian clay-slate; (5) Coos 
group; (6) Swift watei' series; (7) Helderberg quartzites, slates and 
limestones. The Huronian formations embrace schists, conglomerates, 
the pebbles being sometunes flattened, quartzites, dolomites and jas
pers. 

In the area between Haverhill and Claremont the su.bdivisio!hl;) are 
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as follows: (1) Bethlehem gnei~s; (2) Huronian, with three or four 
subdivh;ions; (3) Cambrian clay slate; (4) Coos quartzites; (5) Coos 
slates and schists; (6) calciferous mica-schist; (7) eruptive granites, 
including the momtt, Ascutney area, which is partly composed of rocks 
older than H tu·onian. 

In t.he Connecticut valley district, between Claremont and Hinsdale, 
the succession is as follows, beginning with the lowest: (1) Bethlehem 
gneiss; (2) gneisses of the Montalbau series; (3) Hurm1ian; (4) Coos 
quartzites; (5) Coos slates and schists; (6) calciferous mica-schist; (7) 
eruptive granite. The Coos quartzites and calciferous mica-schists are 
only semicrystalline rocks, all the thoroughly crystalline schists being 
placed with the pre-Cambrian. The thickness of the Huronian rocks 
in New Hampshire is placed in the neighborhood of 10,000 feet. 

Huntington gives the order of superposition of the rocks in the west 
part of the :Merrimac district, as follows: (1) Porphyritic gneiss; (2) 
Bethlehem or Proto gene gneiss; (3) common or Lake gneiss; ( 4) ferru
ginous concretionary schist; (5) fibrolite schist, sometimes gneissic and 
passing into common mica-schist; (G) quartzites and quartz conglom
erates; (7) intrusive rocks and veins tones. Hitchcock gives the order 
in the eaRt part of the district thus: (1) Porphyritic gneiss; (2) Lake 
gneiss; (3) l\Iontalban series, including the Concord granite; (4) ferru
ginous schist; (5) .Andalusite mica-schists, with coarse granite veins; 
(G) Roclduglmm miea-schist; (7) Kearsarge andalusite group; (8) Mer
rimac group, including a little clay slate. There are no eruptive rocks 

. in this area of sufficient importance to find a place upon the map. 
Hitchcock gives the succession in the Lake district, embracing the 

Winuipiseogee lake and the flat country to the north, as follows: (1) 
Porphyritic gneiss; (2) Lake gneiss; (3) MoutaJban. The eruptive 
rod\:S are more plentiful and varied, consisting of (1) Conway; (2) 
Albany; (3) Chocorua granites; (4) porphyry; (5) Pequawket brec
cia; (6) Labradorite diorite; (7) syenite; (8) granite, not allied to any 
of the foregoing. 

The succession in the Coast district, including the southeast corner 
of the State, is as follows: (1) Porphyritic gneiss; (2) Lake gneiss 
(including the Laurentian of l\fassachusetts); (3) Montalban; (4) Rock
ingham group; (5) Merrimac group; (G) Kearsarge group; (7) Iluronian 
and Cambrian of Massachusetts. The unstratified rocks are the sye
nites of Exeter and Pawruckaway, inferior granites, and the well de
veloped granites and porphyries of York county, besides a great many 
trap dikes along the coast. 

In considering the principles of classification, as guiding principleR 
it is premised that in this field are inverted :flexures and dislocations of 
the strata. Also that formations of the same mineral composition in 
one part of the field may be identified with those of like com11osition in 
another part of the field, as, for insta,nce, the porphyritic gneiss in 
thirty areas has feldspar crystals very conspicuous for their size. .All 

Bull. 86-23 
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these arcaR are assumed to be identical in age, and in placing the rela
tive positions of the intervening groups this is relied upon for a start
ing point. The general order of succession for New Hampshire, from 
the base upward, is, Porpbyriti<r gneiss; Bethlehem gneiss; Lake and 
l\Iontalban series; argillaceous, talcose, hydro micaceous and calcareous 
series; Labrador series (present in New Hampshire, limited in amount); 
various types of mica-schists. .Andal~site slate in this mica-schist for
mation lies unconformably upon the Montalban at mounts Monad
nock and Kearsarge. The principal eruptive masses are the Conway, 
.Albany, Chocorua granites, syenites, other granites, and labradorite, 
diorites and dolerites. The granites cut rocks as high as the Coos 
group. The Porphyritic gneiss and the Bethlehem group are referred 
to the Laurentian. The Lake gneiss can not easily be assigned. The 
Montalban certainly is not characteristic of the Laurentian, but all of 
the preceding are regarded as underlying the Huronian. It is thus 
concluded to place the Porphyritic, Bethlehem, and Lake gneisses with 
the Laurentian, leaving the position of the Huronian and Montalban to 
be settled by other considerations. 

The Huronian is divided into two divisions, the upper chloritic, and 
the lower quartzose and feldspathic. The greenstones seem to be 
closely allied to the upper Huronian and the porphyries to the lower 
division, and to this may belong the supposed eruptive porphyries of 
the White mountains. The Merrimack, Rockingham, and Kearsarge 
mica-schists are somewhat related to the Huronian, as well as to the 
Cambrian. They are all referred doubtfully to the Paleozoic system. 
The doubtful Paleozoic is placed at 11,600 feet thick;· the Upper Huro
nian, 12,129 feet; Lower Huronian, not estimated; Montalban, 13,700; 
Laurentian, 34,900. The Labrador system if present in New Hamp
shire is in very limited amount. Certain of the labradorites are surely 
injected dikes, and hence it is doubtful whether the Waterville area 
really represents the Labrador system of Caw·tda. 

H.A WES,14 in 1878, regards the diabases, diorites, gabbros, felsites, 
granites, and syenites of New Hampshire as eruptive rocks. Some of 
them may have been produced by the fusion of sediments, but however 
this may be, they have all been in a molten condition and been free to 
crystallize. There are beds of granite which are unconformable with 
the associated stratified rocks; there are granites filling well defined 
dikes; there arc granites which so far as can be seen are entirely de
void of structural relations; there are granites which are mixed with 
other rocks, or which hold huge fragments of other rocks inclosed in 
their masses. .All these features are often repeated. .Among the crys
talline schists are placed gneiss, mica-schist, argillitic mica-schist, and 
quartz- schist. Tl1e gneisses, like the granites, are believed to be of 
eruptive origin, or at least to have acted like an eruptive rock, the 
lamination being an indtlced structure which may or may not cor
respond with original bedding in case they are completelv metamor-
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phosed ma,terial. The gneisses in their minerals, inclusions, and mi
croscopic characters are like geanites, and pressure may have been as 
effective in prodtleing lateral movements and forming foliation in a 
plastic mass as sedimentation. If the stratification of the gneiss is 
then regarded as an induced structure it would not follow that the 
8tratitieation should correspond with the original bedding, and even if 
the lamination does correspond with the plane of the strata, the lami
nation ca,n not be referred to stratification of sediments, for the cleavage 
of the adjacent rocks may also be due to pressure and be different from 
the plane of bedding. The greenstones, including metamorphic diorite, 
quartz-diorite, and amphibolite, are regarded as metamorphosed sedi
mentary rocks. These have marked lithological distinctions from the 
fresh basic rocks recognized as eruptives. The clay-slates anu quartz
schists are semicrystalline rocks. The slaty cleavage and beduing 
are sometimes discordant. 

ITA WES,15 in 1881, describes the Albany granite as penetrating and 
metamorphosing the schists, and as having a porphyritic structure near 
its contact with them, and it is therefore concluded to be intrusive. 
Hrrcucomc~ (OIIAS. H.)16 in 18DO, regards the oval granitoid areas 

occurring in the White mountains, about which occur foliated rocks 
with an anticlinal quaquaversal arrangement, as the oldest known or 
fundamental rocks of the region which are · remains of an ancient 
archipelago. 

WILLIAMS/6 in 1890, with the same facts before him gives an exactly 
opposite interpretation to Hitcllcock, that is, that the central granites 
are younger intrusive masses. 

LITERATURT~ OF VERMONT. 

ADAMS,17 in 1845, divides the older rocks of Vermont into Primary 
strata and Paleozoic rocks. The Primary system is highly crystal
line and destitute of fossils. It is divided into argillaceous slate, 
calc~reo-mica-slate, mica-slate, talcose slate, Green mountain gneiss, 
gneiss proper, which however uoes not represent the order of super
position as the strata are involved in great confusion. The marbles of 
the state are divided into three systems, Prima,ry, Taconic and New 
York. There are few Primary marbles in the state. The Taconic, 
marbles occur throughout the range of limestone from :Massachusetts to 
the north part of Madison county. The 'raconic system includes roof
ing slate, Taconic slate, Sparry limestone, magnesian slates, Stockbridge 
limestone, and granular quartz-rock. 

ADAlliS,111 in 1816, includes the Taconic and Primary systems of his 
previous reports under the general term Azoic stratified rocks, as 
simply expressing the fact of the absence of organic remains, for it is 
not to be assumed that the Azoic Taconic rocks are more ancient than 
the Paleozoic, and the same remarks may be said of the so-called Pri
mary rocks, not a . small portion of which may be as metamorphic and 
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recent as the Champlain rocks. In the Green mountains are quartz
rock, gneiss, talciferous limestone, quartz-gneiss and limestone which 
are supposed to be Taconic. Dikes of greenstone cut through all the 
divisions of the stratified rocks and are therefore more recent than any 
of them . 

.ADAMS, 19 in 184 7, gives additional details as to the rock occurrences 
in particular localities. 

TrroMPSON,Z0 in 1856, states that the Green mountains form the center 
of an anticlinal axis, the dips increasing both east and west from the 
principal summits. Slates, schists and quartzites are found which 
contain a few obscure fossils, and are referred to the Taconic system. 

IIrTcrrcocK (EDWARD),Z1 in 1861, di~cles the rocks in general into 
Stratified or .Aqueous and U nstrati:fied or Igneous. With the latter 
are placed granitic, trappe~n and volcanic rocks. The former are sub
divided into Fossiliferous and Unfossiliferous, or .Azoic. In this latter 
division are placed clay-slate, quartz-rock, mica-schist, talcose schist, 
and chlorite-schist, steatite or soapstone, serpentine, hornblende-schist, 
gneiss, and crystalline limestone. The important practical question 
with respect to the metamorphic rocks is, what was the original rock 
from which the metamorphosed deposit was derived' In not a few 
instances so complete has been the metamorphism that it can not be 
told whether the rock belongs to the oldest of the crystalline rocks or 
is earlier than the Silurian or 0 am brian. While the degree of meta
morphism gives no clue as to the age of the rocks, from other evidence it 
is probable that most of the highly metamorphosed rocks of Vermont 
are altered Devonian and Silurian. In the western part of the state, 
and especially. that part of New York that lies southwesterly, are found 
these fossiliferous rocks but little altered, and these form a starting 
point for the Green mountain rocks and those farther east. 

Metamorphism is made to apply to any transformation of any kind 
of rock into another. .At Newport, Rhode Island, East Wallingford 
and Plymouth, Vermont, are found schist-conglomerates in which the 
pebbles are elongated very much in the direction of their strike. They 
are flattened, btt t not so strikingly as elongated; they are indeu ted deeply 
into each other; they are somepimes a good deal bent; they are cut 
across by parallel joints and fissures. .At times the process ha8 gone 
so far as to merge the pebbles together, and as to scarcely present the 
appearance of ordinary pebbles. If the talcose conglomerate schist is 
looked at on the edge corresponding to the dip, nothing is seen but 
alternate folia of quartz and talc and mica, aud the rock would be pro
nounced a good example of a talcose-schist. But a fracture at right 
angles reveals the flattened pebbles, and shows that their edges are 
what have been regarded as folia. If the process of flattening was 
carried a little farther no evidence would remain that .they were ever 
pebbles. How extensively the process has been carried through, thus 
producing schists and gneisses from conglomerates i:p. the Green moun-
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tains, is unknown. No examples have been found of decided pebbles 
in a ·gneiss . 

.At Whately, Massachusetts, onAscutney, and at Barnet and Granby, 
Vermont, are conglomerates which have as a matrix granite and por
phyry. The granite sometimes passes into syenite. At .Ascutney the 
syenite abounds in black rounded masses which are for the most part 
crystalline hornblende and feldspar, and are probably transmuted peb
bles. At Granby the pebbles, manifestly rounded, are eitl\,er mica-schist 
or white almost hyaline quartz, just such as form the pebbles in the 
conglomerates at Wallingford and Plymouth, and the base is a fine
grained syenite, passing sometimes almost into mica-schist. A peb
ble of hornblende-schist is also sometimes seen. In bowlders of this con
glomerate found at Northampton, Massachusetts, and probably derived 
from Whately, the most abundant pebbles a.re those of the brown sand
stone, considerably metamorphosed and flattened. Those of horn
blende-schist are common. Sometimes they are merely crystalline horn
blende, not foliated generally, however, but mixed with some feldspar, 
and they may become syenite, and are frequently porphyritic by dis
tinct crystals of feldspar. The cement is syenite, often more horn
blendic than usual. When the pebbles are highly crystallized they 
become so incorporated with the matrix that it is difficult to separate 
them with a smooth surface, and if we are not mistaken they pass in
sensibly into those rounded nodules, chiefly hornblendic, so common in 
syenite, especially that of Ascutney. These occurrences are regarded 
as proof that the completely crystalline granular matrix is a metamor
phic rock. 

The pre-Potsdam rocks of Vermont are called Laurentian or Hypo zoic, 
although it does not follow that they are not equivalent with the fossil
iferous series elsewhere. It is only believed that if fossils once existed 
in them they have been obliterated. Of the Hypozoic rocks, Vermont 
contains, so far as known, only a small belt, which is the eastern edge 
of an immense development of the same in New York. These are re
ferred here because there seems to be a discordance in the stratification 
between these rocks and the I..~ower Silurian, to which they are adjacent. 
The oldest of the Paleozoic series lies directly upon the Hypo zoic at least 
at one point. As we approach the Green mountains, metamorphism 
has so nearly destroyed the fossils that the identification of the strata 
becomes extremely problematical, until at length the clue is lost entirely 
and the age of the formations can only be conjectured; hence they are 
distinguished mainly by lithological grounds and are grouped into a 
third class, Azoic rocks. Probably most of the Azoic rocks of Vermont 
will be found to be more recent than the Laurentian of Logan. The 
fossiliferous rocks are sometimes found under those that are more crys
talline and nonfossiliferom;, and these cases are thought to be the re~:mlt 
of inversions. Certain great thicknesses of sehists of uniform character 
are regardt>d as folded several times so as to be vertical, because other· 
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wise the thickness of the series would be enormous. The talcose con
glomerates, talcoid schists, Georgia group, etc., are referred to the 
Potsdam and later formations. The Georgia group and saud-rock may 
be possibly Primordial. The talcose conglomerate is placed as a con
tinuation of the Quebec group and Sillery sandstones of Canada. The 
Taconic system is regarded as having an extension into Vermont, and 
to it are referred the black Tacouian roofing slates, Sparry limestone, 
magnesian slate, Stockbridge limestone and granular quartz rock~ with 
associated talcose beds, the thickness of the whole being 25,200 feet. 

It is supposed that the chief action of metamorphism was in the 
Laurentian system and the cases of subse·quent thorough alteration ex
ceptional. The theory of the Laurentian age of the Azoic rocks of New 
England and that of the Cambrian age of the Taconic system stand or 
fall together. The Taconic system is regarded as older than the Lower 
Silurian and newer than the Laurentian, because it underlies the Silu
rian, because it is immensely thicker, and because the fossils which it 
contains are different from those of the Silurian. 

llrTCHCOCK, (CHAS. H.), 22 in 1861, gives a lithological treatment of 
the Azoic rocks of Vermont. They are divided into the following groups 
which are described in detail: Gneiss, hornblende-schist, mica-schist, 
clay-slate, quartz-rock, talcose schist, serpentine and steatite, and sac
charoid limestone. Cleavage has a widespread occurrence~ althougn it 
is believed that the strike and dip of lamination and stratification gen
erally correspond. The granite-gneiss approaches so near to granite 
that in hand specimens the two rocks can not be distinguished from 
each other. The granite of the two Ascutneys seems to have cut across 
the strata of the calciferous mica-schist quite a distance into the gneiss, 
although the granite is regarded as of metamorphic origin. Clay-slate 
often passes by insensible gradations into mica-schist, which is re
garded as a modified fragmental rock. Associated with the talcose 
schists and constituting an integral part of the formation are clay-slate, 
gneiss, quartz-rock, sandstones, and conglomerates. Igneous rocks, 
both trap and granite, are also associated with this formation. 

HrTCHCOCic, (Enw ARD ), 23 in 1861, considers in detail the relations of 
the granitic to the other rocks and considers the origin of the granite. 
This rock is found interstratified with slate, limestones and mica-schists 
in many localities. At the "Narrows," in the northern part of Coven
try, the number of alternations is very large, the thickness of the differ
ent layers of granite varying from 1 to 7 feet. 

The cgnglomeratic syenites of Whately, Massachusetts, and .Ascutney, 
Granby and Barnet, Vermont, which contain fragments, are described 
in detail. These may be described as conglomerates whose cement is 
syenite, or a syenite through which is sca~tered pebbles mechanically 
rounded. Generally the pebbles are more or less metamorphosed and 
sometinles almost converted into syenite subsequent to their introduc
tion. In their present state white quartz, mica-schist, hornblende-schist, 
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and hornblende l1ave been noticed. At Ascutney all traces of stratifi
cation in the conglomerate are lost and it passes first into an imperfect 
porphyry and then into a granite without hornblende in the same con
tinuous mass. Where the conglomerate is least altered it is made up 
almost entirely of quartz pebbles and. a larger amount of laminated 
grits awl shales, the fragments rounded somewhat, aud the cement in 
small quantity. The fragments are sometimes metamorphosed to mica
schist. The conviction can not be resisted that the granitic rocks of 
this mountain are nothing more than conglomerate melted down a~d 
crystallized. At Granby the bowlders are of all sizes, from a few hun
dred pounds to 50 to 60 tons. They cover many acres, are associated 
with those of contorted mica-slate, quartzose granite, and many other 
varieties common in the region. 

At several localities in Vermont, Craftsbury, Northfield, New Fane, 
Proctorsville, and Stanstead, just beyond the Canada line, is a remark
able variety of white, tine grained, highly feldspatbic granite which con
tains scattered through its face numerous spherical or elongated and 
somewhat flattened nodules of black mica from half an inch to 2 inches 
in diameter. They are usually more or less flattened and have a shriv
eled appearance like dried fruit. In some cases the concretions occupy 
more than half the mass. These concretions have sometimes been called 
petrified butternuts. The rock is regarded as produced by the meta
morphism of a stratified rock. 

Veins of granite are found to cut syenite, schist, gneiss, and limestone, 
in a most intricate manner at many localities. Sometimes there are 
several generations of granite veins. The foregoing facts lead to the 
conviction that the granite acts essentially like a liquid mass, but it is 
regarded as the product of aqueo-igneous fusion rather than dry fusion. 
Also it is believed that for the most part the granites have formed in 
sittl, their material being furnished by the se<limentary rocks, hence 
they are called metamorphic. As evidence that they are metamorphic 
is the fact tllat it is often difficult to tell where a gneiss ceases and a 
granite begins. It is sometimes found, where granite masses come in 
contact with i:ltratified rocks, that the latter have been more or less 
disturbed and broken, but only to a limited extent and often not at 
all. In nmny cases also the adjoining strata have suffered mechanical 
displacement, such as the forcible injection of melted matter would pro
duce. J.i'or a considerable distance around the granitic masses also, 
the strata are frequently indurated and metamorphosed as if by heat, a 
fhct that seems to decide tbe question of the emanation of much heat 
from gntnitic foei. The granites are more abundant in the crystalline 
than in the fossiliferous series, in fact it is uncertain whether any occur 
in rocks which bear fossils, although they are found in those which are 
regarded as the equivalent of the Devonian. The granite is most com
mon in gneiss and mica-schist, less so, especially in the form of veins, in 
clay-slates, and. least of all in talcose schist. In the stratified rocks 
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cleavage and foliation occur, while joints are found both in the stratified 
and unstratified rocks. 

THOMPSON,24 in 1861, describes the greenstone or trap dikes of parts 
of Vermont. These are found to cut all the other rocks at many locali
ties. Besides these there occur calcareous dikes, veins and dikes ot 
quartz, and metallic veins. 

HITCHCOCK, (CHARLES H.),25 in 1861, gives detailed descriptions of 
sections in Vermont. The relations of the .Ascutney syenite to the 
stratified rocks is again described. Upon examining the ledges im
mediately contiguous to the granite, most powerful marks of altera
tion by heat are found. Everywhere in approaching the syenite it is 
surrounded from a quarter to half a mile with indurated schists that 
ring like pot metal when touched with a hammer, and the lime-rock 
that is usually arranged in separate strata, seems to have become a 
constituent part of each stratum, the whole rock resembling the com
pact vitrified quartz west of the Green mountains. Often crystals of 
staurotide, and perhaps scapolite, are formed in the schist by the heat. 
ill the west part of the larger mountain there are enormous veins 
crawling round in all conceivable directions in former crevices among 
the schists. This syenite is full of nodules of horn blendic ma.sses, 
which look in some cases much like pebbles. They are probably con
cretionary, and are all allied to the concretions of black mica in granite 
at Craftsbury and elsewhere. 

HALL (S. R.),Z6 in 1861, gives many details as to the geology of northern 
Vermont. The granites are here particularly abundant. The occur
rences are such as to lead to the conclusion that they are eruptive and 
that in their eruptions the fragments which are there contained have 
been caught from the strata cut. .As evidence that the granite has 
been thrown up since the mica-schists were formed are cited the facts 
that the slates on the borders of the granite furnish unmistakable signs 
of contortion, and in some instances of change both in the direction of 
the strata and clip. In more than one instance, granite is found over
lying the calcareous mica-slates, and in one instance, at Derby, en
crinite limestone occurs below granite. In many places jointed granite 
is found between the strata of slates, conformable to them, and in other 
instances, in dike form, crossing the strata at a large angle. Frag
ments of the older slates are, in many places, found imbedded in masses 
of granite, and retain the characteristics of the slates; without any 
essential change. Nodular granite, containing masses imbedded like 
plums in a pudding, run from Memphremagog lake through Derby, 
Brownington, Irasburg, Craftsbury, and Oalais. 

HITCHCOCK (CHARLES H.),27 in 186~, gives the following succession 
for the rocks of Vermont: Unstratified rocks, including granites, sye
nite, protogine, with the traps and porphyries; Eozoic system, includ
ing Laurentian gneiss of West Haven and the Green mountain gneiss; 
Paleozoic system, in which are placed the Georgia slates, the talcose 
conglomerate and schists, the mica-schists and other formations. 

-d 
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ll UNT, 28 in 1868, states that there is no evidence of the existence in 
Vermont of any strata, except a small spur of Laurentian, lower than 
the Pott:;dam formation. The so-called middle and lower Taconic is in 
part Potsdam and in part Utica, Hudson river, and Quebec. 

McOORl\HCK/9 in 1887, describes the inclusions in the granite of 
Craftsbury. The inelusions are spheroidal or elongated nodules of bio
tite 1i to 2 inches in diameter, a1~d sometimes 4 inches long, cemented 
with quartz, which by Hitchcock were compared to butternuts. The 
line of contact between the inclusion and the rock is usually rather dis
tinct, it being possible to extract the former, leaving a lining of biotite. 
It is concluded that these nodules indicate the igneous origin of the 
granite because not capable of being formed from aqueous solution or 
by metamorp hie action. 

LITERATURE OF MASSACIIUSET'IS. 

HITCHCOCK (Enw ARD ), 30 in 1818, divides the Primitive rocks of a sec
tion of Massachusetts on the Connecticut river into syenite, granite, 
argillite, alternating with mica-slate, siliceous slate, and chlorite-slate. 

DEWEY,31 in1818, stateR that the country of the Taconic range and 
Saddle mountain is principally Primitive. Granite is found on both 
sides of Hoosac and Pownal mountains. Gneiss and mica-slate are 
found on the Hoosac and Saddle mountains. The Taconic range is com
posed principally of a talcose or soapstone slate, but quartz, granular 
limestone, and argillaceous slate are found. Quartz occurs on Stone 
hill, above wllich is argillaceous slate. Granular limestone occurs on 
both sides of the Hoosac. Argillaceous slate occurs in the valleys con
nected with the limestone. 

DEWEY,32 in 1820, finds the section from the Taconic range at Wil
liamstown to the city of Troy to consist of chlorite-slate, graywacke, 

. and argillaceous slate, this being the order of succession. The strata 
all incline to the east from 10° to 40°, the general inclination being 200 
or 25°. 

HI'l'CHCOCK (Enw ARD), 33 in 1823, describes granite as occurring at 
many localities in the region contiguous to the Connecticut river. It 
sometimes shows a tendency to stratification, which at Southampton is 
in beds in the mica-slates, at Be1lows falls grades into mica-slate, and 
frequently veins of it cut the strata. These veins divide and subdivide 
like the top of a tree. In this region are also found gneisses, hornblende
slate, mica-slate, talcose slate, chlorite-slate, syenite, primitive green
stone, argillite, and limestone, all of which are referred to the Primitive. 
The gneiss is the most abundant rock, and often alternates with mica
slate and passes into it. The dips of the layers are from 20° to 900 to 
the east. At Hatfield, by following up the syenitic ridge, a rock is 
found which conhtins numerous imbedded masses of other primitive 
rocks, and these imbedded fragments are almost uniformly rounded and 
are often so numerous as to make the rock appear like a real secondary 
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conglomerate. Thus we have a really conglomeratic syenite. The primi
tive greenstones are distinguished from the secondary because the lat
ter are more coarse and crystalline. 

DEWEY ,34 in 1824, in a sketch of the geology of western Massachu
setts, divides the principal rocks into granite, gneiss, mica-slate, granu
lar limestone, argillaceous slate, quartz-rock, transition limestone, and 
graywacke, mica-slate being the more abundant rock. The granite is 
not stratified, and must be considered as beds or veins rather than a 
continuous rock like the mica-slate. In the town of Windsor is a con
glomeratic mica-slate. 

NASH, 35 in 1827, finds the rocks of Hampshire county to include gran
ite, mica-slate, micaceous limestone, hornblende-rock, talcose slate, Old 
Red sandstone, etc. The limestone often alternates with mica-s] ate, and 
frequently passes into it by insensible gradations. It is oftentimes gar
netiferous. The granite veins are of all sizes up to 3 or 4 feet, cut the 
rocks in every possible direction, and intrude granite as well as the 
mica-slate. 

HITCHCOCK (Enw ARD ), 36 in 1833, divides the rocks of Massachusetts 
into stratified and unstratified. Below the New Red sandstone in the 
former are graywacke, argillaceous slate, limestone, scapolite-rock, 
quartz-rock, mica-slate, talcose slate, serpentine, hornblende-slate, and 
gneiss. The unstratified are greenstone, porphyry, syenite, and trap, 
each of which is discussed. Among the agents which have consolidated 
the rocks heat is the predominant one, although chemical action has 
played an important part. The mica-slates have been mechanically 
deposited in water, and subsequently subjected to such a degree of 
heat as to enable their materials to enter into a crystalline arrangement 
without destroying their structure. The granite is supposed to have 
resulted .fi:om the melting down of other rocks. Where it is completely 
melted, granite results; where partially fused, granite-gneiss is found; 
while another portion might be converted into porphyritic gneiss and 
another into schistose rock. This theory explains the gradation of 

. gneiss into granite and the crystalline and porphyritic structure of the 
gneiss. The unstratified rocks are all igneous. They occur in irregu
lar protruding masses in the forms of veins of various sizes and as 
overlying- masses. In cases in which they exist interstratified with 
other rocks, an examination shows that such interlaminated masses 
a-re always connected with an unstratified ·mass, and are merely veins 
which for a time coincide in direction with the strata. The syenite 
quarries of Sandy bay, cape Ann, have a parallel lamination, but as 
these grade into an unstratified syenite they are considered as examples 
of concretionary structure on a large scale rather than as a result of 
real stratification. 

HITCHCOCK (Enw ARD ), 37 in 1841, in a systematic account of the 
Geology of Massachusetts, divides the rocks below the New Red sand
stone into the following classes: Graywacke, metamorphic slates, argil-
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laceous slate, limestone, quartz-rock, mica-slate, talcose slate, serpen
tine, hornblende-slate, gneiss, greenstone, porphyry, syenite, and granite. 
From the graywacke to the gneiss, this is the order of occurrence. 
The greenstone, porpllyry, syenite, and granite are regarded as erup
tive. At Bellingllam is a remarkable metamorpllic rock, which is a 
distinct mica-slate and a no less distinct conglomerate. In this for
mation is also placed aggregates of porphyry, which is a coarse 
breccia or conglomerate, chiefly made up of fragments of porphyry 
reunited by a cement of the same material, and sometimes almost 
reconverted into a compact porphyry. Flinty slate, chert, and jasper 
are simply the ordinary slate which have been changed to illeir unusual 
condition by tlle proximity of granite, porphyry, or trap. The clay
slate is entirely destitute of organic remains, as is also the graywacke. 
The limestones are water-deposited stratified rocks metamorphosed 
by beat. The mica-slate is generally associated with gneiss, but also 
occurs associated with all other rocks at least as high as the argillaceous 
slate. Hornblende-schist and greenstone-slate, a single formation, are 
tentatively regarded as metamorphosed from ordinary argillaceous rock 
by the action of heat. Gneiss is often much folded and curved, is cut 
by veins of other rocks, but is regarded as generally regularly stratified. 

At Whately occurs a peculiar conglomeratic syenite. The syenite is 
generally found between the granite and metamorphic rocks and may 
be due to the conversion of the granite into syenite or else to the erup. 
tion of the syenite at a different epoch. The pseudo-stratification of 
granite is regarded as due to concretionary action on a gigantic scale. 
The granite cuts and is interstratified with all the stratified rocks and 
certain of the other eruptives in the most intricate fashion. 

In Massachusetts are six systems which are unconformable and suc
ceed each other in age. These are as follows: The Oldest Meridional 
system, the Northeast and Southwest system, the East and West sys
tem, Hoosac mountain system, the Red Sandstone system, the North
west and Soutl1east system. In western Massachusetts, from Hoosac 
mountain to the Taconic range, a powerful force has folded the strata 
so that in many cases they" have actually been reversed. 

LYELL,38 in 1844, describes the plumbago and anthracite in the 
mica-schist near '.Vorcester. This is in the immediate neighborhood of 
masses of granite and syenite, the character of the plumbago and 
anthracite being due to this local metamorphosing effect and to more 
general chemical or plutonic action. The difference in dip of these rocks 
from the nearest Carboniferous of Rhode Island and Massachusetts 
is no evidence that they are not equivalent and the graphite meta
morphosed organic materia.!. 

ROGERS,39 in 1857, describes Trilobites belonging to the Paradoxides 
as occuring in the metamorphic beds of eastern Massachusetts at Brain
tree, which shows that these ancient and highly altered sediments are 
the base of the Paleozoic column. 
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HITCHCOCK, (C. H.),40 in 1859, describes the rocks from Greenfield to 
Claremont, Massachusetts, as having the following order: Micaceous 
slates and schists interstratified with siliceous limestone, mica-slate, 
hornblende-slate, mica-slate interstratified with limestone, and, lastly, 
calcareo-m.ica-slate. The dips as far as the West Shelburne falls gneiss 
are to the east; at this latter point it is to the west. The whole is re
garded as an anticline. 

GREGORY,41 in 1862, describes Marblehead as consisting mainly of 
the Primitive formation. The northern part of the peninsula is green
stone, intersected by dikes of the same rock. In the southern section 
syenite contends with the greenstone for supremacy, for here the two 
rocks are thoroughly intermingled. The deposits of greenstone, syenite, 
and porphyry are for the most part distinct, although occasionally the 
greenstone grades into the syenite. 

JACKSON, 42 in 1866, gives the following section at the base of South 
mountain, at Chester, Massachusetts, from the base upward: Horn
blende rock, magnetic iron ore, emery bed, granular quartzite, chlorite
slate and talc-slate, crystallized talc, talcose slate rock, soapstone or 
talcose rock, mica-slate. At North mountain, separated from South 
mountain by a branch of the Westville river, the section is as follows: 
hornblende rock, magnetic iron ore, emery 7 feet, hornblende rock, 
chlorite-slate, magnetic iron ore 6 feet, talcose slate, magnetic iron ore 
6 feet, mica-slate. 

SHALER, 43 in1871, in a consideration of the rocks in the vicinity of 
Boston, states that there can be no doubt that the syenites of eastern 
Massachusetts are the oldest rocks found in the region. The quarries 
at Quincy show planes of separation in the syenite which can be only 
referred to stratification, despite the opinion generally entertained that 
the rocks are of igneous origin. This is evidenced by the fact that in the 
deeper portions of the syenite the bedding is imperfect and gradually 
passes toward the exterior of the rock into a more laminated phase. 
The first rocks ofunquestionably sedimentary origin lie north of Quincy 
and consist of bedded sandstones approaching quartzite. This series 
is fossiliferous. The alteration of the bedded quartzite at Hayward 
landing is so great that the rock has assumed something of the appear
ance of a gneiss. In addition to these rocks, in the vicinity of Boston 
are the Roxbury conglomerate and the Cambridge slates. In the lat
ter are found evidences of organic life in the presence of numerous in
distinct impressions of fucoids. It is believed that the Cambridge 
slates and the H.oxbury conglomerate belong to the same great series 
of beds. As there is a coincidence in the direction of dip it is thought 
they all may eventually be found to be a part of the same series o~ beds 
as the Braintree. The slates have a perfect cleavage in the plane of 
stratification in some places. Over both the slates and conglomerates 
are outflows of amygdaloid. 

J.A.CKSON,44 in 1871, states that there is an insensible passage from 
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t.hesyen te into the greenstone porphyry. The obscurely stratified rocks 
on the border of the great syenite mass at Quincy prove the igneous 
influence of the eruptive syenite upon the upturned strata which it had 
elevated by its protrusion. 

D.A.NA,45 in 1872, maintains from the descriptions of full sections that 
at Great Barrington is a conformable succession of quartzites, lime
stones, mica-~chists and gneisses. The layers of quartzite are found 
along the strike to change to mica-schist and gneiss. This series, many 
of them later in age than the Stock bridge limestone, is similar to the 
Green mountain series, which has been regarded on lithological evidence 
to be pre-Silurian. The Stockbridge limestone, on fossiliferous evidence, 
is found to be either Silurian or younger. It appears that lithological 
evidence is a very uncertain test as to geological age, as crystalline 
rocks are found later than the Stockbridge limestone; as quartzite 
changes into mica-slate, schist or gneiss, these into hydromica-slates, 
and these into chloritic mica-slate. 

HUNT,46 in 1872, states that the rocks seen in the vicinity of Boston 
consist of three classes, crystalline stratified rocks, eruptive granites, 
and unaltered slates, sandstones, and cong-lomerates. The crystalline 
stratified rocks include the felsite-porphyries, nonporphyritic and jas
per-like varieties, and porphyritic syenite; while the second division in
cludes dioritic and chloritic rocks, sometimes schistose, and frequently 
amygdaloidal. These rocks are penetrated by intrusive granites, gen
erally more or less hornblendic, the syenites of Hitchcock, and others. 
At several places the phenomena of disruption and inclosure of broken 
fragments of rock in the granite are well seen, the lines of contact be
ing always sharp and well defined. The third class, consisting of the 
unaltered argillites of Braintree, containing the Primordial fauna, were 
found to rest directly upon the hard porphyritic felsite of the ancient 
series, the line of demarcation being very distinct. At other places 
reddish granulites directly underlie the black argillites, and in several 
places quartzites with conglomerates are observed in contact with the 
old dioritic and epidotic rocks. The Roxbury conglomerate contains 
pebbles of the felsite-porphyries, diorites, and intrusive granites of the 
older series, besides fragments of argillaceous slate. 

BuRB.A.NK,47 in 1872, states that the bands of C].'ystalline limestone 
that occur in the granitic gneiss which extends in a southwesterly di
rection from near the mouth of the l\ferrimac river, supposed to contain 
Eozoon, are not true stratified rocks, but are subsequent deposits of ·a 
vein-like character. As evidence of this are cited the facts that the 
principal deposits occur along the line of an anticline, filling cavities 
produced by the folding and falling down of portions of the included 
strata of the gneiss. The deposits are all of very limited extent, the 
largest appearing at the surface not more than 220 feet in length, the 
widest part being about 60 feet. The aggregate length of all the lime
atone deposits occurring in a line some 25 miles in length is probably 
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less than 1,000 feet. The principal masses are coarsely crystalline 
magnesian limestones, homogeneous in texture, and showing no traces 
of stratification. The various silicates occur attached to or near the 
inclosing walls of the cavities. 

DoDGE/8 in 1875, divides the rocks of eastern Massachusetts into 
two groups, the crystallines and the more clearly stratified rocks 
among them. In the crystallines are placed the syenite and greenstone. 
These rocks have a dip to the west or northwest, and they uncon
formably underlie strata holding Paradoxides. For the most part 
mctamorpbism has been so complete that the rocks have entirely lost 
their original character. While eruptive rocks have often an appear
ance of schistose structure, in metamorphic syenites and diorites, on 
the other band the original stratification is often completely lost. 
Throughout the crystalline area there are immense masses of horn
blende rock, diabase, and diorite, usually crypto-crystalline, in which 
no indication of sedimentary origin can be traced. The syenites con
sist of quartz, feldspar, with little or no hornblende. The porphyry 
probably belongs with the crystalline group, and pebbles of it are 
abundant in the Brighton conglomerates. Perbaps some of the slates 
are so altered in this region as to resemble real porphyry. 

Among the second division are siliceous slates and breccias. The 
siliceous slates are often much contorted. At _Ai:lington they pass 
through :fine grits and coarse syenites by various stages. The crystal
lines oceupy distinct bands, separated by more recent rocks collected 
in the area between them. These more recent rocks are shown to be 
such by their position in relation to tbe underlying crystallines, as well 
as by the fact that they are composed of detritus of the latter. In 
places they are fm.;siliferous, and at Braintree contain the Paradoxides 
fauna. These stratified rocks are in part slates and in l)art conglom
erates, the former appearing to occupy the inferior position. The con
glomerates are well developed in the vicinity of Newport and Newberry. 
Cutting the slates and conglomerates are rocks which have been called 
cruptives, but so close is the resemblance in chemical and mineral com
position and in appearance to the more fusible po~tions of the crys
tallines that it seems almost unreasonable to doubt that the former 
were derived from many deep lying masses of the latter. 

CRosnY,49 in 187G, describes and maps the Eozoic rocks of Massachu
setts. TLey are divided into Norian, Hlu·onian, and 1\tlontalban on 
lithological and ehronological grounds. The lithological characters of 
the divisions are as mtlike as the fauna of any two successive geolog
ical formations. The. Norian is found in two areas in M assachusrtts; 
that including the city of Salem and adjacent xegion, and that which 
includes the ~eaward end of large Nabant. The Noria11 rocks, com
posed chiefly of fe1dRpar, hontblcnde, and pyroxene, arc sometimes 
stratified an<l in other places mal':lsive. The Huronian rocks occur 
over a wide area, having an extreme length of 65 miles and an extreme 
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breadth of about 40 miles. The Huronian comprises areas marked on 
the geological map of llitchcock as syenite, porphyry, and hornblende
slate. The rocks here included are treatcd.tlnder hornblendic granite, 
felsite, diorite, stratified rocks, and limestones, all ofwhich are regarded 
as metamorphosed sedimentary beds. The Montalban includes granite, 
which comprises exotic, indigenous and endogenous forms, gneiss, mica
slate, argillite, and limestone. Most of the slates in the vicinity of 
Boston are regarded as of Primordial age, although fossils hav6· only 
been found at Braintree. The argillite of Kents island and the meta
morphic slate of Newport are also regarded as Paleozoic. 

BuRBANIC,50 in 1876, lithologically divides the formations of the 
Nashua valley into (1) argillite; (2) mica-slate and quartzite; (3) 
granite and granitoid gneiss. With the argillite and mica-slate are 
small beds of conglomerate, and inclosed in the gneiss are nodular 
masses of crystalline magnesian limestone. In the slates at Harvard 
and Bolton occurs conglomerate in which the pebbles in many cases 
are flattened, bent, and even drawn out into layers, giving an agate
like structure to the rock. The principal conglomerate beds lie between 
hills of granite on the west and north and mica slate and gneiss on the 
south, yet not a pebble of granite or gneiss has been discovered. As 
to the age of the Nashua rocks no positive opinion is offered, but tbe 
author is inclined to regard them as belonging to a distinct system 
older than the W achusett gneiss. The mica-slate appears to be inter
stratified with and overlie the gneiss, and the argillite beds appear to 
be for the most part conformable with the mica-slate. 

D.AN.A/1 in 1877, maintains that the garnetiferous mica-slate, stauro
litic slate, mica-schist, gneiss, and quartzite of Bernardston are Helder
berg, on the ground that in these rocks are found fossils indicating this. 

W A.DSWOR'l'H,52 in 1879, describes the felsites of Marblehead neck as 
altered rhyolites, which show characteristic fluidal structure. These 
fclsites are not stratified, and are younger than the granite on the neck, 
as dikes of felsite are seen cutting it. There is no passage of the con
glomerate into the felsite in this locality. 

CROSBY, 53 in 1880, divides the Azoic formations of eastern Massa
chusetts into Naugus head, Huronian, and Montalban, these "terms 
being used on account of a lithological and stratigraphical resemblance 
which they bear to the Azoic divisions of other regions. The Naugus 
head is provisionally regarded as equivalent to llunt's Norian (although 
it contains uo labradorite), as older than the Huronian, and the lluro
nian older than the Montalban. The entire Naugus head formation 
seems to have been plastic, and the extravasation has been so exten
sive that the character of the rocks changes at nearly every rod to varie
ties regarded as composed of metamorphosed stratified rocks. The 
Naugnsheadsericshas been extensively extravasated through the super
jacent Huronian formation, but is penetrated by nothing foreign to itself, 
the Huronian granite being never found to cut theN augus head series, 
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from which the conclusion is formed that the Nangus head is older than 
the Huronian. In fact, the Huronian granite pierces every rock in the 
region save the N aug us head series and the newer uncrystallines, so 
that it can not be doubted that it overlies this ancient terrane. The 
latter must be regarded as the lowest, and hence the oldest member of 
the succession. 

The Huronian is principally composed of granite, petrosilex, diorite, 
hornblendic gneiss, and limestone, this being the order of age from the 
base upward. The petrosilex is the most characteristic rock. In the 
Huronian distinctly bedded rocks are the exception. Although many 
apparently structureless rocks are probably really stratified, it is un
doubtedly true that a large part, perhaps the greater part, of the forma
tion has been more or less fluid, and extravasation may be set down :."Ls 
a characteristic structural feature. Besides cutting various rocks, in 
the granite at many points at the contact with the mica-sla,tes are 
found angular fragments of the latter. The induration of the slate and 
conglomerate at points where they adjoin the granite, with the frequent 
development of amygdaloid characters, are facts which tell strongly in 
favor of the igneous character of the granite. The petrosilex is fre
quently cut by the granite, but t.he reverse is never the case. There is 
an apparent transition between the granite and the petrosilex or por
phyry. The two are regarded as conformable, both having been meta
morphosed from the same set of socliments, the more crystalline charac
ter of the granite being due to its greater depth. With the diorite is 
included all the basic rocks which have been fluid. These blend with 
and grade into the stratified hornblende-gneisses. 

The Montalban series in the area covered is the most important oi 
the three systems. It comprises the ascending conformable succession, 
granite, gneiss, mica-slate, argillite, and limestone, although subordi
nate breaks of no great importance occur. The granite acts as an 
exotic to a large degree, although it is believed to belong with and 
come from the endogenous metamorphic gr~nite at the base of the 
series. The exotic granite has sometimes cut rocks as new as the Car
boniferous. Granite grades into gneiss, the gneiss into mica-slate, and 
the mica-slate into argillite, in which are found the conglomerate 
bands. In these conglomerates iu many cases the pebbles have been 
flattened, bent, and even drawn out into lenticular layers, developing 
a schistose structure. One of the best localities is that at Bellingham. 

The Shawmut group is a fragmental series resting unconformably 
upon the Huronian terranes. The chief constituents of the Shawmut 
group are breccia and amygclaloicls, the relations of which are some
what uncertain. The petrosilex breccia of the Shawmut group are 
oftentimes very like the petrosilex of the Huronian. This group is per
haps equivalent to the copper-bearing rocks of lake Superior which 
they resemble lithologically. The Paleozoic formations form different 
troughs which rest unconformably upon the older series. 
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DILLER,54 in 1881, describes the felsites and their associated rocks 
north of Boston. The granite is found to contain fragments of dis
tinctly stratified rocks, and is regarde<:l- as an eruptive rock. The fel
sites are found to have all the microscopical characteristics of eruptive 
rocks; to cut both the stratified rocks and the granites; to show no 
transitions into the clastic rocks, and are regarded as eruptives. The 
diorites contain distinct fragments of the granites and felsites, cut 
across the bedding of the stratified quartzites and schists, and are erup
tives of later age tha!l the granite and felsite. The framgental rocks 
are in part older and in part younger than the felsites, as a portion of 
them is cut by the felsites while certain conglomerates contain frag
ments derived from the felsites. 

WADSWORTH, 55 in 1882, states that the Quincy granite is eruptive, 
as is shown by the fact that its junction with the slate is irregular. 
Along the contact the latter rock is greatly indurated and changed in 
color, and the granite has lost its distinctive characters, being trans
formed into a spherlllitic quartz-porphyry. 

W ADSWOR1_'II/6 in 1882, describes as a trachyte at Marblehead neck 
and having all the characteriRtics of this eruptive rock, a rock which 
Crosby has described as a sandstone or arenaceous Rlate. 

W .A.DSWOR1'II, 57 in 1884, describes the relations of the argillite and 
conglomerate of the Boston basin. At the junction of the two the 
argillite is found to be irregularly eroded and the conglomerate laid 
down unconformably over it; in places the argillite is cut off' and the 
conglomerate abuts unconformably against it, and pebbles of the argil
lite are found in the conglomerate at the junction. There are at least 
two distinct argillites. One, underlying the conglomerate at Beacon 
street, resembles that of the Paradoxides argillite at Braintree; the 
other, of a coarser grain, oftentimes a true sandstone as far as its rela
tions have been ascertained, is a l;Omponent part of the Roxbury con
glomerate. So far as any evidence is at hand, the oldest surface rocks 
in the basin are the argillites and schists. Of these the age of only a 
small area at Braintree carrying Paradoxides is known. Through the 
schists and argillites have been protruded immense quantities of erup
tive rocks in the forms of lava flows, ashes, dikes, and bosses. 

PERRY, 58 in 1885, states that the mica-schist at Worcester contains a 
coal seam, and bears fossils of Carboniferous age. The mica-schist is 
cut by granite. 

JuLIEN/9 in 1887, describes the succession of rocks in the Great Bar
rington, from the base upward, as consisting of Stockbridge limestone, 
schist or gneiss, quartzite, and dolomite. The proof that the dolomite 
occupies a distinct bed at a higher horizon from the main sheet is clear. 

EMERSON,60 in 1887, describes the succession of crystalline rocks in 
Hampshire county, in order of their age from the base up, as gneiss, 
feldspathic mica-schist, hornblende-schist, hydromica-schist, and calcif. 

Bull. 86-24 
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erons mica-schist. Granite and syenite are placed as eruptive rocks of 
the older series. 

CROSBY,61 in 1888, maintains that there are no Carboniferous beds in 
~he Boston basin; that it contains essentially one formation of conglom
erate and one formation of slate; that these sediments include the 
Paradoxides bed at Braintree, are conformable, and therefore are Pri
mordial or at least of Cambrian age; that the conglomerate underlies 
tho siate. The pebbles of the conglomerates are made up of crystalline 
rocks of the regions adjacent. The contacts of the conglomerate and 
felsite are always well defined, and fragments oi the latter are always 
contained abundantly in the former. The same relations hold between 
the granites and conglomerates. The conglomerates and slates have 
often a well developed eleavage, which frequently cuts across the bed
ding, although in places where the folding bas been intense the two 
correspond. The discordance is shown by bands of the conglomerate 
cutting across the cleavage. 

SHALER,62 in 1889, describes cape Ann as consisting mainly of gran
ite, which is cut by very numerous dikes of diabase and quite abun
dant ones of quartz-porphyry. Squam river is an area of diorite. The 
relative age of the granite and diorite has not been determined. 

EMERSON, 63 in 1890, describes the Bernardston series of rocks. The 
succession is here found to consist of fourteen members. From above 
downward the upper seven consist of alternations of mica-schist and 
hornblende-schist, after which follow quartzite, hornblende-schist and . 
magnetite, limestone, hornblende-schist, quartzite-conglomerate, argil
lite, and calciferous mica-schist. The whole series is very crystalline, 
some parts so thoroughly so as to have been compared by Hitchcock 
with the Bethlehem gneiss, his basement Laurentian. In the limestones 
fossils are found of such a character as to prove that the whole series 
·is Upper Devonian. 

El\rnRSON,64 in 1890, describes the rocks of central Massachusetts, 
between the Berkshire limestone and the Boston basin, as consisting of 
a series of mica-schists, quartz-schists, and hornblende-schists, pre
sumably Paleozoic, and eight bands of granite and granitoid gneiss, 
in small part Archean, in larger part Cambrian, and in largest part 
intrusive. In the western part is a small row of Archean ovals, about 
which are the Cambrian conglomerates and conglomerate-gneisses, the 
latter rocks having a quaquaversal arrangement. Here are included 
the Princeton and Athol granites, often well foliated, which have a great 
extent north and south. To the great intrusive masses of .granite is 
applied Suess's name batholites. These have melted their way through 
a great thickness of folded strata and absorbed much of the latter in 
their own mass. At times the central masses of granite are cut by 
dikes of coarse muscovite-granite which seem to be later intrusions. 
About the batholites are broad areas in which contact metamorphism 
has altered the rocks, changing the argillites to mica-schists, et.c. The 
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contact metamorphism has a zonal character. The Barre and· Orange 
bands of biotite-granite so combine the peculiarities of the Cambrian 
conglomerate-gneisses and the batholitic gneisses that no opinion is 
expressed as to their origin. 

PUl\fPELLY,65 in 1891, describes Cambrian quartzite as resting un. 
conformably upon granitoid gneiss at Clarksburg mountain. In the 
granitoid gneiss is found a dike which has been decayed and washed 
out before the quartzite was deposited, leaving a fissuTe which cam;ed 
the beds of quartzite to thicken and sag, and which contain at the bot
tom material derived fr·om the dike. On Hoosac mountain there i~ 
a core of granitoid gneiss, upon which rests unconformably at the axis 
coarse basal conglomerate with a sharp contact. In other places there 
is an apparent gradation between the metamorphosed conglomerate 
and the granitoid gneiss. This Cambrian quartzite-conglomerate is 
found to vary laterally in the legs of the fold into completely crystal
line white gneiss. The Cambrian formation, containing Olenellus 
fauna, mantles around the pre-Cambrian granitoid gneiss, and the 
whole mountain is an overturned fold. 

PuMPELL Y, 66 in 1889, gives a systematic general account of the Green 
mountains in 1\fas:::;achusetts. These include three principal elements, 
Hoosac mountain, the Taconic range, and the great valley between 
these. The mountain rocks are composed of crystalline schists, which 
are found to be of Cambrian and Lower Silurian age, :resting on pre
Cambrian rocks. The valley has a floor of crystalline limestone or sac
charoiclal marble, on which are ridges of schists, both being of Lower 
Silurian age. The Taconic range is a synclina 1 in the Lower Silurian 
schists, the limestone foundation appearing only at its base. A.t 
Hoosac mountain the succession is (1) granitoid gneiss; (2) quartzite
conglomerate and white gneiss; (3) Hoosac phyllite, and (4) Rowe schist. 
On Greylock the succession is (1) Stockbriclge limestone; (2) Berksllire 
phyllite; (3) Bellowspipe limestone, and ('!) Greylock phyllite. At 
Hoosac mountain the quartzite-conglomerate and white gneiss appear 

· to grade down into the granitoid gneiss in perfect conformity. At 
Stamford a basic dike was discovered which cuts the granitoid g-neiss, 
but stops abruptly at the quartzite. Indeed, the quartzite sa.gs down 
at this place, its layers thickening and filling the hollow. These rela
tions are considered definite proof of an unconformity between the 
granitoid gneiss and tile quartzite. The general transition between the 
two is explained by considering the granitoid gneiss as disintegrated 
at the time of the transgression which formed the quartzite. 'fhe 
quartzite-conglomerate and white gneiss are traced into each other lat
erally, and are therefore but different forms of a sediment of the same age, 
and unequally metamorphosed. Across the valley the Hoosac phyllite 
was traced by gradual transitions into the limestone; and the Stoek
bri.dge limestone, Berkshire phyllitk, Bellowspipe limestone and Grey
lock phyllite are all correlated with the Hoosac phyllite. In the quar1z-
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ite is found the Olenellus fauna, hence the only pre-Cambrian rock is 
the granitoid gneiss. In structure Greylock is a complex synclinal, 
while Hoosac mountain is an anticlinal overturned toward the west. 
At the ends of the Hoosac ridge the anticlinal bends nearly to an east 
and west direction. This is explained by_regarding the granite-gneiss 
as a rigid mass which resisted the lateral thrust, and the abnormal 
overfoldings as the result of compensatory movements. 

WoLFF,67 in 1889, gives a systematic account of the geology of Hoosac 
mountain. The rocks of the region are thoroughly crystalline, but 
little trace remains of their original elements, whether of detrital or 
of eruptive origin; but the bedding corresponding to their original 
planes of deposit is well marked, and under proper conditions the order 
of succession can -be determined. The basement rock is a coarse 
granitoid banded gneiss, which forms the base of the Hoosac mountain 
proper. Crushing and development of new minerals makes it perhaps 
impossible to say certainly what is the origin of this rock. It could 
perfectly well be an eruptive granite modified by metamorphism, 
while on the other hand its :field relations show its close association 
with and frequent transition into coarse gneisses which seem to form 
a part of the detrital series. 

Overlying the granitoid gneiss is a series of rocks called the Ver
mont formation. At one place, where perhaps folded, it is 600 or 700 
feet thick. This formation contains numerous gradations between coarse 
gneisses similar to the basement gneiss; finer grained banded gneisses; 
gneisses with but a small amount of mica; metamorphic gneiss-con
glomerate; ordinary quartzite-conglomerate and quartzites. These 
phases pass into each other along tbe strike. In the metamorphic con
glomerate it is difficult or impossible to separate the old quartz and 
feldspar from that formed in situ. The rock !s consh.lered metamorphic 
because of the shape and distribution of the pebbles in alternations of 
coarse and fine materials, because of the diverse nature of the pebbles, 
including blue quartz, white quartz, granulite rock, and granite, and be
cause of frequent transitions into quartzite and quartzite-conglomerate. 

The next member of the series is the lioosac schist, which conform
ably overlies the Vermont formation. In this schist no recognizable 
clastic element is found. The minerals appear to have formed con
temporaneously. This schist is often coarsely crystalline, yet it is very 
similar to the albite phyllites of Germany. 

The next rock found is the stratified limestone, which occurs in 
the Hoosac valley, where it is in contact with the Vermont forma
tion and the Hoosac and Berkshire schists. The rock is generally an 
impure, coarsely crystalline white marble. Layers of quartzite are 
frequent in the limestone and the change from one to the other is 
gradual. Also, there is in some sense a transition between the Stock
bridge limestone and Vermont gneiss, and also a transition between the 
limestone and Hoosac schist. There also occur certain dark colored 
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rocks interstnttified with and in one case cutting the others, a:mJ)hibo
lites. Detailed descriptions are given of the occurrences at the various 
districts. 

At the Hoosac tunnel the main facts brought out are· that there is a 
large central mass of coarse granitoid gneiss (Stamford gneiss) forming 
the core of Hoosac mountain; that this is flanked on both sides by the 
white gneiss-conglomerate (Vermont conglomerate), the eastern band 
having a steady dip east and overlain by the albite-schist series; the 
western band broader, with varying clips, passing by gradual transi
tions into the coarse gneiss, and boun.ded on the west by a narrow band 
of the albite schist (Hoosac schist), the contact being conformable and 
transitional. This schist is succeeded on the west by another band of 
fine grained white gneiss (Vermont), and this in turn by the limestone 
(Stockbridge), no contacts being observed. The structure is anticlinal. 

This succession and these relations are found to correspond with the 
distribution in the central district of Hoosac mountain. It is also found 
that the anticlinal of Hoosac, consisting of the Stamford gneiss, Ver
mont formation and Hoosac schist, has a pitch to the northward of from 
100 to 15o, while the western side has been overturned, which makes 
the beds in inverted order on the west side. The whole northern third 
of the region and a broad strip along the east is occupied with albite
phyllite. In the district south of Cheshire and that of Hoosac valley 
the Stockbridge limestone and Vermont quartzite are found to be con
formable, and thelatter lower in horizon, as shown by contacts, litho
logical passages and the corrugations of the two together; the quartzite
conglomerate of the Vermont formation is identical with the fine grained 
white gneisses of the Dalton-Windsor area and to those ofHoosac moun
tain; and the schist area of Hoosac mountain is conformable with the 
quartzite and white gneiss series of Hoosac valley. The Hoosac valley 
schist and limestone appear to be conformable, although contacts are 
wanting. 

At Clarksburg mountain the granitoid gneiss (Stamford gneiss) is 
overlain by Clarksburg quartzite (Vermont formation), in which Wal
cott has found remains of trilobites, showing it to be Lower Cambrian. 
The two in a general way appear to be conformable, but in one place an 
undoubted dike runs in a straight Jine through the granitoid gneiss, 
but abuts against the quartzite without passing into it; and the quartz
ite has a curious thickening of its layers where the dike joins it, as 
though there had been a hollow owing to erosion of the dike before the 
deposition of the quartzite. It seems, therefore, to show the most per
fect unconformity between the granitoid gneiss and the overlying quartz
ite, although the structure of both rocks is parallel. Excepting the 
granitoid gneiss and the amphibolite, if the rocks are simply the Cam
brian and Silurian limestones, sandstones and shales, altered by meta
morphism, as they appear to be, the transition ought to be traced to 
the unaltered forms toward the Hudson. An examination of the rocks 
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of Grey lock suggests that "the metamorphism is ~n general in accord
ance with this idea eastward, and also perhaps downward. 

As a result of the work it is concluded that the gneisses of the Green 
mountains are ·just ~s capable of stratigraphical investigation as the 
unaltered sediments of the Appalachians, only the problem is much 
more difficult, owing to the secondary structures produced by metamor
phism. 

DALE,68 in 1889, gives a systematic treatment of the structural and 
areal geology of Greylo_pk. The rocks are all metamorp4_ic and of few 
kinds, crystalline limestone and various schists. The key to the struc
ture is in the distinction between cleavage foliation and stratification 
foliation. The phenomena of cleavage and stratification as studied on 
Grey lock lead to the adoption of the following structural principles: 
I. Lamination in schist or limestone may be either stratification folia
tion or cleavage foliation, or both, or sometimes, in limestone at least, 
"false bedding." To establish conformability the conformability of the 
stratification foliations must be shown. II. Stratification foliation is 
indicated by: (a) The course of minute but visible plications; (b) the 
course of the microscopic plications; (c) the general course of the quartz 
laminre whenever they can be clearly distinguished from those which 
lie in the cleavage planes. III. Cleavage foliation may consist of: (a) 
Planes produced by or coincident with the faulted limbs of the minute 
plications; (b) planes of fracture, resembling joints on a very minute 
scale, with or without faulting of the plications; (c) a cleavage ap
proaching slaty cleavage, in which the axes of all the particles have 
assumed either the direction of the cleavage or one forming a very acute 
angle to it, and where stratification foliation is no longer visible. IV. 
A secondary cleavage, resembling a minute jointing, occurs in scattered 
localities. V. As ascertained by Pumpelly, the degree and direction 
of the pitch of a fold are indicated by those of the axes of the minor 
plications. VI. The strike of the stratification foliation and cleavage 
foliation often differ in the same rock, and, as suggested by Pumpelly, 
are then regarded as indicating a pitching fold. When the fold is 
horizontal the two are parallel. VII. Such a correspondence exists 
between the stratification foliations and cleavage foliations of.the great 
folds and those of the minute plications that a very small specimen 
properly oriented gives, in many cases, the key to the structure over a 
large portion of the side of a fold. 

There are large areas, sometimes half a mile square, where the only 
foliation presented by the outcrops is of secondary character and where 
no trace of stratification can be detected. As the cleavage foliation in 
some places coincides with the stratification foliation both in strike and 
dip, in others agrees in strike while differing in angle of dip, and in still 
others differs both in strike and clip, and, furthermore, as the marks 
of stratification are not infrequentlY. subject to purely local changes, 
the whole matter is attended. with much difficulty. As a rule the 
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most reliable structural data on Greylock h~ve been obtained from 
outcrops where two different beds were in visible contact, or from a 
series of related outcrops in all of which both cleavage f~liation and 
stratification foliation were equa1ly manifest and discordant, or else 
from large surfaces of rock at right angles to the strike where the 
general trend of the minor folds could be distinctly seen. As a re
sult of a large number of observations the difference iu angle of dip 
between the cleavage foliation and stratification foliation was found to 
be from 100 to 1200. When the difference is over 90° the direction of 
the two dips is opposite. The absolute dip of cleavage in a large 
number of cases is almost univ~sally to the east. Also, there is lack 
of conformity in the strikes of the cleavage foliation and stratification 
foliation. 

Early in the work attention was .directed by Pumpelly to methods of 
detecting the pitch in the axes of folds. It is usually determined by 
observing the l)itch of the axis of any part of the fold. The correct
ness of the method seems to be verified by the general parallelism 
which exists between the minute and general structure of the rock 
masses, and also by the opposite direction of the pitch as determined 
at the extreme ends of the mountains. An application of these prin
ciples to Greylock shows that the range consists of a series of more 
or less open or compressed synclines and anticlines which, beginning 
near North Adams, increase southerly in number and altitude with the 
increasing width and altitude of the schist area, and then, from a point 
about a mile and a half sout'h of the summit, begin to widen out, and 
to diminish in number and height until they finally pass into a few 
broad and low undulations west of Cheshire. Bet,~een that point and 
the villages of Berkshire and Lanesboro the folds become sharper and 
more compressed and the schist area rapidly narrows, terminating 
within a short distance of Pittsfield. 

Mount Grey lock, with its subordinate ridges, is then a synclinorium, 
consisting at the surface of eleven synclines alternating with as many 
anticlines, but in carrying the sections downward they are resolved 
into two great synclines with several lateral and minor ones. There 
are five more or less distinct lithological horizons in the Greylock mass. 

Beginning above, the succession and correlations, with the classifica
tions of E. Emmons, James Hall, Dana and Walcott, are as follows: 



--
HorizonR. natural Lithological character. 

order. . 

V .................. M•1scovite (sericite), chlorite and quartz-schist, with or with-
(Upper schists.) out biotite, albite, magnetite, tabular crystals or lenticular 

plates of interlea-ved magnetite and chlorite; ottrelite, 
microscopic rutile and tourmaline. 

These schists are rarely calcareous or graphitic. 

IV.·-·-·-·-·-···--· Limestone, more or less crystalline, generally micaceous or 
(Upper limestone.) pyritiferou~, pasf'ing into a calcareous mica--schist or a 

feldspathic quartzite or a fine-grained gneiss with zircon 
and microcline or a schist like V and Ill. 

The more common minerals are: graphite. pyrite, albite 
, and microscopic rutile and tourmaline. More rare: ga-

lena and zinc-blendo. 

III ................ Musco>ite (sericite) chlorite and quartz-schist, with or 
(Lower ochisls.) without biotite, albite, graphite, magnetite; freque11tly 

with tabular crystals or lenticular plates of interleaved 
ma!fnetite and chlorite; garnet; (uttrelite ?) ; microscopic 
rutile ::tml tourmaHne. 

These schists are in places calcareous, especially towarll 
the underlying limestone. 

II ................. Limestone, crystalline, coarse or fine; in places a dolomite, 
(Lower lim6"'tone.) ~>ometimes quartzose or micaceous, more rarely feld-

spathic, very rarely fossiliferous. Galena and zincblende 
rn~ ' 

Irregular masses of iron ore (limonite), assodaterl some-
times with manganese ore (pyrolusite). Some quartzite. 

I·-·----·--···---· Quartzite, fine grained, alternating with a thin-bedded, 
(Qnartzito.) micaceous and feldspathic quartzite. (The latter with 

calcite, pyrite, tourmaline.) 
.Associated with these quartzite!;, and probably at the base 

of this horizon, is a coarse grained Iuieaceous quartzite 
(tourmaline) paRsing-, in places, into n CC>nglomerate, and 
containing blue qtiartz, feldspar (plagiocla:se, microcline) 
and zircon, all of cla~tic origin. 

I 
Tot~i!f~~~~~~~--- ·--··. ··-- ·- ·--- ·- ·--· .. ·-·- ... ---------·I 

Max1mum ·---·------- ·----··---- -----···- --·-··--····-· 
--------------~-----------

Thickness. 

Feet. 
1, 500-2, 200 

600-700 

1, 000-2, 000 

1, 200-1, 400 

800-900 

5, 000 1 

7, 200 

Emmons, 1855. 

Pre-Potsdam. 
Lowor Taoonio I 
No. 3, '' talcose 
or magnesian 
slate." 

Pre-Potsdam. 
Lower Taconic 
No. 3, included 
in " talcose or 
magnesian 
slate." 

Pre-Potsdam. 
Lower Taconic 
No. 3, " taleose 
or magnesian 
slate." 

Pre-Potsdam. 
Lower Taconic 
No.2, "Stock-
bridge lime-
stone." 

Pre- Potsdam. 
Lower Taconic 
No.1, ''granu-
larquartz." 

-----

.Age. 

Hall, 1839-1844. I D=a, 1882-1881. 

Trenton (Hudson Lower Silurian. 
river). 

I 
Trenton (Hudson Lower Silurian. 

river). 

river). 
Trenton (Hnd•on j Lowor Sil=ian . 

Lower Silurian. Lower Silurian _ 
(Trenton and 
lower.) 

....................... Cam brian (Pots· 
dam). 

I· 

O:• 

Walcott, 1888. 

Trenton (Hudson 
river). 

Trenton (Hudson 
river). 

. 

Trenton (Hudson 
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In part Lower 
Cam brian (Olen-
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LITERATURE OF RHODE ISLAND. 

JACKSON, 69 in 1840, describes the older rocks of Rhode Island as 
Primary and Metamorphic. 'l'he Primary rocks are generally said to 
be rocks produced in the state of igneous fusion. Among these are 
placed granite, gniess and mica-slate, although it is doubtful as to the 
manner in which these two latter rocks were formed. At Woonsocket 
a conglomerate passes into a mica-slate. In general the contact be
tween the gneiss, mica-slate and graywacke are perfectly sharp. 

CozzENS,70 in 1843, :finds that the section on the islancl of Rhode 
Island, from the base up, includes granite, serpentine, bJack slate, gray
wacke, black slate, Rhode Island ct>al and diluvium. 

JACKSON,71 in 1859, maintains that the pebbles of the Newport con
glomerates in their present condition were mechanically formed by being 
rolled upon beaches, often the distortions and indentations being ac
counted for in this way. 

HITCHCOCK (CHAS. H.),72 in 1861, describes the lower rocks of the 
island of Aquidneck, in ascending order, as (1) talcoid schists, and 
conglomerates with red jasper pebbles; (2) the Purgatory conglomer
ate, the pebbles of which are distorted; (3) mica-schists, mica-slates, 
conglomerates, sandstones, and grits west of Purgatory; (4) second 
conglomerate, and (5) coal measures. 

DALE,73 in1883, gives detailed sections of many localities and de
scriptions of various places. The conglomerates are found in some 
cases to be highly metamorphic, the pebbles being unmistakably elon
gated and cut with scales of mica. The cleavage of the pebbles is 
regarded as partly due to their adhesion to the cement. The fractures 
with which they are cut is possibly due to wave motion or to the con
traction of the conglomerate in cooling from a heated state. The 
chronological order and thickness of the series is in ascending order as 
follows: 

1. Hornblende-schist alternating with mica-schist_ ........•••..........•. 
2. Cbloritic schists and associated argillaceous and micaceous schists_ .... 
3. Greenish, slaty conglomerate, with argilhweous and siliceous serpentine. 

(Conglomerate 1.) ....••..•....•.•.....•••.•..••......•.•...•••••••• 
4. Quartz and clay, aggregate .... _ .... _ .... __ . .-.............. __ ...... _ .. . 
5. Argillaceous schists and associated sla.tes, etc __ .... _ ................. . 
6. Quartzite conglomerate, with grits and some argillaceous schist. (Con 

glomerate II.) ........ _ .••...•... : . ......... _. _ ..•. __ .•....•.... _ •.. 

7. Carbonaceous schists and shales with argillaceous schists_ ........... . 
8. Fine argillaceous conglomerate and grit ... _ ....................... _ .. . 

Feet. 
950 

t'00-750 

500 
750 
600 

750 
500 
500 

Total ..................• _ ...... _ .............. _ ........ _ .. _. . . . . 5050-5300 

LITERATURE OF CONNECTICUT. 

SILLIMAN, 74 in 1820, states that Primitive rocks occur in many places 
in the counties of New Haven and Litchfield. These rocks succeed 
each other with almost precisely the arrangement and succession laid 
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down by Werner-clay-slate, including beds of trap; mica-slate; 
gneiss. Granite crowns the whole, although it occupies but a small 
extent compared with the gneiss and slaty rocks. As a whole the 
slates occupy the lowest and the granites and gneiss the highest situa
tions. 

MATHER, 75 in 1832, describes the succession from Killingly to Haddam 
as consisting of gneiss, granite, syenite, mica-slate, hornblende-slate, 
granular quartz rock, the latter underlying thick strata of gneiss. 
Powerful veins of granite traverse the gneiss, while in other places the 
granite is found both in veins and beds. 

MATHER,76 in 1834, divides the rocks · of Connecticut into gneiss, 
hornblende-slate, mica-slate, granular feldspar, granular quartz, syen
ite, granite, limestone. The strata generally show themselves in long 
belts extending unbroken to a considerable distance. The thickness 
of the gneiss at one locality is not less than 10,000 feet. At Lebanon 
the gneiss surrounding a great part of the syenite dips so as apparently 
to pass under the latter rock. The syenite is not stratified, but the 
granite is partly so. The limestone occurs in beds from 1 to 20 feet 
thick, embraced in the contorted gneiss in the northwest part of Ston
ington. 

PEROIV AL,77 in 1842, divides the consolidated rocks of Connecticut 
into Primary, Secondary, and Trap rocks. The Primary rocks occupy 
tbe greater portion of the surface of the state and are divided into the 
western and eastern sections. These primary rocks are formed en
tirely of original materials, exhibiting no appearance of any fragment 
or remains of any anterior formation. The trap rocks are chiefly con
nected with the secondary rocks, although they also cut the Primary. 
These are regarded as intrusive and igneous. In describing the Pri-· 
mary rocks the term parallel is preferred to stratified, as simply 
expressing the fact as to the arrangement of the minerals without im
plying any opinion as to the mode of formation. The western primary 
system, which extends on the west and southwest into the state of New 
York and on the north into Massachusetts, is divided into a large 
number of local formations, including the classes, mica-slate, argillite, 
granite, calciferous schist, limestone. The formations as a whole pre
sent a series of parallel ridges which have a general curvature with a 
convexity toward the east. The central portion exhibits a series of 
granitic and micaceous alternations, which appear partly as elongated 
bands and partly as isolated nuclei, generally granitic, around which . 
the more micaceous formations are concentrically arranged. The east
ern primary system is divided into several main groups, the rocks here 
including gneiss, micaceous and chlodtic rocks. In one of the granitic 
formations the arrangement consists of a cmi.tral nucleus of granite
gneiss surrounded by narrow concentric ranges of various characters. 
The zone immediately adjoining the granitic nucleus is characterized 
by the almost constant presence of anthophyllite. From the coarsest 
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granites to the finest and most uniform schist the structure is charac
terized by a para,llel arrangement of the mineral constituents. Con
tinual alternations were ob::;erved of series of granitic, micaceous, horn
blendic and various other formations. The trap rocks occurring in the 
primary and secondary formations are so near · alike that they can not 
be separated, but in the primary rocks there is no conformity between 
the traps and the adjacent formations, such as prevails in the secondary. 

DANA,70 in 1872, states that the quartzite of Canaan outcrops in six 
exposures, is unconformably below the limestone, and its jointing, 
uplifting and consolidation took place befol'e the latter was deposited. 

GENERAL LITERATURE. 

DANA, 79 in 1877, maintains that the conformable succession in Berk
shire county, Massachusetts, and in Vermont are the same, being (1) lime
stones and schists; (2) quartzites and schists; (3) quartzites and lime
stones; all confol'mable. The Taconic range of Berkshire is probably 
Upper Trenton or Hudson river or Cincinnati. There are fL·equent 
abrupt transitions between the quartzite and gneiss which are believed 
to represent transitions from sand deposits to mud deposits in the old 
seas. 

HITCHCOCK, (C. H.), 00 in 1879, describes the Atlantic system as in
cluding the highlands of the Atlantic ocean between Newfoundland and 
the Carolinas, comprising the Terranovan, confined to Newfoundland 
and Nova Scotia; tbe MontaJban, with Green mountain branch, in 
which is tbe White mountains; and the Carolina or Southern, which 
culminates in the Black mountains. The rocks of the system were 
deposited in a I.1anrentian basin with the Aclir.ondacks on the west and 
the ancient gneisses of eastern Massachusetts on the east. 

DANA,01 in 1880, finds that the western and eastern halves of the Green 
mountain area are one orological system, the rocks being similar, and 
all are of Lower Silurian age. With these belong part of the central 
mountain section. In view of these various considerations the evi
dence, although not yet beyond question, is manifestly strong for 
embracing the whole region between the Connecticut and the Iludson 
(and to an unascertained distance beyond) within the limits of the Green 
mountain synclinorium. 

DANA, g; in 1884, :fincls that the schistose rocks constituting the Ta
conic range grade from north to south from feebly crysta1line argillite 
and hydromiea-schist to coarse grained mica-schist, garuetiferous and 
staurolitic. The eastern and western limestone belts blend with one 
another through the low regions, croRs the Taconic line, and prove the 
two to be one formation. The limestone passes underneath the schist 
of the Taconic range and outcrops on its east and west sides on opposite 
sides of the synclinal. The limestoneR which constitute the lower part of 
the Taconic system contain fossils, which designate it as Lower Silurian; 
_hence the schist~ of the Taconic are later than Silurian age and prob-
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ably belong to the Hudson river. The structure of the range is a com
pound synclinal. Mount W asbington is a synclinal of the same kind, 
which dies out to the south with a multiplication of small subordinate 
flexures. 

HITCHCOCK (C. H.),83 in 1884, describes a number of geological 
sections across New Hampshire and Vermont, and correlates the rocks. 
The order and thickness of the crystalline formations from above down
ward are as follows: 

Calciferous mica-schist and Coos group ...•.•••..••...•.•.•.. ~ ....•••..•••• 
Kearsarge group_ ....... _ .... _ .....•...•••.......•...••................... 
Rockingham mica-schist ......•........•.................•.............•.. 
Merrimac group ___ ..•. _ ..... _ ..................................•......... 
Huronian ___ . _ ............ ___ .... ___ ........................ ____ .. __ .. _ .. . 
Hornblende-schist ........................................... ~ ........... . 
Montalban .... _ .......................................................... . 
Lake Winnipiseogee (Green mountain) gneiss ...•......................•... 
Bethlehem gneiss ......................•••.............•.................. 
Porphyritic gneiss _ ......... _ ............... _ .. ~ ....... __ .. ____ ..••....... 

Feet. 
12,000 
1,300 
6, 000 
4,300 

12,000 
1,500 

10,000 
18,600 
6,300 
5,000 

Total thickness .......•...... _ .. _ ••••...•.. _..... . . . • . . . . . . . . . . . • . . . 77, 000 

The various groups are classified according to stratigraphical and not 
lithological reasons. Unlike rocks are never assumed to be identical. 
If a hornblende-schist and clay-slate dip toward each other they are 
assumed to be of different age and separated by a fault. If a granitic 
rock shows foliation it is classed among the gneisses. The igneous 
rocks are devoid of marks of stratification. The Montalban is used to 
cover pre-Huronian and post or upper Laurentian rocks. Huronian is 
used for convenience to <:1-esignate the various schists of chloritic and 
argillitic aspect overlying the gneisses and inferior to the Cam"brian so 
far as known. The Ascutney granite seems to have been erupted from 
below through one or more vents and spread over the rock adjacent, 
as is shown by the fact that in the valleys where erosion has cut into 
the base of the granite it is discovered that schists run under the igne
ous rock certainly for 300 feet. The mica-schists show the presence of 
heat for a distance of 500 feet or more from the granite. The slates 
have been indurated so that they ring like iron when struck with a 
hammer. The limestones are sometimes calcined and even glazed. 
Vein's enter both of the rocks from several yards distant. The gneiss 
is not altered by the contact line. It would seem, therefore, as if we 
had here examples of contact phenomena, and only the later strata are 
affected, because the gneiss had been already made crystalline before 
the eruption of the granite. 

HITCHCOCK, (C. H.),84 in 1886, divides the older rocks of Vermont into 
(1) granite (Devonian); (2) Eozoic gneiss; (3) Potsdam and later for
mations. In (3) are included the Georgia slates, the calciferous mica
schist, etc. The Eozoic gneiss occurs in five areas and is believed to 
underlie the Potsdam or Quebec group. .At Wallingford the quartzite is 
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superimposed upon a gneiss, as shown by peculiar erosion. At Sunder
land, East Wallingford, Ripton, Bristol. and Clarksburg, Massachusetts, 
the fossiliferous rocks contain pebbles of a peculiar blue quartz which 
is derived from the gneiss. The gneiss is a northward continuation of 
the Eozoic rocks of New Jersey, the Highlands of New York and of 
southern New England. In Maine the Cambrian, Huronian and Ta
conic rocks are placed together and also the Montalban and Laurentian. 
The granite and trap and altered slates are not placed in the strati. 
graphical column. The . gneisses are regarded as older than either 
the Cambrian or Huronian. The pre-Silurian rocks of New Hamp
shire are classified as follows : 

Laurentian ........•...•••.... Porphyritic gneiss. 

{

Bethlehem group. · 

Atlantic . • • . • • . . . . . . . . . . . . . ~ake Winnipiseogee gneiss. 
Montalban or White mountain series. 
Franconia breccia. 

r 
Conwn.y granite. 

Eozoic · · · · · • Albany granite. 

Labrador or Pemigewasset .. < Chocorua granite. 
, Ossipyte. 

l Compact feldspar. 
Exeter syenites. 

(Lisbon group. 
Huronian .................. < Lyman group. 

l Aul'iferous conglomerate. 

l 
Rockingham schists. 
Calciferous mica-schist. 

Paleozoic .... Cambrian . . . . . . . .. . . . . . . . . . Coos group. 
Clay slates. 
Mount Mote conglomerate. 

The Atlantic system is proposed to cover all the rocks along the At
lantic coast from Maine to Alabama, being regarded posterior in time 
to the Laurentian but anterior to the Cambrian and later formations. 

WALCOTT,85 in 1886, places the Georgia formation, which is found to 
contain the Olenellus, in the middle Cambrian, and the Braintree series 
of Massachusett bearing the Paradoxicles fauna is placed in the Lower 
Cambrian. 

WALCOTT,86 in 1888, in a consideration of the Taconic, places the 
western core of the Green mountains as pre-Cambrian, the bounding 
line being at a considerable, but a varying distance east of Rutland, 
Middlebury, Burlington and St. Albans. All of the rocks of western 
Massachusetts are regarded as Cambrian or post-Cambrian, including 
the Stockbridge limestone, the granular quartz rock, the magnesian 
slate, Sparry limestone, and Taconic slate. In northwestern Connecti
cut is an area of pre-Cambrian rocks which is surrounded by quartzite 
referred to the Georgia formation. 

WALCOTT,87 in 1889, after a consideration of the Cambrian fauna 
reverses the position of the Georgia and Braintree horizons, placing the 
latter as Middle ~nd the former as Lower Cambrian. 
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SUMMARY OF RESULTS, 

In this discussion no attempt will be made to consider in detail the 
structures workecl out by the various authors in individual districts, 
but rather to indicate the general character of the results which have 
been reached. 

It is plain that the knowledge of the pre-Cambrian structure of the 
New England states is in a very unsatisfactory condition. Even in 
such a district as that of eastern Massachusetts, including the Boston 
basin, there is the greatest diversity of opinion, a district which one 
would naturally expect would have been systematically studied and 
certain results reached. In western l\iassachusetts, where the most 
elaborate of the older surveys has been made, the rock successions 
given from time to time and the correlations with other series have v~ried 
greatly. These areas are particularly mentioned because most studied. 
What is here true is still more emphatically the case with the remainder 
of the region. 

While, then, systematic work in the New England states is but fairly 
begun, one great structural fact is clearly apparent, that large areas of 
rocks which have commonly been regarded as pre-Cambrian are prov
ing to be Cambrian or post-Cambrian. This is most marked in west
ern Massachusetts, where the recent work of Dana, Pumpelly, Dale, 
W ol:fl', Emerson and Walcott has established the conclusion that the 
pre-Cambrian rocks are confined to small areas. The results reached 
in this district show that it will not do to call the crystalline rocks 
pre-Cambrian and the uncrystalline ones post-Cambrian, a princi pie 
clearly recognized by Adams and the elder Hitchcock many years ago. 
Over large areas mica-slates, mica-schists and evenly granular gneisses 
have been demonstrated beyond all question to belong to the Cambria11 
or post-Cambrian. If in 'the remainder of New England the pre-Cam
brian rocks shrink in proportion as they have done in the districts 
closely studied, they will not occupy more than a fractiou of the area 
usually assigned to them. 

If it be true that a very large proportion of the New England: rocks 
which have been supposed to be pre-Cambrian are really Cambrian or 
post-Cambrian, it is evident that the reference of them to the l\1outal
ban, Norian, Huronian, Laurentian, etc., is wholly unwarranted. In 
the districts already referred to where definite knowledge is available 
many of the rocks before referred to these various series are being 
divided into two classes, sedimentary and igneous, and are being dis
tributed from the Cambrian to the Carboniferous. 

As yet it can not be positively said of any district that the pre
Cambrian rocks can be subdivided upon a structural basis, although 
recent unpublished results by Pumpelly aud his assistants in the Green 
mountains indicate that it may be possible to do this in the future. 

This New England region is one of great interest as being the first 
in which it was clearly shown by structural work that fi'agmental rocks 
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pass over into crystalline schists. The descriptions by the elder 
Hitchcock of the way in which the schist-conglomerates at various 
points pass over into mica-schist in which no trace of the pebbles re
main are remarkably like those given many years later by Reusch, the 
chief difference being that in the latter case partly destroyed fossils 
were found in the semicrystalline rocks. Hitchcock's summary of the 
evidence for the production of completely crystallin~ schists from frag
mental rocks over extensive areas, published in 1860 in the Vermont 
reports, is demonstrative in its nature. The case could hardly be put 
more forcibly at the present time, except by the additional evidence 
derived from microscopical structures. 

One of the most interesting differences of opinion has been as to the 
origin of the granite and its 1·elation to other rocks. The elder Hitch
cock believed that the granites and syenites are produced by the 
aqueo-igneous fusion of the sedimentary beds, that they have usually 
not moved far, and thus represent older stratified rocks. Locally it was 
recognized that they have become fluid and have intruded the adja
cent rocks, showing all the characteristics of an ordinary eruptive. 
The term metamorphic was made to cover this once fluid material. Alon_g 
the contacts of the granite with the slates and schists, at various 
localities were found many rounded fragments which were taken as evi
dence of the metamorphic origin of the whole, the matrix being re
garded as completely fused and the fragments as residuary bowlders 
which had resisted the process of metamorphism. Stevenson and Mar
vine interpreted like facts in the Rocky mountains in the same man
ner. These relations are precisely the same as those described by 
Lawson between his Laurentian granite-gneiss and the clastic series 
northwest of lake Superior. The latter writer, however, declines to 
carry the term mcta,morphism· over to the final product and regards the 
granite-gneisses along the contact zone containing fragments of the 
adjacent rocks as irruptive ones, the fragments being caught in the 
fluid material rather than being a residual unfnsed substance. The 
emphasis is then thrown upon the intrusive character of the granite
gneiss, a position less consonant with the theory of subcrustal fusion 
than that of Hitchcock, Stevenson, Marvine, and Winchell. An objec
tion to the acceptance of this theory of the origin of granite and gran
ite~gneiss is that it is one that is not easily verifiable. As soon as a 
rock becomes liquid it does not longer reveal the source of the material, 
and the conclusions that it has not moved far and has been produced 
by the fusion of the adjacent rocks is an unproved and 1)erhaps un
provable assumption. 

By Crosby the granites which cut other · rocks are placed as the 
older; this conclusion follows from the hypothesis that the granites are 
metamorphic. If they intrude overlying rocks they must have been 
produced from a more deeply buried series and are hence older. Most 
geo~(\gists interpret these relations to mea,n that the granite is a later 



384 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86. 

intrusive rock. By Shaler the lamin:ation of the minerals in the sye
nites and granites, and particularly the more distinct lamination of the 
exterior parts of the exposures, is regarded as unquestionable evhlence 
of sedimentary origin. Jackson, among the older geologists, has stead
ily maintained the essentially igneous origin of the granites and sye
nites. Hawes was the first, however, to clearly study from the modern 
point of view the granites aud granite-gneisses and to show that the 
lamination of the latter is not necessarily an evidence of original bed
ding, and that such a structure may appear in an igneous rock as well 
as in a sedimentary one. It is only since the recent work of Pumpelly 
and Emerson that it has been generally appreciated that there are two 
classes of granites in New England. These geologists have shown that 
in western Massachusetts is a granitoid gneiss, which beyond all ques
tion antedates the Cambrian rocks and has yielded debris to them. 
While this is the case, the greater mass -of the granites are far later 
in age, some of them ranking in time as late as the Carboniferous. 
Frequently the masses are so large as to metamorphose the sedimen
tary beds about them by contact or dynamic action, or more probably 
by both, producing the concentric schistose structure so early men
tioned by Percival and 'SO fully described by Emerson. 

By the early advocates of metamorphic granite a massive form was 
regarded as evidence of the completed process and of the great age of 
the granite. In any given granite the age of which is not known, from 
the modern point of view, its perfectly fresh granular form, or an even 
lamination of mineral constituents which results from crystallization 
under ordinary circumstances in great beds or masses, bears rather 
toward its late formation; while the contorted and foliated granitoid 
gneisses, because of their structures, show that they have undergone 
repeated powerful dynamic actions, and consequently are more likely 
to be ancient rocks. 

The ''diorite-schists," "amphibolites," "metamorphic diorites," and 
similar schistose rocks described even by Hawes as metamorphic, 
probably belong for the most part with the other greenstones, which 
have almost universally in late years been placed with the eruptives. 
These schistose phases are more ancient than the massive forms or 
have been subjected to more intense metamorphism. 

While it was early recognized by most geologists that slaty cleavage 
and foliation may cut across the bedding, it was generally assumed 
that cleavage and stratification foliation correspond. As early as 1842 
Percival so clearly saw the danger of this course that he states that he 
prefers to use the term parallel instead of stratified in describing the 
structures of the crystalline rocks as expressing the fact of the arrange
ment of the minerals without implying any opinion as to the mode of 
formation. Hawes, in 1878, states that the granite-gneisses in their 
affinities are like the eruptive granites, the lamination being an induced 
structure which may or may not correspond with bedding in case they 
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are completely metamorphosed material. He, however, includes among 
the metamorphic rocks diorite, quartz-diorite, and amphibolite, since 
they have marked distinctions from the fresh basic rocks recognized as 
eruptives. From the assumption that cleavage foliation and stratifica
tion generally correspond have probably resulted more mistakes than 
from any other cause. 

The cautious work of Adams, the elder Hitchcock and Percival in 
correlation is noticeable. Adams preferred to call the rocks of Ver
mont .Azoic, referring to their present state, and specifically saying that 
many of them might prove quite late in the fossiliferous series. The 
same course is followed by the elder Hitchcock, who says that probably 
most of the Vermont rocks will prove to be later than the Laurentian. 
of Logan. Percival, in Connecticut, carefully described the rocks as 
they occurred without attempting to give any succession or to correlate 
them with other rocks. The building up of successions upon insufficient 
data and crude correlations is mainly the work of later men. 

The work of Da~a, Pumpelly, Emerson, Dale, Wolff, and Walcott in 
the past (lecade marks a new epoch in the study of the crystalline rocks 
of New England. The complexity of the problem has been for the fi.Tst 
time apprecia.ted. It has been seen that the old method of making a 
few sections wide apart across a district, and bringing the discrepan
cies into harmony by assumptions, wherever necessary; of inversions 
and faultR, and making correlations of formations with those of distant 
regions because of lithological likenesses, can lead only to conclusions 
worse than valueless. 

In applying the new method of work, as exemplified in western 
Massachusetts, it has not been assumed that a rock str'atum is the 
equivalent of another stratum in a different locality. In order to es
tablish equivalence it is necessary that the two be actually traced to
gether, or else that unquestionable fossil evidence be found. Instead 
nf assuming that stratification and cleavage foliation correspond, the 
assumption haR been rather that they usually do not correspond and 
that nothing can be taken as bedding which can not be demonstrated 
to be this, as, for instance, the contact planes of two formations, such 
as quartzite and limestoue or one of these with schist. Instead of build
ing up a structure from a few sections wide apart, all sources of informa
tion have been sought; every outcrop was visited; the information 
furnished by artificial excavations was utilized; full suites of specimens 
were collected, and all the Jight which can be furnished by the modern 
petrographical methods has been brought to bear upon the problemA. 
Finally, a more careful search for fossils has revealed their presence in 
rocks so crystalline that former search has resulted in failure. In this 
study Pumpelly, besides using these and other well known principles, 
has formulated new ones. These are: 

(1) The degree anll direction of the pitch of a fold nre indicated by those of the 
'1xes of i.l1e mil1or plications on its sides. (2) When the strike of the stratification 
foliation and cleavage foliation di.fl"er in the same rock, this is regarded as indl
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eating a pitching folcl. (3) Such a correspondence exists between the stratifica
tion foliations and cleavage foliations of the great folds and those of the minute 
plications that a very sma.ll specimen properly oriented gives, in many cases, the 
key to the structure over a large portion of the side of a fold. 

This author has further ascertained that apparent conformity, which 
sometimes exists between strata really unconformable, may be due to 
the disintegration of the earlier series. 

Notwithstanding that advantage has thus been taken of all sources 
of information, the problems of the structure of western Massachusettts 
have been found so difficult that it has taken years of labor of a num
ber of men to build up correctly the stratigraphical succession. The 
labor involved in this work and the relatively small size of the area 
covered show that before any accurate map of the whole of New 
England can be presented many years must elapse, although it may be 
reasonably hoped that, as experience accumulates, the application of 
the new method will proceed more rapidly than in the decade of its 
inauguration. 

That the structural mapping of the crystalline rocks in New Eng
land is less extensive than in some other parts of America has not been 
due to a lack of ability or industry upon the part of the workers in 
this region as compared with those of others, but rather to the greater 
difficulty of the problem. This reglon is one in which repeated dynamic 
movements, accompanied by great outbursts of igneous material, have 
occurred until late in Paleozoic time. 

SECTION II. THE MIDDLE ATLANTIC STATES. 

LITERATURE OF NEW YORK. 

PIERCE,88 in 1818, describes the nucleus of Staten island as consist
ing of steatite, which stamps the formation as Primitive. 

AKERL y, 89 in 1820, describes a section running from Long Branch, in 
New Jersey, northward to New Marlboro, Ulster county, New York. 
The rocks included are divided into principal rocks, metalliferous rocks, 
basaltic rocks, and alluvial formations, which correspond to the Ger
man terms Primitive, Transition, Floetz, and Alluvial. Staten island 
has a rocky base composed of the magnesian order of rocks, consisting 
of serpentine, steatites or soapstones. Hoboken is of the same naturP 
as Staten island. The Highlands of New York consist of granitic 
rocks belonging to the primitive class. Gneiss and micaceous schist 
are the most prominent; but granite, properly speaking, also enters into 
the composition. The commencement or termination of any of these 
rocks has not been found, and as they grailuate into one another they 
are considered the same formation. At Hell Gate the rocks are gneiss 
and micaceous schist. The northern part of ~ew York island is of tlie 
primitive formation and includes granite, gneiss and limestone. Crys
talline limestone is also found at other points. All these rocks are 
placed in the primitive formatiQn and they contain no organic remains. 
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JESSUP,90 in 1821, describes in Essex county, in the vicinity of lakes 
li-eorge and Champlain, rocks of the primitive class, including trap, 
syenite and carbonate of lime. 

EATON1
91 in 1822, describes as occurring in the Highlands of the 

.Hudson, without reference to order of time, gneiss, hornblende rocks 
and argillite. The gneiss appears to be the center or oldest formation. 

EATON1
92 in 1824, describes the rocks adjoining the Erie canal. 

Among the primitive rocks are placed granite, gneiss, hornblende rock, 
mica,-slate, talcose rock, granular quartz, granular limerock, sparry 
lime rock and J?rimitive argillite, which are described as occurring at 
numerous localities. There are two primitive districts, that in south
eastern New York and that west of lake Champlain, called Macomb 
mountains. 

EMMONS (E.),93 in 1837, describes granite and gneiss as having a wide
spread occurrence in the northeastern part of the state. The granitic 
nucleus of Essex county is traversed by dikes of greenstone of igneous 
origin, and the granite is considered to have the same genesis. Gneiss, 
hornblende and granular limestone are classed together as primitive 
rocks and regarded as absolutely of the same age. Above the primi
tive rocks is a transition sandstone, superimposed upon which is a 
transition limestone. 

CoNRA.D/4 in 1837, describes at the base of the Mohawk valley ridges 
of gneiss which are regarded as a prolongation of the northern primary 
ehain. Upon the gneiss is found calcareous sandstone. 

MATHER1
95 in 1838, mentions gneiss on Long island; granite and ser

pentine ou Staten island; and granite, gneiss and granular quartz in 
the southeast part of Dutchess county. In the serpentine was observed 
a trap rock. 

EMMONS (E.),96 in 1838, states that in St. Lawrence and Essex counties 
are found Primitive rocks. The stratification of the gneiss is often ob
~cure and its texture confusedly crystalline. Subordinate to it and 
mingled with it is granite, which occurs in beds and protrn<led masses 
in tlw forms of veins and in overlying masses analogous to lava cur
rents and greenstones. In St. Lawrence county is a widespread gran
ite composed of labradorite, feldspar and hypersthene, which is tntv
erscd by dikes of greenstone, amphibolite, Ryenite, and porphyry. .As
sociated with the gneiss and limestone are numerous beds of magnetite 
~wd hematite. The transition rocks of Essex county, such as lime
swnes and shales, are cut by dikes and veins. The primitive lime
stone is always coarse, crystalline and friable. It occurs in most 
intricate and curious relations to the granite and liypersthe11e rock, 
many of its areas being in vein-like form. This fact, combined with 
the presence of foliated plumbago and the induration of sandstone 
when in contact with the limestone, leads to the conclusion that it is 
of igneous origin. 

V A.NUXEM,97 in 1838, finds Primitive rocks in Montgomery, Ilerki
mer and Oneida counties. 
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M.A.THER,98 in 1839, describes the rocks of New York, West~~hester 
and Putnam counties as comprising granite, gneiss, mica-slate, quartz 
rock, talcose slate, limestone, syenite, serpentine, st~atite, augite rock, 
greenstone, the latter traversing the other rocks like veins or being 
interstratified with them. The gneiss and granitoid rocks are distinctly 
stratified, as is also the limestone. 

HoRTON/9 in 1839, describes the Primitive rocks of Orange county 
as less regular in stratification and dip along the banks of the Hud
son and at their western margin than in tlieir center. The strike of 
the primitive gneiss is about northeast and southwest, with a dip to 
the southeast from 450 to nearly vertical. Interstratifi.ed among the 
primitive rocks are hornblende rock and white limestone. .Argillite is 
placed with the transition formations. 

G.A.LE/00 in 1839, finds that the rocks of New York county are chiefly a 
gneiss, associ.ated with which as suborclinate rocks are serpentine, horn
blende, primary limestone and anthophyllite rock. On the weRtern side 
ofthe island the gneiss so abounds, with the veins of granite parallel with 
the strata, that in many places they constitute the chief material. .At 
Kings bridge the limestone at its junction with the gneiss ret<Lins the · 
structure of that rock with ·the mineral m~ttter of limestone, but the 
pure limestone is in beds without stratification. 

EMMONS (E.)/01 in 1839, describes Primitive rocks in Hamilton, Olin
ton and Warren counties. The primitive rocks are gneiss, hornblende, 
limestone and serpentine. The limestone aud serpentine occur in irreg
ular veins or beds, which are sometimes analogous to greenstone uikes 
so prevalent in the hypersthene rocks. 

EMMONS (E.),102 in 1840, states that the magnetic iron ore occurs asso
ciated with granite, gneiss and hypersthene rock in veins which are 
regarded as of igneous origin. The specular oxide occurs in two hori
zons, the first associated with the primary limestone, the second w-ith 
gneiss or some other primary rock beneath it. 

VANUXEM, w:J in 1840, states that the primary rocks which are defined 
·as earlier than any which bear organic bodies in Lewis county consist 
mostly of granite and gneh;s, but are associated with amphibolite or 
hornblende, forming syenite and hornblende rock. The Potsdam sawi
stone rests unconformably upon the primary rocks. There is a grea1. 
contrast between the two classes, the latter presenting a clh-;turbea 
appearance, exhibiting high grades of inclination, while those of the 
transition are like the deposits of tranquil waters. 

MA1'HER, 104 in 1841, states that the primitive rocks occupy two-fifths 
of Saratoga and one-fifth of Washington county, being mostly gneiss 
and granite, although coarsely crystalline white limestone containing 
plumbago, augite and hornblende is a common rock. 

E]}IMONS (E), 105 in 1841, mentions primary limestone at lake Janet, 
gneiss at Long lake, and on H.acket river hypersthene rock. 

EMMONS (E.)/06 in 1842, gives a report on the entire .Adirondack 
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region. The older rocks are classified under primary and transition. 
·There are few transitions from the primary into the sedimentary rocks. 
There are, however, many transitions among the primary masses them
selves, and often intermediate series are found which are with difficulty 
placed under appropriate names. The primary rocks are divided into 
unstratified, stratified and subordinate. Among the unstratified rocks 
are included granite, hypersthene rock, primitive limestone, serpentine 
and rensselaerite. The stratified rocks include gneiss, hornblende, 
syenite, talc or steatite; the subordinate rocks include porphyry, trap, 
magnetic and specular oxides of iron. 

The granites occupy a comparatively small extent in the region, 
being in limited patches of irregular appearance. One of the largest 
beds of granite is about 6 miles long. In one place granite and lime
stone are somewhat intermingled. The hypersthene rock occupies a 
triangular area to which it is almost wholly confined, but it constitutes 
almost the entire county of Essex, with the exception of a belt a few 
miles in width along the shore of the lake. Under primitive limestone 
is included a coarse, crystalline mass, readily recognized as a minera
logical species, but as a rock not holding a definite place in the pri
mary series. Thi£ rock is believed to be unstratified and of igneous 
origin, as is shown by its occurrence in dike-like forms and ita asso
ciation with eruptive rocks, the imbedded minerals being of such a 
character as would be produced by metamorphism. Also limestone 
produces a metamorphosing effect upon the minerals imbedded in it, 
is alwayH without stratification, often underlies granite, and is so inti
mately associated with it as to make it probable that the two have a 
common origin. Serpentine intimately associated with the limestone 
ha~ ttn origin common with it. 

The stratified rocks have a much wider occurrence than the massive 
ones. Of these gneiss is by far the most important. Syenite is ap
plied to a stratified rock composed of feldspar and hornblende. It 
often occurs injected in the form of dikes and associated with beds of 
iron ore and is in part an igneous rock. Trap includes dark-colored 
:;gneous rocks, which cut the various other primitive formations. These 
are compared with mineral veins, and because the former is eruptive 
the latter is concluded to have a probably similar origin. Porphyry is 
also found in igneous forms. Magnetic and specular oxides of iron oc
cur as masses and as veins. They are sometimes apparently inter
stratified with rocks with which they are associated, but often also 
break across the strata. In their mode of occurrence they resemble 
trap, greenstone, and porphyry, and are therefore regarded as of 
igneous origin. Between the primary and transition systems is the 
Taconic system. 

V ANUXEM, 107 in 1842, describes the primary system as occurring in 
the northern parts of Moutgomery and Herkimer counties, the north
east corner of Onerda, and the whole of Lewis county east of Black 
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river. This system consists wholly of granite and gneiss, with which 
is associated a small quantity of limestone and iron ore. Primary 
rocks occur isolated il;l. the New York system; the first at the Noses on 
the Mohawk; the second at the little falls of the Mohawk; the third 
at Middleville. With the Taconic system are placed a lamellar white 
crystalline limestone, with specular iron ore and compact red iron ore 
and plumbaceous rocks in Lewis county. 

MATHER, 108 in 1843, gives a systematic account of the geology of the 
first district, comprising the southern part of the state. The Potsdam 
sandstone is at the base of the unmodified series. In places it is meta
morphic and has more or less the aspect of gneiss; at other times it is 
in an intermediate state, showing rounded gravel and sand. The dips 
are usually eastward at from 5° to 20° , but in the Hudson valley 
it is upturned with other rocks at a high angle toward the east. 
The Taconic system consists of slates, limestones, and granular quartz 
rocks, which form a belt of mountainous country from Vermont to 
Peekskill on the Hudson and a narrow belt across the Highlands to 
the mouth of Peekskill creek. They are again found on the right bank 
of the Hudson, between Stony point and Oaldwells landing, and range 
south-southwest until they disappear beneath the red sandstone forma
tion. The strike and dip of the rocks of this system are the same as 
those of the Champlain division and apparently underlie them. The 
dip is in a general easterly course, varying from 15° to 90°. As to the 
superposition of the formations the granular quartz either rests upon 
or pitches under the gneiss or granitic rocks. The limestones lie next 
. in order from the gneiss or granite, either in super or sub position, and 
the slates next follow. This may be found difficult of verification, as 
the rocks are almost universally much deranged from their original 
position. Many local details are described, and it is concluded thftt 
the Taconic system represents the Champlain division metamorphosed. 
In favor of this position are the facts that the succession is the same; 
that both of these systems are superimposed upon the primary withou~ 
any intervening strata; the unmodified beds are traced into those that 
are metamorphic; and the places where the rocks are most metamor
phic are those where there are intrusives and have been upheavals. 

Under the head metamorphic rocks are described such rocks as are 
not included in the foregoing, and which, while there is no demonstra
tive evidence of it, are regarded as originally sedimentary rocks, wl1ich 
have since been altered in their character so as to change them into 
such rocks as have usually been called primary. The metamorphic 
rocks are divided into two divisions, those east of the Highlands of 
the Hudson, and those of the Highlands of Saratoga and Washington 
counties. In the first district the limestones are granular, dolomitized 
and stratified. The slates are talco-argillaceous, talcose, chloritic or 
micaceous, the last predominating; and tbe sandstones are changed 
into granular quartz rock, eurite, and gneiss. In the second district 
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th~ limestones are changed to white or red, coarse grained, crystalline 
limestone, containing various crystallized minerals, with scaleR of 
plumbago, alHl rarely show any traces of stratification. The slate is 
changed to mica-slate, micaceous gneiss or hornblende-slate, and the 
quartz-rock is changed so as to be scarcely recognized as such. In the 
first class, also, the intrusive rocks bear but a small proportion to the 
altered rocks and are mostly quartz and granite, but in the second 
class the undoubted plutonic rocks abound and consist of granite, 
syenite, greenstone, augite, serpentine, diallage, and intrusive metal
liferous veins. 

The metamorphic rocks east of the Hudson and Highlands are in a 
continuous range from Bennington in Vermont to the west part of 
Massachusetts and Connecticut and the eastern part of New York. 
Between the Taconic rocks and the metamorphic rocks to the east no 
well marked line of distinction can be drawn, as they blend into each 
other by insensible shades of difference. In considering the metamor
phic rocks as a whole the descriptions necessarily include certain of the 
Taconic rocks. The strata of metamorphic rocks are very much broken, 
so that no stratum has been traced continuously more than a few miles. 
The only beds which can be traced with any degree of success are the 
limestones, which are described in detail. The limestones of Westches
ter county have the same dip and line of bearing as the contiguous 
gneiss, and like that, are distinctly stratified. They form several nearly 
parallel ranges at intervals of 2, 3, or 4 miles. They all dip east-south
east, with local exceptions, at a high angle, varying from 450 to goo. 
The metamorphic slates of Dutchess, Putnam, Westchester, and New 
York counties have been traced in different localities through different 
modifications and texture from the gray and Bemicrystalline limestones 
associated with talcose slate and the sandstone of the Taconic system, 
to the perfect dolomites and white and gray crystalline marbles asso
ciated with mica-slate and granular quartz-rock, north of the High
lands; and to still more crystalline limestones associated with mica
slate, micaceous gneiss, hornblende-slate, hornblendic gneiss, horn
blende-rock, syenite and granite, south of the Highlands. In these 
latter limestones are frequently found some mineral substances, such 
as serpentine, brown tourmaline, copper and iron pyrites, magnetic 
sulphuret of iron, mica and magnesian minerals, particularly where 
near to undoubted plutonic rocks. It is believed that all the crystal
line limestones of Vermont, Massachusetts and Connecticut and the 
eastern part of New York, arc metamorphic rocks; ~hat they were origi
nally the Mohawk limestone and Calciferous limestone, and that the 
associated rocks were originally the Potsdam sandstone and the slate 
rocks of the Hudson valley; that they were, in fact, the rocks of the 
Champlain division, but much more altered and modified by :netamor
phic agency than the Taconic rocks. 

In the study of the metamorphic rocks of the Highlands and Sara-
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toga county, as in the other district, most attention is given to the 
limestones. At Warwick the white limestone is rarely stratified or 
shows any distinct traces of stratification, but in some places it exhil'· 
its a regular gradation into the gray and blue limestone, wllich is foR
siliferons in some places and oolitic in others, and stratified in nearly 
horizontal strata. The limestones of the Highlands of Orange, Rock
land, and Putnam counties are in long narrow belts associated with the 
granite, syenite, hornblende and augite rocks and some anomalous ag
gregates. The limestones of Washington county are coarse, white and 
crystalline. They contain various imbedded crystalline and amorphous 
minerals, the most common of which are plumbago, augite, and horn
blende. Hornblende, coccolite, and plumbago are the most constant 
associates. Scapolite is not uncommon. In some places the limestone 
is so much intermixed with other materials found in the gneissoid and 
granitic rocks, that without close examination it would not be sus
pected as a limestone. Quartz is frequently found in it, transparent or 
translucent, with irregular, rounded forms, as if it had been partially 
melted. Many localities that I have visited show that it has been soft
ened, if not melted. The similarity of the crystalline limestones of tlle 
northern counties to the crystalline phases of those at Warwick which 
grade unmistakably into fossiliferous forms leads to the conclusion that 
they are all really the same rock. The limonitic and hematitic ores are 
confined to the valleys of the Taconic and metamorphic rocks and are 
usually associated with talcy slate on one side and limestone on the 
other. 

Under Primary rocks are included those usually called by that name 
and those not yet described as Taconic or metamorphic, though some 
of them are probably of the same age as the metamorphic rocks. This 
is particularly the case with the plutonic rocks, as granites, syenites, 
hornblende rocks, some of the trappean rocks, and the metalliferous 
beds and veins which have intruded themselves among and altered 
the adjacent rocks. The hornblendic gneiss, micaceous gneiss, a~d 
mica-slate may perhaps be referred to the same period. The primary 
rocks in the different districts are very similar. They i11clude granite, 
syenite, gneiss, mica-slate, augite-rock, greenstone, hornblende rocks, 
quartz rock, talcose slate, limestone, serpentine, and steatite, althoug:h 
the last five have been already included among the metamorphic rocks. 
In Rockland and Orange counties the strata dip to the soutlleast at 
angles from 50° to 90°, but there are localities where the strike and dip 
are transverse to the general directions. Granite veins are very nu
merous in tlle granitic gneiss; tlle greenstones include basaltic green
stone or trap, granular greenstone, and primitive greenstone. .Asso
ciated with the primary rocks is magnetic oxide of iron, confined to the 
southern counties of the llighla.nds and forming masses in gueiss anrl. 
hornblendic gneiss rocks which might be called beds, but which are 
thought to be veins. Their course is parallel to the layers of rock, but 
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in several instances after continuing with this paralleHsm for a certain 
distance the ore crosses a stratum of rocks and then resumes its paral
lelism, and then obliquely crosses another, and so on. Also in other 
places where there are great beds of ore, a few small strips of ore pene
trate the surrounding rockR as if they have been cracked asunder and 
these scams forced up from the main mass below. 

The rocks that are most metamorphosed are usually near granite, 
syenite, trap, quartzose and metalliferous protrusions, dikes and veins. 
It is believed that trappean injections took place as late as tile time of 
the red sandstone of New Jersey. The granitic, syenitic and augitic 
rocks appear to belong to the epoch immediately preceding the slates 
and grits of the Champlain division, since_ they have altered the pre
existing rocks where they come in contact up to that time, but no traces 
of such changes are found in the more recent rocks. Another intrusion 
of granite is believed to have preceded the reel sandstone of Rockland 
and New Jersey, being probably more recent than the rocks of the 
Catskill division. 

CozzENS, Jr., 109 in 1843, divides the rocks of Long island into gran
ite, syenite, serpentine, mica-gneiss, hornblende slate, quartz rock, 
primitive limestone and diluvium. The distribution of an is given. 
At the Palisades, on the west side of the Hudson river, the section 
from tbe base up is granite, serpentine (different ft·om that at Long 
island), sandstone, greeustone-slate and trap. Tbe section of Staten 
island from the base upward is granite, serpentine, sandstone, trap or 
greenstone, beds of iron ore and diluvium. At Donderberg the section 
is granite, gneiss, talcose slate, limestone (called transition limestone) 
and brick clay. 

EMMONS (E.),110 in 1846, gives a systematic treatment of the cllar
acter and relations of the Taconic system. The Taconic system is 
held to be below the New York system, brcause the base of the latter 
is perfectly schistose, like that of the former, and because the mate
rial of tbe New York system is derived from the Taconic. Again, 
contacts between the Taconic system and the calciferous sandstone 
and Hudson river shales show that the former are unconformably 
below the rocks of the New York system. As evidence that the 
Taconic system is newer than the primary rocks is the occurrence of 
porphyritic quartz of the Taconic upon gneiss. It is, then, not to be 
doubted that there is a system of rocks lying between the Hoosac 
mountain range and the Hudson river of an age posterior to the gneiss 
and mica-slate and anterior to the New York system. It consists 
throughout of beds of sedimentary matter in a state of fine division 
coBformable to each other and arranged in uninterrupted succession, 
although their Iithologi('al characters arc very diverse. The Taconic 
system comprises the Taconic slate-bearing fossils, tbc Gparry lime
stone, the Stockbridge limestone and the brown sandstone or granu
lar quartz. The primary limestone carries graphite, and on this account 
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can always be distinguished from Stockbridge limestone; also othe:r 
minerals, such as spinel, sapphire, idocrase, hornblende, pyroxene, 
chondrodite, and mica, are found plentifully in the primary, but do not 
occur in the Stockbridge. The rocks of the Taconic system are in
verted, greatly disturbed, and their relations with the underlying and 
overlying rocks are obscure, so that the true structure can only be 
ascertained by most careful examination. 

CREDNER,m in 18G5, states that the island of New York and the east 
part of Long island consist of gneiss, which, toward the north, con: 
tains hornblende-gneiss, hornblende-schist, syenite, and hyperstbenite, 
and in the last two are magnetite. The northern hilly part of Staten 
island consists of dioritic rocks, of serpentine, with layers of soap
stone. 

M.ACF.ARL.ANE,112 in 1865, describes the rocks in the neighborhood of 
Hossie as belonging almost exclusively to the Laurentian formation, 
which is here and there unconformably overlain by patches of Pots
dam sandstone. The rocks here found comprise micaceous and horn
blendic gneiss, mica-schist, gneiss-granite, granite, tourmaline rock, 
coarsely granular saccharoidal crystalline limestone, and diorite. The 
strata are in an almost vertical position. 

STEVENS,113 in 1867, describes New York island as consisting in the 
main of gneiss, in which lie veins and beds of granite, antlwphyllite, 
&nd hornblende. The granite occurs in veins generally coincident with 
the gneiss, but also in massive beds which lie across the strata. At 
times it is distinctly separated and in others insensibly blends into the 
gneiss. The hornblende an~ anthophyllite occur like the granite. 
Limestone occurs at several points and is interlaminated and folded 
with the gneiss. This New York group of rocks is like and regarded 
as equivalent to Emmons's Taconic. For it is proposed the name Man
hattan group. 

D.AN.A,78 in 1872, describes the mica-schist of Poughquag as underly
ing conformably the Stockbridge limestone. The mica-schist is under
lain conformably by the gneiss of the ']'aconic series. Besides the 
limestones and Taconic schists and gneiss, there is near Poughquag, 
in still more intimate connection with the quartzite 'rocks of Azoic age, 
a continuation of the highlands of New Jersey, which are probably 
Laurentian. But as this point is not definitely settled, and since the 
term Azoic has been ruled out by facts proving that th·e era was not 
throughout destitute of life, it is proposed to use for the Azoic era and its 
rocks the general term Archcean (or Archean). These Archean rocks, 
coarsely crystalline gneisses, are exposed in a deep cut on the Hartford 
and Fishkill railroad. The quartzite formation of this region shows no 
conformability to the Archean gneiss, and none to the gneiss, mica
schist, or umestone of the Taconic series. The nearly horizontal beds 
of quartzite lie on the nearly vertical Archean, and both occur within 
a few hundred yards of the steeply inclined Taconic beds. 
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LEEDS,ll4 in 1878, describes the rocks of the .Adirondacks. They are 
found to be stratified rocks which belong in the Norian system, are 
composed of hypersthene and diallage, and labradorite with menac
canite. 

DANA,115 in 1880 and 1881, considers the geological relations of the 
limestone belts of Westchester county. The rocks here found are 
divided into metamorphic rocks, not calcareous; calcareous rocks or 
limestones; serpentines and other hydrous minerals; augitic and 
hornblendic rocks not above included. Of metamorphic rocks the 
prevalent kinds are micaceous gneiss, mica-schist, ordinary gneiss, and 
granitoid gneiss. The calcareous rocks are white and coarsely crystal
line, although locally they are feebly crystalline. The hornblendic and 
augitic rocks constituting· the Cortlandt series include soda granite, 
norite, augite-norite, diorite, hornblendite, pyroxenite, and chrysolitic 
kinds. These rocks are held to be conformable with a part of the ad
joining seb.ists and limestone, which are of metamorphic origin, altb.ough 
they may have been in a former state of fusion or plasticity. The lime
stones and adjoining schists are found to be one in series and system 
of disturbance, are considered a part of the Green mountain system, 
younger than the llighland .Archean, and probably Lower Silurian . 
.At .Anusville there is evidence of unconformity between the Archean 
and this series. The limestone here lies unconformably against the 
hornblendic contorted Archean gneiss. A similar unconformity exists 
half a mile northeast, although the upturning of the limestone and its 
associated schist has usually placed them in near conformity to the 
strike of the Archean rocks. 

DANA, 116 in 1882, ascertained that a large part of the rocks referred 
to the Taconic range are shown by their fossiliferous contents to be 
Silurian and the equivalent of the Hudson river group, although it is 
not at:;serted that all of the hydromica-schists do belong here. .A part 
are Primordial. 

NEWBERRY, 117 in 1882, states that the mottled serpentine of New 
York island is like the .lHoriah marble of the Adirondack region, which 
affords strong indication of a Laurentian age of the New York and 
Staten Island rocks. 

HUN'1', 118 in 1883, describes near port Henry coarsely crystalline lime
stones in the highly inclined Laurentian gneisses, in'which are inclosed • 
irregular masses and layers of the adjacent gneiss. Although re
garded by Emmons and Mather as eruptive all(l by another eminent 
geologist as evidence that the crystalline limestone unconformably 
overlies the gneiss, it is believed to be a great calcareous vein ston~. 
The Norian, massive, bedded, labradorit]c rocks are well displayed be
tween vVestport aud pm·t Kent. 

DAN A,119 in 188±, finds that the hornblendic and augitic rocks of the 
Cortlandt series have such relations to the schists as to show that they 
are of igneous origin, the eruptions taking place subsequent to the era 
of the limestone, mica-schist, and soda-granite. 
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HALL (CHAS. E.),120 in 1885, states that between the limestones and 
the magnetic ore series or lower members of the Laurentian there 
is an undoubted unconformity; but the relations of the Labrador series 
to the limestone are not clear. In ascending order are the Lower Lau
rentian or Magnetic Iron Ore series; the Laurentian Sulphur Ore se
ries; the limestones and the Labrador series, or Upper Laurentian with 
its Titanic Iron Ores. The relations of the sulphur ores and limestone 
series are still undetermined. Between fort Ann and South bay, along 
the east side of the valley, the Silurian limestones lie against and ap
parently dip under the crystalline rocks of the Laurentian. The Pots
dam sandstone, resting on the crystalline rocks of the valley, dips to 
the eastward under the Silurian limestones. 

BRITTON,121 in 1886, states that a schistose series of crystalline rocks 
occurs in the Adirondacks. It consists of schistose gneiss, mica-schist, 
and hornblende-schist, and occurs north of Harrietstown and near the 
northern end of the Lower Saranac lake. N orite occurs at Miller's 
hotel, about a mile distant. 

JuLIEN, 122 in 1886, states that the borders of the Adirondack region 
consist very largely of thinly bedded gneisses, especially to the east
ward. 

SJ.\rocK, 123 in 1886, describes the crystalline rocks of Dutchess, Put
nam, and Westchester counties. This district is divided into four belts, 
Stissing mountain, East or Dover mountain, Highlands of the Hudson, 
and Westchester county. The prevailing rocks of Stissing mountain are 
gneisses, granites, granulite, and syenite, which resemble closely those 
of the Highlands of the Hudson. The rocks of the East mountain com
prise gneiss, granite, granulite, quartz-syenite, syenite-gneiss, and mica
schist chiefly. Between the quartzite and the gneiss, when they are 
seen close to one another, is a want of conformability. The more common 
of the rocks of the Highlands of the Hudson are gneiss, syenite-gneiss, 
granite, quartz-syenite, granulite, and hornblende-schist. The Pough
quag-Fishkill quartzite is found to rest unconformably upon the High
land gneisses, the discordance being best seen on the New York and 
New England Railroad, 1 mile west of West Pawling railroad station. 
Here the quartzite bas a dip of 15° or 20°, while the gneiss, but 300 feet 
distant, has an almost vertical inclination. Belonging with the Ar-

• chean gneisses are limestones, among which is that at Sprout brook. 
On the eastern side of the Highlands the Archean border bas the mi
caceous, schistose rocks and the quartzites resting upon it. These 
relations are particularly well shown at Towner's station. Near here 
the limestones and schists in a syncline rest unconformably upon the 
granulitic gneiss. Provisionally the rocks of the Highlands are re
ferred to the Archean. They may be all Laurentian ·also, but the Huron
ian ha8 not been identified. In Westchester county is a great variety 
of crystalline rocks. To these is applied the name Manhattan gneiss, 
proposed by Hall. These rocks are less massive than those of the 
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Highlands, include micaceous gneiss and schist, as well as crystalline 
limestones, and to the ordinary observer are more like the common 
fragmental rocks than the massive gray granitoid gneisses. 

HALL (JAMEs),124 in 1886, in describing the building stones, includes 
in the Laurentian rocks the granitic, syenitic, and gneissoid rocks, as 
well as the crystalline marbles which are everywhere interstratified with 
the gneiss rocks, but usually form a small proportion of the entire mass. 

WILLIAMS, 125 in 1886, 1887, and 1888, describes the peridotites, norites, 
gabbros, and diorites of the Cortlandt series and their relations to the 
mica-schists and limestones. They are regarded as eruptive rocks be
cause they have the structure and mineralogical composition of eruptive 
types; because their schistose phases have nothing which suggests an 
original sedimentary structure; because they occur in well defined dikes 
in other massive rocks, in mica-schists, and limestones; because frag
ments of crystalline schist and limestone are found inclosed within the 
massive rocks; and because contact phenomena are found in the crys
talline schists and limestones adjoining them. 

BRITTON/26 in 1887, describes the ~erpentine of Staten island as a 
stratified rock probably derived by the extensive alterations of lime
stones. This serpentine appears to overlie the crystalline limestones. 
These metamorphic rocks with the gneisses are regarded as .Archean. 

KEMP, 127 in 1887, describes lVIanhattan island as consisting of a long 
ridge of gneiss, with Triassic trap and sandstone on the west and con
nected with the gneiss of the mainland on the north and south. 

MERRILL/28 in 1890, agrees with Britton that the basal member of 
the pre-Cambrian of southeastern New York and New Jersey is a grani
toid hornblende-gneiss, which is followed by a second member, the iron
bearing group, and this in turn by the schistose group. The thick
ness of the pre-Cambrian rocks in the Hudson river valley is between 
2,300 and 2,800 feet. They are unconformably below the Cambrian 
quartzite and nothing more definite can be predicted as to their age. 
These rocks display a number of anticlines, two of which are those at 
Fishkill and the Storm King. In the synclinal trough between are the 
rocks of the iron-bearing group. The metamorphic strata of New York 
and Westchester counties, called the Manhattan group, are divided into 
several divisions from the base upward, as follows: (1) Yonkers gneiss, 
which is an arkose-gneiss; (2) Fordham gneiss, a quartzite-gneiss; (3) 
Inwood limestone; and (4) Manhattan ·mica-schists. The age of the 
Manhattan group has not been determined, but it is thought to be pre.
Cambrian. This group and the Lower Cambrian sandstone are both 
found to lie on the second or iron-bearing member of the pre-Cambrian 
formation, and no unconformity has been found between the Manhat
tan group and the underlying pre-Cambrian beds. Of equal signifi
cance is the lack of 'unconformability between the Lower Silurian strata 
of Peekskill hollow, Tompkins cove, and Verplanks point with the par- , 
tially metamorphic beds of the Manhattan group. 
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PUMPELLY, WALCOTT, and VAN HISE1
129 in 1890, under the guid

ance of Walcott, who had seen most of the localities before, examined 
various districts on the eastern side of the Adirondacks from fort Ann, 
south of Whitehall, to Westport. The peripheral area of this part of 
the Adirondacks was found to be a great series of laminated rocks, 
consisting for the most part of white and red, regularly laminated 
gneisses, very frequently garnetiferous, and in lesser quantity of gar
netiferou8 quartz-schist, crystalline limestone, graphitic gneiss, and 
beds of magnetic iron ore, dipping as a whole at rather a flat a11gle 
toward the east and southeast. The garnetiferous quartz-schists were 
found in rather persistent beds. A graphite mine in the neighborhood of 
Hague is a layer of very graphitic gneiss, comparable, as said by Wal
cott, to a coal seam in an ordinary bedded succession. Scales of 
graphite are uniformly disseminated through the coarsely crystalline 
limestone, the amount often being very considerable. Below the 
crystalline limestone is a coarse black hornblendic gneiss, the contacts 
between it and the limestone being of a most extraordinary character. 
The plane between them is one of great irregularity. In the limestone 
are contained numerous fragments, and even great bowlders of the 
gneiss, and also for a distance of some feet away from the contact are 
numerous crystals of feldspar. The appearance is such as to. suggest 
very strongly that here is an unconformable contact, the limestone 
being deposited along an encroaching shore line. The phenomena are, 
however, probably due to the hreaking up oflayers of gneiss and veins of 
pigmatite by powerful dynamic movements. In passing from West
port within a short distance appeared coarse gabbro, which continued 
as far as the region was penetrated, near to mount Marcy. This rock 
in the interior is generally massive, but on its outer border grades into 
a regularly laminated rock, resembling in exposure very closely the 
laminated gneisses. The whole is, however, clearly an eruptive rock. 
Granite was seen locally associated with the grreisses. 

WILLIAMS and VAN HrsE,130 in 1890, examined the western side of 
the Adirondacks. Just as on its eastern side, there was found ape
ripheral succession of regularly laminated gneis~es and crystalline lime
stones of great thickness. The latter is particularly well seen in the 
neighborhood of Gouverneur. The contacts between the limestones 
and lower gneiss were found to be almost identical with those on· the 
eastern side of the mountains, but the appearance here strongly sug
gests that the relations have been produced by interior movements of 
the rocks, the irregular contact surface being a contorted one as a re
sult of folding, and the contained fragments broken off and included in 
the limestone by means of dynamic action. The interior of the Adiron
dacks was here found to consist of gabbro, in every respect like tl1at 
on the east side of the mountains. 

In passing inward from the gneissic series this is :first found in small 
qu~ntity, then appears more and more abundant, until :finally it be. 
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comes predominant. At Bonaparte lake a contact of the gabbro with 
the limestone was found which showed all the characteristics of an in
trusive rock, the limesto11e giving evidence of contact action. There 
were found, both in the limestone and in the gabbro areas, smaller areas 
of coarse red granite. 

As a result of the reconnaissance it was concluded as probable that 
the Adirondacks core is an eruptive basic rock, which has upthrust and 
intruded itself within the gneissic series. Because of the character of 
the gneissic series, containing quartz-schist, graphitic schist, and 
crystalline limestone, including graphite, it is regarded as having been 
originally clastic. Its present crystalline character and quaquaversal 
arraugement is doubtless due to the intrusion of the gabbro. It thus 
appears that there is in this region a great bedded succession which 
belongs to the Algonkian system. The lowest coarse grained gneiss 
inferior to the limestone perhaps belongs to a still earlier series, but 
this is a point upon which closer studies are needed. 

LITERATURE OF NEW JERSEY. 

V A.NUXEM and KEATING, 131 in 1821, state that the country around 
Franklin is composed of syenite which is found in beds or layers of varia
ble thickness, running in a direction parallel to that of the ridge. A white 
limestone forms a bed with eminently crystalline structure, the inclina
tion, direction, and dip of which are the same as those of the syenite. 
This limestone has been traced for a distance of 8 miles, and, although 
the limestone is subordinate to the syenite, masses of the latter are founu 
in it. A~ Franklin, next to the syenite, are found masses of graywacke, 
which, on the road from Franklins to Dr. Fowler's, is seen to be super
imposed upon the syenite and is evidently a later formation. About 
a quarter of a mile below the furnace it is covered with a violet lime
stone which rests upon it in parallel superposition. This limestone and 
that associated with the syenite are not of contemporaneous origin, 
but the blue limestone is a real mantle-formed superposition. 

PIERCE/32 in 1822, describes the Highland ranges as primitive, with 
the exception of an isolated transition region. The rocks here included 
are granite, gneiss, and syenite, while in the transition are found gray
wacke, graywacke-slate, chlorite-slate, and limestone. 

RoGERS (H. D.),133 in 1840,givesasystematic accountofthePrimary 
rocks of New Jersey. These are almost exclusively of the stratified 
class, consisting of gneiss under all its forms, the granitoid variety 
predominating. Innumerable small veins of feldspathic granite, sye
nite, greenstone, etc., penetrate the gneiss. The gneiss is comparatively 
seldom of the schistose kind. Mica is deficient, the usual mixture be
ing either feldspar or quartz with a little mica, or these minerals with 
nn excess of hornblende, and hornblende and magnetic oxide of iron, 
the latter being so abundant as to be a characteristic constituent. It 
occurs not only as an occasional ingredient of the gneiss, but in great 
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dikes or veins penetrating the strata. The massive granitoid gneisses 
of the Highlands. are in striking contrast with the gneiss belt of New 
York and Staten island, which reappears at Trenton and ranges through · 
Pennsylvania and Maryland, which is distinguished by the prevalence 
of mica and other thinly laminated minerals, imparting to the rock a 
schistose structure or the thinly bedded character of ordinary gneiss. 
The massive strata are, upon the whole, decidedly less than in the 
Philadelphia belt. They are usually highly inclined, the average dip 
exceeding 45o. In many of the principal ridges an anticlinal arrange
ment is plainly visible. 

There are three main axes of elevation in the granitic area rising above 
the secondary sandstones and limestones. The metalliferous veins 
generally coincide with the direction of the strata in strike and dip, 
but they exhibit many minor irregularities, such as frequent change in 
thickness and deviation from the direction of the strata, and are 
regarded as unchanged matter. · The gneiss formation of Trenton has 
a steep inclination, about 70° to the southeast, and rests unconform
ably under the more recent formations, and is regarded as the equiva
lent of the gneiss of Manhattan island. 

The blue limestone belonging to the older secondary strata has often . 
3( secondary cleavage correspoi;lding with the slate to which it is adja
cent. Associated with these limestones are various igneous rocks 
which have locally caused it to become crystalline and have developed 
within it plumbago and various silicates. Often these crystalline forms 
of limestones are associated with the metalliferous veins, which are 
regarded as the cause of its crystalline character. 

JACKSON,134 in 1854, maintains that the New Jersey crystalline lime
stones are of igneous origin. 

KITCHELIJ,135 in 1856, places the formations of the Highlands in .the 
Azoic system. These include gneiss, horn blendic, micaceous, feldspathic, 
and quartzose schists, and white crystalline limestone interstratified 
with seams or layers of magnetic iron ore. These rocks are traversed 
by numerous intrusive di~es of granite and syenite; the strata are 
highly metamorphic; exhibit violent dislocations; their general strike 
is northeast and southwest, the same as the intrusive dikes, and their 
dips southeast. In addition to their distinct stratification they exhibit 
planes of cleavage fr·equently at right angles to the former and gen
erally inclining toward the northeast at an angle varying from the 
horizontal to 45°. At one place limestone rests unconformably upon 
the gneiss. 

OooK,I:J6 in 1868, places under t.he Azoic rocks the gneisses, crystal
line limestone, and beds of magnetic iron ore. The crystalline lime
stone in every case is conformable to the gneiss and interstratified 
with it. It is not, as supposed by Rogers, the metamorphosed blue lime
stone. The iron ores, instead of being igneous, are believed to be true 
beds which were deposited as sediments in the same way as themateTial 
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of the gneiss rocks. The gneiss is divided into four principal belts. The 
Azoic formations, with trifling exceptions, are stratified. Usually they 
ar;e inclined a good deal, but the dip varies from zero to goo. The 
axes of the folds are generally in a northeast and south west direction. 
Some of the rocks are so thin bedded as to be schistose, while other por
tions are so thick bedded that for long distances it is almost impossibl~ 
to tell which way the rock dips. The gneiss is cut by veins and dikes 
of trap and granite. The Azoic rocks of Trenton are much more like 
a true gneiss than those of the Highlands. The Potsdam sandstone, 
the base of the Paleozoic, is found resting unconformably upon the 
Azoic gneiss at Franklin furnace and at Green pond mountain. The 
relations of the two rocks are such as to make it certain that the sand
stone is later than and unconformably upon the gneiss. The Franklin 
furnace sandstone is capped by the blue magnesian limestone, which 
is equivalent to the calciferous sandstone of the New York reports. 

CooK7
137 in 1873, gives the four Azoic belts of New Jersey the names 

Ramapo, Passaic, Musconetcong, and Pequest. In the first and last are 
found numerous bands of interlaminated limestones, but in the others 
these are not known to occur. Lithologically the greater portion of the 
Azoic rock is syenite-gneiss. There is no way of identifying it with the 
Laurentian or Huronian of Canada. As to origin all are agreed that 
these Azoic syenitic gneisses are sedimentary. The crystalline lime
stone of the Ramapo belt is associated with the serpentine, sometimes 
in large quantity. 

CooK, 138 in 1883, states that the rocks of the Highland include gran
ite, syenite, several varieties of gneiss, crystalline limestone, and mag
netite, with rare species of various schists and some serpentine. The 
strata dip to the southeast at an angle of from 45° to 8oo, although it 
is often difficult to determine the directions of strike and dip positively 
because of the massive character of the rock. The ranges are regarded 
as anticlinal· folds in general, although this is not probably true in 
every case, and the valleys are synclinal. The massive syenites, gran
ites, and traps arc very limited in quantity, and they are perharlS a part 
of the stratified beds in which stratification has been obliterated, 
although granite and syenite dikes are found traversing the bedded 
gneisses. 

DARTON7
139 in 1883, states that at Sparta granite cuts across the 

limestone beds and may be in. true veins. 
CooK/40 in 1884, finds that besides the southeastern dips northwest 

dips occur. There is difficulty in separating the stratified from the un
stratified rocks, as nearly all the glaciated ledges look like massive 
rocks. The relations of the syenite rocks and gneisses are not made 
out and it can not be asserted which are the older, but these granitoid 
and syenitic rocks are surrounded by stratified gneisses and other crys
talline rocks. To the Highlands the term Archean is applied because 

Bull. 86-26 
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it docs not .11ecessitate any correlation or theory, as would the use of 
Laurentian or Azoic. 

BRI'I.'TON, 141 in 1885, states that few, if any, of the ridges are siniple 
anticlinal folds, the southeast dips being generally as prevalent on one 
side of the mountain as on the other, though often differing percepti-

, bly in degree. The crystalline limestones do not represent the blue 
magnesian limestone metamorphosed by granite and syenite. The sup
posed dikes of granite are strata conformable to the white limestone, 
as are the iron and zinc ore beds contained in it, all geologically older 
than the blue limestone with the quartzites and slates composing the 
Lower Silurian system. The conclusion is now reached that the un
stratified rock masses underlie the bedded crystalline rocks, although 
the line of separation is but poorly defined, as the stratified rocks of 
the same mineral composition commonly occur on the sides of the mas
sive area with an apparent gradual passage between the two, and at 
no point was any actual unconformability found, although at some 
places abrupt changes in the lamination have been obs~rved within 
short distances. This leads to the conclusion that the massive beds 
are only so because stratification has been wholly destroyed through 
greater m,etamorphism. The schistose series commonly have a steeper 
dip along their southern margins thi:m along their opposite sides; thus 
the axial planes of the folds are often inclined toward the southeast. 

While the Potsdam and Paleozoic rocks are unconformable upon the 
Archean, the newer rocks are tilted in such a way as to show that fold
ing has occurred since they were deposited. ....L\..t only a few places are 
actual junctions found, the two more important being in Owens island, 
in Sussex county, and at Franklin furnace. At several localities the 
relations are perplexing, for the quartzites and conglomerates are so 
heavily feldspathic that near the junction they appear to grade gradually 
into the older rocks, fragments and masses of which are included in them. 
Along the southeastern margin of the Highlands the Silurian is crys
talline, including crystalline limestones and.hydromica-slates, and here 
the unconformity is much less pronounced, no satisfactory contacts 
being known in New Jersey. At Pompton the slate ledges have nearly 
the sam.e clip and strike as the nearest Archean outcrops. At Peeks
kill hollow and Annsville cove, in New York, the slates and quartzites 
and crystalline rocks appear to be directly conformable, the strata hav
ing been subjected to an overturn an~ causing the quartzite to dip. 
under the older rocks, and it is difficult to say where the line of sepa. 
ration is. 

BRI'l'TON, 142 in 1887, divides the Archean rocks into a massive group 
an iron-bearing group, and a gneissic and schistose group, which is also 
believed to be the order of superposition, although there is a gradual 
change from one sedimentary rock into the other. While the massive 
rocks are but faintly laminated, there is no evidence adducible in favor 
of an if,{neous origin for them, but all indications point to their deposi-

' 
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· tion as sediments of one kiud or another, and to the more or less com
plete obliteration of the bedding planes by excessive metamorphism. 
'rlw beds of magnetic ore occur in different horizons of the middle 
group, lmt never occur in the highest or lowest. In this same group 
t1Je beds of crystalline limestone appear generally to be at a slightly 
llig-her horizon than the magnetite beds. The highest gneissic and 
schh;tose group corresponds very well in character with tlle Montalhm1 
system of Hunt. These rocks are like those of Trenton and West·· 
chester counties in New York. Among the eruptive rocks are placrd 
those which occur in dikes, such as diorite, diabase, kersantite, and 
porphy1·y. 

B lUT'l'ON, w in 1888, describes as occurring in the Archean of New 
Jersey au organic form, apparently algm, to which he applies tlw name 
Archmophyton newberryanmn. 

NAsoN, 144 iulSDO, describes the Archean of New Jersey. Here are 
found four types of rock: The mount Hope type, a foliated magnetitic 
gneiss, the magnetite sometimes largely replaced by hornblende, with 
little mica; the Oxford type, foliated hornblende-gneiss, magnetite and 
IJiotite in places almost wholly replacing the hornblende; the Franklin 
type, a less foliated biotite-gneiss; the Montville type, white or crys
talline limestone. The Franklin type differs from the mount Hope and 
Oxford types in that tlw quartz and feldspar are usually in sharply 
angular grains, which coutrast with the roundish grains of these min
erals in the first two types. The crystalline limestone is placed under 
the Archean only provisionally. As tl1ere are apparently many reasons 
why it sl10ulcl be considered of more recent origin, there is greater 
reason for supposing that if a part of it proves to be Archean all will 
not. This rock is found at Montville, Wanaque, Pequest furnace, 
Jenny Jump mountain, Oxford church, and :Mendham. No actual con
tacts between the different groups have been found. The distribution 
of the various types is described in detail. Whether the gneisses are 
sedimentary or eruptive has not been ascertained, but there are many 
localities in which true eruptive granitic rocks inclose within their 
masses fi·agmeuts of the adjacent schistose and gneissic rocks. Also 
in the Archean is frequently· found gabbro which is almost certainly 
of igueous origin. Graphite is found to be widely separated in the 
Archean rocks. At one place, commencing at the old gra1)hite mine 
near South bridge, it is found continuously for 35 miles. A similar 
rock has been found at Iona island in the Hudson river, 35 miles north
east. Another line is found on Bald hill, aud a thlrd graphite gneiss 
is found on a hill east of Pompton station and in part of the range of 
Ramapo mountains. Also, graphite occurs at other places. 

NASON, 145 iu 1891, describes the relations of the white and blue lime
stones of Sussex county, New Jersey. They are found to grade into 
each other at many points. The white limestone is always associated 
with later granitic eruptions. In passing away from a boss or dike 
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the ·limestone is white, but changes steadily with rapid gradations into 
the blue limestone. Sandstones and quartzites of identical character 
underlie both the white and blue limestone and bind them together. 
The one distinguishing fact which separates the white from the blue lime
stone is the presence of eruptive rocks. It is therefore concluded that 
the two are identical. As the blue limestone belongs to the Cambrian, 
it is concluded that in this region there are no Archean limestones, as 
has been supposed. 

LITERATURE OF PENNSYLVANIA. 

FINCH, 146 in 1824, finds, near Easton, syenite, serpentine, and transi
tion limestone, transition granite, transition clay-slate, and transition 
sandstone. 

FINCH,147 in 1828, finds a section from Chads fork to Westchester to 
include gneiss, mica-slate, hornblende-slate, primitive sandstone, and 
transition quartz rock. 

RoGERS (H. D.)/411 in 1858, gives a systematic account of the meta
morphic rocks of Pennsylvania. These are divided into three main 
divisions : the gneissic series proper, or Hypozoic; Azoic, or those des
titute of relics of life, and Paleozoic. The Hypozoic rocks only are 
placed with the primary. The Azoic schists are regarded as newer 
than the Hypozoic, because of differences in the position of the two sets 
of strata, in condition of metamorphism, and in manner of plication. 
The former dip almost invariably to the southeast, while the gneiss in 
many localities has no symmetrical folding. These dissimilarities imply 
essential differences in the directions and dates of the crust movements. 
The Azoic rocks, however, when they show the maximum amount of meta
morphism, simulate in mineral aspect and structure those of the gneissic 
series. The old strata are then separated into three systems by two 
main horizons, the lower, a physical break between the Hypozoic and 
Azoic; the upper, a life limit denoting the first advent, so far as discov
ered, of organic beings. 

The gneissic rocks are separated structurally into three districts: 
First, the area running southwestward from Trenton, through Phila
delphia; second, the area between the Schuylkill and the Susquehanna, 
north of the first area; and, third, the South mountain region, a contin
uation of the Highlands of New Jersey. The Philadelphia belt is inter
sected very extensively by eruptive rocks, such as granite, greem;tone, 
syenite, and trap. The second or middle belt is sometimes called the 
mica-schist belt, because of the amount of this mineral which it con
tains. The upper or northern belt of gneiss is regarded as a part of 
the lower Primal rocks and as resting unconformably upon the upper 
gneissic group, the belief being based upon the manner of the flexure 
of the two formations rather than upon actual unconformable contacts. 

In the Philadelphia belt there is a general prevalence of the north
ward dip of the strata, varying generally from 30° to 50°. At Fa:tr. 
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mount the true dip of the rocks is very steep, although there is a decep
tive appearance of a nearly horizontal stratification in thick and almost 
ptLrallel beds; but this is not to be confounded with the genuine strati
fication or grain of the rock as marked by the general distribution of 
its mica and other minerals. In this belt there are really two groups 
of rocks, which, viewed broadly, constitute one synclinal wave. The 
lower is a harder feldspathic and hornblendic gneiss at the south side, 
dipping northward, and reappearing in steep and multitudinous con
tortions on the other side of the trough; and the upper is a more mica
ceous group filling the synclinal center of the trough and compressed 
into lesser folds. 

In the middle division the rocks are mostly of the granite-like varie
ties of feldspathic gneiss, with hard hornblendic gneiss, such as consti
tute the central ridges of the South mountain. These are believed to 
be in a series of anticlinal and synclinal waves, and in addition to the 
folds there is a series of folds along which the iron-ore deposits are 
found in V-shaped masses. 

The northern or South mountain zone is composed of massive or thick
bedded gneisses, with which is no talcose slate, or else the Primal 
white sandstone, the lowest member of the Paleozoic. The limestone 
associated with the gneisses is generally found in the synclinal valley. 
The gneisses are regarded as stratified, dip to the southeast, and, as the 
breadth of the chain is so great, the structure is believed to be due to 
overturn :flexm·es. 

On the Delaware section is found the best evidence of unconformity 
discovered between the semicrystalline rocks called Primal and the 
gneiss. In one case here the Primal siliceous slates and quartzites are 
a porphyritic and crystalline quartzose conglomerate. Below this is 
an arch or wave of granitoid gneiss containing injections of syenite; 
and the dip of the gneiss seems also to be steeper than that of the 
Primal conglomerate. The relations are, however, best seen at Durham 
creek. Here at one place the sandstone, slates, and conglomerates rest 
with their beds almost perpendicular to the lamination of the gneiss. 

The lower part of the Paleozoic rocks are Primal crystalline schists, 
or the Azoic group; Primal conglomerate; Primal older slate; Primal 
white sandstone, Potsdam of New York. The Primal series contains 
but few eruptive rocks, even trap dikes being uncommon, which is 
regarded as proving that the metamorphism is due to heated gases 
through fissures rather than to the contact of igneous material. 

The Primal southern belt is first considered. At Attleboro there is 
no marked discordance between this and the gneissic series which 
is supposed to be older. East of the Schuylkill and in Montgomery 
county, the observer is very liable to confound the lowest Primal beds 
with the uppermost hornblendic feldspathic layers of the adjacent genu
ine gneiss. West of the Schuylkill the Primal slates are of so crystal
line a character that it is sometimes difficult to distinguish the strata 
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from certain forms of the more micaceous beds of the true gneissic or 
Hypozoic. It is impossible to subdivide the members of the Lower 
Primal group in southern Pennsylvania, because of a prevailing trans
verse cleavage, which extensively effaces all clear traces of the original 
bedding, and because of the presence of innumerable plications, often 
so closely compressed as to ap,pear as only one uniform dip, the anti
clinal and synclinal foldings in many cases escaping d·etection through 
the obsmrring influence of cleavage1 and because of mutations in the 
composition of the beds. The rocks between the Primal white sand
stone and the genuine gneiss then include talcoid siliceous slate, 
talco-micaceous slate, and schistose and quartzose micaceous rock. On 
the-Brandywine the massive gneisses and finely laminated material are 
interlaminated in such a way as to lead to the conclusion that the lat
ter are closely infolded in the older metamorphic series. In the Primal 
of Susquehanna and York counties, the true bedding is very obscure, 
being almost obliterated. 

In passing south,vard on the Susquehanna the rocks become steadily 
more crystalline, until they are so altered as to have been hitherto 
mistaken for the true Hypozoic. The precise line of contact af the lime
stones with the slates is not clearly visible at times; indeed, there 
·seems to be no line of sudden transition. The cleavage planes are in 
general parallel with those of the original bedding. The dips on this 
river are steadily in a southeast direction for a distance of 7 or 71- miles, 
and it is believed that the rocks consist of many compressed folds which 
repeat the same strata many times over. Southwest of the Susquehanna, 
in the South mountains, in .Adams, Cumberland, and Franklin counties, 
is an extensive area which is placed with the Primal series. It is a 
continuation of the Blue ridge of Maryland and Virginia. There are a 
few intrusive rocks, mostly of greenstone and trap. Some of the rocks 
are yery crystalline, but none are regarded as belonging to the gneiRsic 
series. In this series are found limestones associated with iron ore. 

LEEDS,149 in 1870, states that on the Germantown railroad, 3 miles 
from Philadelphia, in the micaceous schists are imbedded huge bowl
ders of hard, compact hornblende rock. They are supposed to be a 
primitive surface formation which was broken up before the deposition 
of the metamorphic rocks of undetermined age. 

FRAZER/50 in 187G, descrihes several sections in York and .Adams 
counties. Here are included hydromica-slates and hydromica-scbists, 
chloritic rocks, quartzite, quartz-slate, gneissoid mica-schist, limestone, 
and chert. Several sections show an unconformable contact between 
the York limestone and the crystalline schists. The latter usually 
dip at a high angle. 

FRAZER,m in 1877, describes cross-sections in the counties of York, 
Adams, Cumberland, and Franklin. In South mountain the structure 
is found to be essentially the same as that given by Rogers, except 
that it also contains limestone. In one section is a thickness of over 
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17,000 feet of quartzite and sandy shale and about 2,000 feet of chloritio 
slates. In another section the rocks observed are quartz-conglomer
ate-schist, jaspery qua1·tzites, crystalline schists, and orthofelsites. 
The relations seem to show an unconformability between the older 
(Huronian?) orthofelsites and schists and the more recent (Cambrian~) 
sandstone, but it would seem additionally to imply that the alignment 
of the one system was the re~mlt of causes entirely different from and 
anterior to those that formed the other. In another section the rocks 
increase iu felsitic character to the southeast and in conglomeratic 
schistose character to the northwest. It is concluded that the South 
mountain chain is composed of two groups of rocks, the lower consist
ing of quartz-conglomerates in which quartzite occurs; the upper fel
sitic in character, containing hydro-mica schists and chlorite-schists. 
The felsite itself ranges from a sandy slate to a coarsely porphyritic 
rock. 

HuNT, 152 in 1R77, states that near Conshohocken is a belt of Lauren
tian gneiss identical with that of the South and Welsh mountains, that 
separates the Philadelphia gneisses and mica-schists, which are Mont
alban, fl'om the Auroral limestone. The Lalu'entian gneiss is succeeded 
on the northeast by serpeutiues, chloritic schists, micaceous schists, 
and argillites, which are typical Huronian rocks. The intermediate 
position of the 1Iuronian seems to show that it is below the Montalban. 
The Primal and Auroral are tbe I .. ower Taconic of Emmons. South of 
the Susquehanna, South mountain rocks again appear and stretch 
south ward to the Potomac. They here consist of Moutalban and Huron
ian rocks. In the southern part of Pennsylvania are bedded petrosilex 
rocks, often jasper-like, which are associated with characteristic rocks 
of the Iluronhtll series, to which tile~ are all referred. 

PRIME,153 in 1878, dm;cribes gneiss and mica-schist in Lehigh county 
as Laurentian. A little west of Seller's quarry the Potsdam. sandstone 
and IJmuentian rocks are seen in contact. The dips of tile two seem 
to be conformable, but this may be wrong, as the exposure is small and 
the gneiss apparently h~s a slight roll. The gneissic rock is here dis
tinctly bedded. 

FRAZER/5-t in 1880, includes in the post-Eozoic series of Lancaster 
county calcai·eous argiUites, nacreous slates, hydro-mica-schists, childs 
quartzite, and cltloritic series. In the Eozoic series is placed the 
mica-schist and gnei:-;s belt. Between this series and the previous one 
there is no certain evidence of nonconformability, the transiti011 from 
one rock to the other being gradual and the line between them difficult 
to define. 

FRAZER, 155 in 1880, states that the chloritic series pass into the Peach 
bottom slates within a breadth of a few hundred yards, and equally 
abruptly into chlorites again, and finally into greenish chloritic quartz
ite, in all respects like those of the South mountain. If the Peach 
bottom slates are Hudson river age as supposed, a difficulty is here 
presented. 
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HALL (OHAS. E.), 156 in 1881, describes Philadelphia county and the 
southern parts of Montgomery and Bucks. The schistose rocks are 
placed in the three belts as divided by Rogers, but there is an inter
mediate belt between the first and second belts of Rogers. The first 
belt is made up of gray schistose gneiss, composed of quartz, feldspar, 
and brown or black mica, with occasional garnets, interlaminated with 
occasional beds of black hornblendic slate and fine grained sandy 
gneiss. The second belt is characterized by serpentine, soapstone, 
silvery micaceous garnetiferous schists, light colored thin bedded sandy 
gneisses, with disseminated light colored mica in minute flakes. The 
third belt is composed chiefly of quartz, feldspar, and hornblende. 
The beds are often massive, but usually have thin bands of mica or 
hornblende through them. They are syenitic and gneissic granites 
or granitic gneisses in which is found a peculiar 'variety of ·blue 
quartz. The prevailing northward dips of the schists and gneisses 
of the first and second belts do not hold for the third. The Primal 
sandstone (Potsdam), wherever it occurs, invariably rests upon the 
rocks of the third belt, and its sandstones and conglomerates are in
variably composed of debris from this belt, and in it is found not a 
single :flake of mica, quartz, or other material which can belong to the 
first or second belts. For considerable distances the Primal rocks are 
found between the third belt and the schists of the second belt. At 
the Schuylkill the rocks of the first and second belt rest upon and 
against the rocks forming the third belt. The third belt is regarded 
as Laurentian and the first and second belt are assigned a positidn 
above the Primal Potsdam sandstone and the Auroral limestone. In 
the midst of the roofing-slates of the Susquehanmt river occur Hudson 
river fossils, and the first and second belts are referred to or above the 
Hudson river group, while the thiru belt is referred to the Laurentu.,n. 

LESI. .. EY/57 in 1883, describes in the southern part of Northampton 
county the continuation of the Highlands of New Jersey. There are 
in this region four ranges. In the valleys are limestones, the strat
ification of which is visible everywhere but is much broken a.11d 
crumpled. The stratification of the gneiss or syenite beds of the moun
tains is, on the contrary, rarely to be seen and can only be judged from 
topographical features. Dips are hard to find, owing to the genern1 
decomposition of the rock surfaces of the country, to the amount of 
debris on the surface, to the vegetation, and to the massive and ho
mogeneous character of the beds where the true bedding plane has 
sometimes been made out by observing the parallel arrangement of the 
minerals. The South mountain gneisses evidently belong to a different 
system from the Philadelphia belt and they are comparable with the 
Laurentian system. Why they are not covered by Huronian or Cam
brian rocks is not known. If the views of Hall are accepted that the 
Philadelphia belt underlies the Potsdam an~ overlies the Philadelphia 
syenites, it is hard to see why they do not appear between the Potsdam 
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and gneisses at South mountain. The ridges, instead of being simple 
anticbnes, are a series of anticlines and synclines. .At ]\forgan hill 
there is discordance between the dips of the Potsdam a.nd the gneiss, 
showing apparent nonconformity. The syenite rocks underlie the lime
stones, which may represent residuai material which has not been re
moved by erosion. The crystalline character of these outlying ridges 
of limestone may be explained by the fact that the material has been 
buried 30,000 or 40,000 feet below the surface. .At Chestnut hill gap on 
the Delaware, the Potsdam sandstone is sometimes vitreous and over it 
are limestones changed into crystalline dolomites holding serpentines. 
In contact with a dike of coarse granite near the south side of the 
gap the slates are changed into chlorite, mica-slate, and hornblende
slates, but in the coarser grits the original pebbles are se~n. 

HALL, (CHARLES E.) 158 in 1883, describes many localities of slates, 
gneisses, and granites in the South mountain area. 

D'INVILLIERS, 159 in 1883, states that the existence of anticlinal and 
synclinal folds in the South mountain belt of Berks county is suggested 
by the alternate anticlinal and synclinal belts of limestone and slate, 
but it is not conclusively proved, for these formations belong to differ
ent systems of rocks, and no doubt lie unconformably upon the older 
mountain rocks. The South mountain rocks are gneisses and granites, 
which are of two kinds, a distinctly stratified, thick bedded, massive 
gneiss, and a stratified syenite where hornblende is predominant. The 
eroded edges of the Potsdam sandstone run along the northern slope 
of the belt overlying the gneissoid rocks. 

HALL (U. E.), 160 in 1885, places the syenites of Delaware county with 
the Laurentian. Overlying these are the micaceous and garnetiferous 
schists, these relations being well exposed at Chester creek. The cleav
age dip varies :fr·om 75° to 90°, but the true dips are nearly horizontal 
and undulating, which fact tends to reduce the hypothetical thickness of 
the crystalline rocks of southeastern Pennsylvania to a minimum. The 
serpentines occupy shallow synclinal basins and are the most recent of 
tlle metamorphosed rocks. East of the Schuylkill river, outside of Del
aware county, the schists rest upon the upturned edges of the Potsdam 
and limestones, proving the relative age conclusively. The serpentines, 
mica-schists, and gneisses are regarded as more recent than the Hudson 
river group. In this schistose series one kind of rock gradually fades 
into the next succeeding kind, which renders a delineation almost im
possible. 

FRAZER,161 in1885, states that at Hendersons station, in the Phila
delphia region, there is an unconformable contact of the limestone with 
the sa,ndstone; and that in the section here there is a series of gentle 
folds rather than a monoclinal structure, as made out by Hall. 
FRAZEl~, 162 in 1886, describes the Archean rocks of York county. The 

lowest mem hers of the Archean series here found are the Huronian 
schists, which have a thickness of 14,400 feet. .A somewhat arbitrary 
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division is made between the lluronian and the next following age, 
the rocks of which are denominated Azoic schists or phyllites, as they 
can not b~ certainly assigned either to the Archean or to the Paleozoic . 
.A belt of them is found on either side of the broad Huronian area of 
the crystaHiue schists. 

RAND, 163 in 1889, dmwribes a section of the crystalline rocks from the 
Triassic of Chester county, Pennsylvania, to the Cretaceous of New 
Jersey, 1)assing tllrough Philadelphia. The rocks are doubtfully re
ferred to various horizons, running from the Laurentian to the Hudson 
river. 

LITERATURE OF MARYLAND. 

DuCATEL and ALEXANDER, 164 in 1834, describe the Primary rocks as 
one of the chief divisions. These include the following formations: 
Granite, gneiss, limestone, and serpentine. 

AnnN/65 in 1834, states that granite and primitive schists are inter
mh1gled in every possible manner in the region west of Baltimore, 
the dips being with a good deal of regularity toward the southeast. 
Succeeding the primitive rocks are transition slates, sandstones, 
limestones, and greywackes interstratified with transition limestones. 

DUOATEL,166 in 1839, states that the limestones of Harford and Balti
more counties occur in the valleys. In tbe northwest part of these 
counties the rocks are argillites, which pass into talcose slates, and 
the~e arc succeeded by granitic aggregates in which hornblende is the· 
prevailing rock. 

TYSON,167 in 1860, classifies the rocks of Maryland into those of 
igneous and aqueous origin. In the former are granite, syenite, mas
sive quartzite, porphyry, amygdaloid, trap (including hornblende rock 
or amphibolite), and serpentine. The rocks of aqueous origin include 
chemical deposits, among which are limestone and dolomite; mechanical 
deposits, among which are sandstone, conglomerate, breccia, clay-slate, 
shale, and clay; and metamorphic rocks, among which are gneiss, mica
slate, hor11blcnde-slate, talc-slate, quartzite, granular limestone, and 
dolomite. The rocks of igneous origin are defined as those which give 
no evidence of stratification. These are found in the area about Balti
more, mingled with the sedimentary rocks. In the limestones in many 
cases the stratification has been obliterated. Gneiss is the most largely 
developed of the rocks iu the central part of the state. While there is 
usually ample C'vidence of stratification in gneiss, in some localities it 
has been so much altered by the joint action of heat and intrusive 
forces as to have nearly obliterated its stratification planes and cause it 
to resemble granite. The four lowest formations of Maryland are 
eruptive; the .fifth formation is composed of gneiss, mica-slate, and 
hornblende-slate, which includes the intrusive rocks of the first four 
formations and a portion of the limestone. . These rocks occur as a 
belt in Cecil, Harford, Baltimore, Howard, and Montgomery counties, 
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and are bounded on the northwest-or, more correctly speaking, pass 
by insensible shades of difference into the talcose slates. Near the 
southwestern limit the prevailing rock is gneiss, which is interlami
nated with hornblende-slate. In proceeding northwest mica-slate in
creases in quantity, and in passing still farther this mica-slate passes 
into talc-slate. The metamorphic limrstoues are found in two ranges; 
the first, the gneisses and mica-slates; and second, the talcose slates. 

WILLIAMs,1611 in 1886, describes the gabbros and associated horn
blendic rocks of Maryland. These are all found to be of igneous origin 
and the schistose hornblendic rocks the result of metamorphism. 

WILLIAMS, 169 in 1891, describes the structure of the Piedmont plateau 
in Maryland. The western part is a semicrystalline area consisting 
of phyllites, sandstones, marbles, and but few eruptive rocks. The 
eastern area is completely crystalline. The sedimentary rocks in
clude biotite-gneiss, biotite-muscovite-gneiss, muscovite-gneiss, mica
schist, quartz-schist, conglomeratic quartz-schist and dolomitic marble. 
Within this area are very numerous eruptive rocks, including granites, 
gneisses, gabbros, diorites, and basic rocks, such as pyroxenite, lherzo
lite, etc. Two sections are described in detail. In the semicrystalline 
rocks a cleavage is developed which much obscures the bedding, and 
the succession may be repeated many times by folds and faults. Be
tween the scmicrystalline and completely crystalline rocks there is a 
somewhat abrupt passage. The structure of the western area can be 
accounted for by a single period of folding, while the eastern area, as 
shown by its implicated structure, must have been wrenched, folded, 
and faulted at different times. It is concluded tltat the eastern area is 
composed of rocks far more ancient than the western, which extend 
under the latter, forming the floor upon which they were deposited. 
This hypotltesis accounts for the difference in crystalline character be
tween tlte rocks of the two areas, for the abruptness of their contact, 
and, since both series have been subjected to a folding together, for 
their apparent conformity along their contact. As to the age of the 
rocks, it is probable that the Paleozoic should include all the semicrys
talline schists, while the holocrystalline rocks east of them would be 
assigned to the Algonkian or Archean . 

. KEYES/69 in 18Dl, gives as a supplement to the preceding a section 
across the Piedmont plateau of Maryland. In the Frederick limestone 
of the western semicrystalline rocks are fossils of several types charac
teristic of the Trenton, and the entire series of limestones and shales 
probably represent the Chazy, Trenton, and Hudson river formations. 
East of the western semicrystalline rocks are contorted gneisses, with 
general westerly dips, which are cut by basic and acid rocks and 
which are believed to have been originally granitic, but through the 
agency of enormous orographic pressure have been squeezed into their 
preseut gneissic eou<lition, as shown by the mechanical deformations 
through which the grains have gone. · 
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LITERATURE OF DELAWARE • 

. BooTH7
170 in 1841, includes among the primary rocks gneiss, feld~ 

spathic rocks, limestones, serpentine·, and granite, the first comprising 
about three-quarters of the area. This region is, without question, 
stratified. The average bearing of the rocks is north 470 east, and the 
dip 70° northwest, but occasional bearings are found which differ widely 
from this, and the dip is vertical. The trap rocks have a dip and 
strike conformable with the gneiss arid grade into them. The lime
stone is a coarse to fine grained crystalline marble, interstrati:fied with 
the gneiss. The serpentine and surrounding rocks are cut by numer
ous veins of granite. The greater part of the trappean formation pos
sesses a clearly stratified structure and grades by transition into the 
gneiss, but the hornblendic and coarse feldspathic veins do not. The 
variation in the strike and dip of the gneiss is regarded as due to the 
granitic veins or to the serpentine. 

0HESTER,171 in 1885, places in the Laurentian the hornblendic rocks 
along the line of the Pennsylvania railroad and the area to the east of 
West Chester. The rock is a dark hornblendic gneiss or amphibolitic 
schist, with which is associated a dioritic or syenitic granite of the 
Pennsylvania survey. The two rocks grade into each other, and prob
ably form varieties of the same eruptive series. North of the Lauren
tian gneisses, and resting upon them, is a series of mica-schists and 
granitic gneisses, with which are associated bedded granites, serpen
tines, and hornblende rocks which have been referred to the Montal
ban, or, with the Laurentian, have been called Azoic. These do not 
form two successive formations, for, while the former is either Lauren
tian or Huronian, the latter must be placed above the Trenton, and 
possibly above the Hudson river slates. The· granite of the State is in 
intrusive beds and in beds which are no more than highly metamor
phosed granitic gneiss or mica-schist, the two latter grading into each 
other. Crystalline limestones are found at Pleasant hill, Hockessin, 
and near Centreville. Serpentine is found northeast of Wilmington as a 
dike, running with the micaceous schist. Vitreous quartz and quartzite 
occur as thin or massive seams interstrati:fied with the micaceous rocks. 
The quartzite of the northeast corner of the State, underlying limestone, 
is probably of Potsdam age. The strikes and dips of the crystalline 
rocks are very variable, and this variation is often due to the disturb
ing action of granitic intrusions. The Laurentian is an extension of 
the third belt of Rogers. The limestones are younger than the Pots
dam quartzites, and are regarded as calciferous; the mica-schists and 
gneisses certainly overlie the limestones, and the latter therefore begin 
somewhere in the Silurian, and possibly mount as high as the Devo
nian. 

0HESTER,172 in 1890, describes the gabbros, gabbro-diorites, and horn
blende-schists of Delaware and their relations to the surrounding rocks. 
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The gabbro, gabbro-diorites, and hornblende-schists are found to grade 
into each other by imperceptible stages, and the two latter are regarded 
as a metamorphosed product of the former and all of igneous origin. 
These rocks are found at various points in contact with the mica-schists 
and gneisses. ¥\There the eruptive rocks have a schistose structure 
this is in apparent conformity with the foliation of the mica-schists. 
Sometimes the mica-schists appear to dip beneath the eruptive rocks, 
and at other times to overlie them. No evidence was found of any 
bedding not coincident with the cleavage. The unconformity discov
ered by Hall between the trappean rocks and mica-schists in Dela
ware county, Pennsylvania, was not found on the Delaware side of 
the line. If the horizontal bedding described exists, it is so obscured 
as to be unrecognizable; if the mica-schists are considered to lie hori
zontally the eruptive character of the gabbros, gabro-diorites, and 
hornblende rocks is but the more evident. 

GENERAL LITERATURE. 

MARTIN,173 in 1886, states that the Tide-water gneiss has mineralogi
cal characters which distinguishes it strongly from the gneisses of the 
northern Laurentian and from the Highlands. In particular the 
abundance of subsilicates and of hydrous silicates is to be noted. 

SUl\fMARY OF RESULTS. 

The literature summarized clearly shows that in the central .Appala
chian area, as in the northern, only general certain results have been 
reached. While there are numerous areas of crystalline rocks, it is not 
clear that many are of pre-Cambrian age. The exceptions are the .Adi
rondacks; the Highlands of New Jersey, with its northern extension 
the Highlands of New York, and its southern extension South moun
tain of Pennsylvania; and the eastern area of Mary land. A part of 
the northern extension of the Blue ridge is probably also to be here 
included. 

The most widespread rock in the .Adirondacks is a gabbro, which has 
all of the characteristics of this eruptive rock. The outer border of the 
mass has a well laminated structure, due eithe.r to original crystalliza. 
tion or to subsequent metamorphism. This rock is in all respects like 
the I.1abradorian or Norian of the Canadian survey, to which indeed it 
has been referred by the advocates of the Norian system. The bedded 
succession of gneisses, limestones, and quartzites is in nearly all re
spects like the original Laurentian described by Logan. While now it 
nowhere has indubitable clastic characters, its beds are such as to show 
that it was originally a sedimentary series. Since the series is not 
closely folded, probably the principal cause of its metamorphism is the 
great batholitic mass of gabbro occupying the core of the mountains, 
which seems to have thr1,1st itself up among the clastics, Whether the 
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coarse g'fleisseR which underlie the limestones belong with the latter 
series or represent an earlier one, we have no knowledge. There is, 
the11, in this district a possible pre-clastic series, which in its character, 
so far as seen and described, -is like the fundamental complex, the true 
Archean; and a clastic series of great but unknown thickness which 
belongs with the Algonkian. That the Adirondack rocks as a whole 
are unconformably below the Potsdam has been unquestioned from the 
first. 

The relations of the Highland area of New Jersey with the Potsdam 
sandstone are such as to ma,ke it certain that between them there is a 
great structural break. The rocks comprising this area consist largely 
of granite-gneiss, in general very nearly massive,- but having a some
wlmt laminated arrangement of the mineral constituents. The strike 
of tlte lamination conforms closely with the trend of the area as a whole, 
Leing east of north and south of west. The gneisses over large areas 
are graphitic. Interlaminated with them are beds of iron ore, and 
apparently of crysta,lline limestone. They are cut by various basic aud 
acidic eruptives. 

The weight of opinion in former years has been in favor of the sedi
mentary origin of this gneissic series. Mather, who gave by far the 
best early descriptions of the distriet, and Nason, who ]JaR recently 
been closely studying the limestones of New Jersey, find that the wl1ite 
crystalline limestones which have been regarded as Archeau grade 
into the blue limestones which are fossiliferous. These writers regard 
aU of the wbite limestone as parts of a newer series which have been 
metamorphosed either as a result of extreme folding or by intrusive 
masses of granite of bter date, ·with which they are frequently as;:;o
ciated. If all of these limestm1es are excluded from the pre-Cambrian 
and this is a very doubtful assumption, the evidence in favor of the 
detrital origin of the Highland area is restricted to the widely diRsem
inated graphite and to the magnetite beds of iron ore. 1\IIagnetitc is 

· widely assodated with certain belts of the granite-gneisses of New 
Jersey, but this and its concentration in lenticular Hmsses within the 
gneiRses in the form of magnetite can hardly be conRiderecl as deeisive 
evidence of their sedimentary character. The magHetites associated 
with the basal gabbros of the lake Superior Keweenawan are in pu1ely 
igneous roclcR. The graphite of the graphitic gneiss is a poiut of more 
weight. The absence of graphite as an important constituent over 
large areas in any definitely determined igneous granite-gneiss, bears 
in favor of the sedimentary origin of the gneissic series. If this theory 
proves true, the Highland gneissic series more nearly approaches the 
characters of a, massive erupt~ve than any other metamorphic sedimen
tary roelc known to the writer. Upon the whole, in tl1e regularity of its 
lamination~ in its lack of extreme contortion and foliation, and in the 
preseaee of graphite, the Highland gneiss is not like the fundamental 
complex, the genuine Archean of Canada and the West. However, 
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there are no certain criteria upon which it can be referred either to 
the Algonkian or Archean. It must be simply classified, so far as pres
ent know ledge goes, as pre-Cambrian. 

If it can not yet be decided whether the Highland gneisses are sedi
mentary the supposed structural divisions of Britton and Nason can 
be regarded as only lithological. Britton's arrangement of a massive 
group in the cores and schistose groups on the outer parts of the ranges 
can be as well explained, as has been repeatedly seen, by the eruptive 
theory of the origin of the series as by the sedimentary. From Nason's 
work it appears that certain varieties of rock have a continuous wide
spread distribution; but the descriptions show that his various types 
grade into each other instead of being sharply differentiated as supposed. 
Magnetite is the distinguishing characteristic of one type, and yet, in 
order to make out the continuity of this belt, rocks have to be classell 
with this type, in which hornblende and biotite are the chief basic con
stituents. The same thing is true of the second type, in which the horn
blende, the distiHguishing characteristic, is locally almost wholly re
placed by magnetite or biotite. 

Of the eastern Crystalline area of Maryland nothing can be said as 
to age, except that it is pre-Cambrian. 

The work of Mather and Dana in eastern New York and on Man_ 
hattan island, the work of Emerson, Dale, . ~,..olff, and Pumpelly in the 
adjacent district in Massachusetts, combined with the paleontological 
work of Walcott, show beyond all reasonable doubt that a considera
ble part of the crystalline area of southeastern New York, includiug in 
all probability Manba,ttan island itself and the so-called Taconics, be
long with the O~mbrian and post-Cambrian formations. The detailed 
evidence for this is rather for another to consider. 

Various other crystalline areas in Routheastern Pennsylvania, in 
Maryland and in Delaware, are in large measure metamorphosed Cam
brian and post-Cambrian rocks, as show11 by the work of Rogers, Hall, 
Williams, and Chester. There are also probably in these areas pre
Cambrian rocks, although often the gradations described between the 
gneissic series, supposed to be pre-Cambrian and the crystalline 
schists supposed to be Cambrian or post-Cambrian, are so complete as 
to leave the reader quite in doubt as to ·the reality of the break sup
posed to exist between them. 

Among all the earlier writers on the crystalline rocks of the Middle 
~t\_tlantic states, Mather is distinguished for the fidelity of his descrip
tions and for the keenness of his insight. While in his great New 
York report of 1843 there are some crude notions, the comprehensive 
general results announced accord to a remarkable degTee with the 
views held by the best informed of the geologists who are working in 
this field to-day. 
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SECTION III. THE SOUTHERN ATLANTIC S'l'ATES. 

LITERATUlm OF THE VIRGINIAS. 

CoRNELIUS, 174 in 1818, finds west of the Secondary formations ranges 
of granites, schists, and other primitive rocks. The Blue ridge is the 
dividing line between the granite and the limestone country to the west
ward. 

RoGERS (W. B.),175 in 1840, describes the southern district east of the 
Blue ridge as occupied mostly by rocks of very ancient date, most of 
them believed to be primary. A part of them are in irregular masses, 
and others have regular stratification, but all are alike considered of 
metamorphic origin. Aside from these there occur igneous rocks. The 
more important metamorphic rocks are granite, syenite, gneiss, mica
slate, talc-slate, argillaceous slate, pseudo- gneiss or gneissic sandstone, 
soapstone rocks, micaceous and talcose limestones, and marbles. By 
pseudo-gneiss or gneissoid sandstone is meant rocks which resemble the 
truly crystalline rocks, but which plainly betray their sedimentary ori
gin by the rounded character of the quartz and other constituents which 
compose them. The igneous rocks cut the shales and sandstones of the 
Middle Secondary. 

RoGERS (W. B.),176 in 1841, gives the geological occurrences of the 
primary and metamorphic rocks. In these, beds of limestone are 
included at various points. Quartz-slate and quartzite are found in the 
Bull Run mountains and other localities. 

FoNTAINE,177 in 1875, describes several sections of crystalline rocks 
which are regarded as pre-Silurian. Among them are argillite, green
stone, and syenite. At a tunnel the contact of the Silurian with the 
argillite is beautifully exposed and the great contrast of the two sys
tems is well shown. 

FoNTAINE, 178 in 1875, describes the central part of the Blue ridge as 
consisting of coarse granites and gneisses of Laurentian age. Along 
the eastern slope of the syenite is a formation of argillites which is cov
ered by a series of mica-slates, schists, and gneisses. The axis is occu
pied by talcose limestones, quartzites, mica-slates, and hydromica-slates 
which closely resemble those in Berkshire cm1nty, Massachusetts. In 
this belt are probably two systems, one older than the Primordial, and 
the other metamorphosed Silurian. The unconformity which exists 
between the syenite and argillite apparently shows the latter to be 
Huronian, although its age is not positively determined. 

CAMPBELL (J. L.),m in 1879, states that the Archean rocks of the 
Blue ridge are granite and syenite. They underlie the stratified rocks 
of the region, but are probably more recent than they, being thrown 
upward through them. The bedded rocks resting upon the syenite are 
much metamorphosed and gneissoid in character. These are followed 
by a bed of conglomeratic quartzite and slates, upon which lie uncon
formably the Primordial rocks. 
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CAMPBELL (J. L.},180 in 1880, describe~ the metamorphic Archean 
rocks along the James river and Kanawha canal as including lime
stones, schists, and quartzites. 

CAMPBELL (J. L.),181 in 1880, describes the Archean rocks at James 
river gap as consisting of granulite and syenite, upon which rest much 
metamorphosed beds of conglomeratic quartzite, and over these slates. 
These Archean rocks are unconformably below the Primordial rocks, 
which contain fragments of slate, crystals of feldspar, epidote, etc., 
more or less waterworn and cemented together. The slates were met
amorphosed before they were deposited in the Primordial strata. The 
syenite and granulite are eruptive rocks which have been thrown up 
since the deposition of the Primordial, as is indicated by the fact that 
the stratified rocks dip at a high angle away from the igneous masses, 
and also from the influence of heat exerted upon the overlying slates 
and sandstones. Higher in the series traces are found of metamorphic 
changes. The syenite and granulite are supposed to be the result of 
aqueo-igneous fusion and to represent material which is really older 
than the stratified rocks. 

FoNTAINE, 182 in 1883, describes the Blue ridge between Turks gap 
and Balcony falls as consisting of Laurentian, lluronian, and Primor
dial rocks. The first is mostly gneiss; the second mostly hornblendic, 
micaceous, and argillaceous schists; and in the Primordial is found 
Scolithus. 

ROGERS (W.B.),183 in 1884, states that the Blue ridge is a continuation 
of the Green mountains of Vermont, the Highlands of New York and 
New Jersey, and the South mountain of Pennsylvania, and, continued 
southward, becomes the Smoky or Unaka mountains of Tennessee. The 
rocks consist for the most part of the Qlder metamorphic strata, includ
ing gneiss, and micaceous, chloritic, talcose, and argillaceous schists, 
together with masses referable to the earliest Appalachian formations, 
sometimes in a highly altered condition. Innumerable dikes and veins 
of all dimensions, and consisting of a vast variety of igneous materials, 
penetrate this belt, disturbing and altering its strata in a remarkable 
degree. Southern dips are prevalent throughout the whole of the 
region. This is particularly the case in the southeastern or most dis
turbed side of the belt, but on the northwest side the reverse dips are 
more common. In many cases the ordinary anticlinal and synclinal 
structures are regarded as overturned in a northwest direction, which 
makes the two sides of the fold approximately parallel, and when this 
is not the case gives the northwest sides a deeper dip than the south
eastern. In many of the sections the unconformity between the Cam
brian and the crystalline metamorphic rocks is unmistakable, the lower 
members of the former being seen to rest on the slope of the ridge, with 
northwest undulating dips on the edges of the southeastward-clipping 
older rocks. In other cases the primal beds, thrown into southeast 
dips in the hills which flank the Blue ridge, are made to underlie, with 
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more or less approximation to conformity, the older rocks forming the 
central part of the mountain. But even in those instances it is not dif
ficult to discern the true relations of the strata. As examples of the 
phenomena are the sections exposed at Vestals, Gregorys, Snickers, 
and Manassas gaps, and J eremies run, in the northern part of the Blue 
ridge; and at Dry run, Turks, Tye river, Whites, James river, point 
Lookout, Fox creek, and White-top mountain gaps, in the middle and 
southwestern prolongation of the chain. -

CAMPBELL (J. L. and H. D.),u14 in 1884, conclude from an examina
tion of the Snowdon quarries that the core of the Blue ridge is an igneous 
mass belonging to the Archean, and that upon its northwestern slope 
are unconformable beds of slates, sandstones, and conglomerates which 
are Potsdam or Cambrian. They are in a highly metamorphosed condi
tion, and were regarded by Rogers as Huronian, and by the authors as 
pre-Cambrian, but the discovery of fossils in them has definitely deter
mined their age. Tile slaty cleavage of the quarries sometimes corre
sponds with the planes of original bedding or stratification, but more 
frequently is more or less oblique to the strata. 

GEIGER and KEITH,185 in 1891, in discussing the structure of the dis
trict about Harpers ferry, state that between the Cambro-Silurian 
shale and the granite-schist there is an unconformity of the ordjnary 
type of deposition. 

LITERATURE OF NORTH CAROLINA. 

0Ll\1STED, 186 in 1824, describes as parallel with the freestone and 
coal formations a great slate formation which extends across the state 
from northeast to southwest, being about 20 miles wide, running 
through Person, Orange, Ohatha.m, Randolph, Montgomery, Oabarrus, 
Anson, and Mecklenburg counties. Within this district are found 
numerous beds of porphyry, soapstone, serpentine, greenstone, and 
whetstone. From Halifax to Person courthouse hardly any kind of 
rock but granite is met. 

OLMS'l'ED/87 in 1825, more fully describes the great slate formation, 
which includes argillite, greenstone, porphyry, novaculjte, petrosilex, 
hornstone, black steatite, syenit~, etc. Between the great slate forma
tion and the Blue ridge is a granitic district, various limestone beds, 
and a tra:o.sition formation. The granitic district occupies the whole 
country, with subordinate exceptions, from the slate formation to the 
Blue ridge. The term granitic as here used embraces gneiss and mica
slate as well as granite. Among the subordinate beds non eare so 
numerous as greenstone. In Stokes and Surrey, in connection with 
the iron ores, are numerous isolated beds of limestone which lie in mica
slate rocks. 

l\irTCIIELL/88 in 1829, states that of the primitive rocks of North Car
olina, the more ancient lie farther west and the more recent in the mid
land counties. Those of the eastern division are highly crystalline in 
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their structure, consisting of gneiss, slate, and schist, with some granite, 
while those of the western division are almost exclusively granite. 
The transition arg·illite is widespread, and in it occurs most of the gold 
mines. 

MrrCHELL1
189 in 1842, describes as primitive formations the granites, 

gneiss, mica-slate, chlorite-slate, hornblende-slate, and taleose-slate, 
qnartz-roek, serpentine, and limestone. A vast body of granite trav
erses the state in a northeast and southwest direction, comprising a 
large part of Person, Caswell, Orange, Guilford, Randolph, Davidson, 
Rowan, Cabarrus, and lVIecklenburg counties; also some of Lincoln, 
Iredell, Davie, Stokes, and Rockingham counties. Within tllis belt is no 
well defined gneiss, micaceous primitive slate, serpentine, or limestone. 
West of this formation are the most ancient primitive rocks, on the 
upper waters of the Dan, Yaclkin, Catawba, and French Broad. Here 
are a great variety of granites. Gneiss and slate also occur. All of 
the~e are iuterstrati:fied. Limestones are found at three points in 
Stokes county. In Anson and Richmond counties is a beautiful por
phyritic granite. East of the red sandstone in the counties of Cumber
land, Wake, Granville, Warren, Franklin, Nash, Johnston, Halifax, 
and Northampton, is another body of ancient primitive rock in which 
granite prevails. 

Enn:t:ONS (E.), 190 in 1856, gives a systematic account of the crystal
line rocks of North Carolina. Rocks of igneous origin are often massive, 
but also frequently are laminated, and laminated rocks are frequently 
called stratified, but this latter term should be restricted to the sctli
mentary rocks. The metamorphic rocks are excluded from the sedi
mentary classification because all rocks may become metmnorphi<', and 
a stratum metamorphic in one locality may not be metamorphic in 
another. The highest proof of the age of rocks is the order of snper
poRition. When this method can be applied it is Jmra.rnount, lmt pale
ontology may be used subject to proper principles. At the ba~e of tlw 
Paleozoic, under the Silurian, is placed the Taconic. 

The granitic formations are regarded as eruptive or pyrocrystalline. 
They form two continuous belts, which cross the state in a northeast 
and southwest direction. The eastern one is the Raleigh belt, and the 
western one the Salisbury and Greensboro belt. Granite is generally 
the underlying rock, but there are cases on record in which it is shown 
that it is an overlying one. At Warrenton, in Warren county, of the 
Raleigh belt, it is found to overlie gneiss, mica-slate, and hornblende, 
where it is considered to have been projected through fissures in these 
rocks. This eastern belt contains no metallic veins, nor is it cut by trap 
or other instrusive rocks. Its breadth is from 20 to 25 miles. 

The Salisbury granite is frequently syenitic, that is, hornblende takes 
the place of mica. This belt is cut by numeronR peculiar dike roek~ in 
which, when they decompose, the hornblende trap appears in dark
green stripes, and many, when carefully examined, have assumed the 
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structure of a sediment or a laminated rock, and which often appears 
like the dark-green slates of the Taconic system. This singular struc
ture of an eruptive rock is interesting and important;as it proves that 
it may be produced in rocks which have been regarded as sediments, 
but which, in these cases, are the farthest removed from rocks of this 
description, and with which water has had nothin.g to do. The lamina 
are sometimes as thin as paper, and from their appearance can not be 
distinguished from the slates referred to. These dikes are bounded by 
walls of granite, and are frequently only from 6 to 10 inches wide. The 
mineral veins are generally found on the borders of the granite areas, 
usually within 1 or 2 miles of the slate. This western belt is 10 to 14 
miles wide. 

Among laminated pyrocrystalline rocks are placed gneiss, mica
schist, talcose slates, hornblende, and certain limestones. It is difficult 
to determine the line of demarkation between gneiss and granite, as 
frequently there are passage beds connecting one with the other. As 
to the pyrocrystalline limestones, they certainly occur among the gneiss 
and mica-slate and hornblende-rocks with lamin::.e parallel with them, 
but. still they have many characters which belong only to the eruptive 
rocks. 

Resting upon the laminated pyrocrystallines, with the granite as a 
substratum, are rocks of sedimentary origin which are supposed to be 
_._<\.zoic. Above these are other rocks which have been in the past re
garded as Azoic but are now found to be fossiliferous. The older deep 
seated sediments are sometimes distinguished with difficulty from the 
true primary series, their lithological characters very often belonging to 
the same order. It might be doubted whether they were sediments at 
all were it not that they are associated with conformable pebbly beds, 
which is the only proof that these rocks . are really sedimentary. 

The Taconic rocks are divided into lower and upper parts. The lower 
series contains talcose slates with white and brown sandstones and 
quartz, with granular limestones and associated slates, and with these 
occur hornblende, which makes it difficult to determine where the pri
mary rocks end and the Taconic begins, especially when the pebbly 
beds are absent. Vitrified quartz can not be regarded as always an ig
neous product, but rather as a deposit of silica from chemical solution. 
The materials composing the belts of detritus are apparently derived 
from the granites, as shown by the fact that the quartz and feldspar of 
these rocks are distinguishable in the brecciated conglomerates. 

KERR, 191 in 1867, finds that the slates of western North Carolina 
have an average strike of N. 50 ° E., the dips being high to the south
east, for the most part about 65°. The greatest variations in strike 
and dip are in the central area, where the strata are contorted and 
folded to an unusual degree. This region extends from the Black 
mountains to the southeastern corner ot Clay county. This central 
area is the axis of the state and is composed for the most part of granitic 
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and gneisses rocks which are extremely metamorphosed. These roeks .. 
as well as the slates and schists, belo11g to the most aueient of the 
Azoic series, and the Black mountains are the oldest part of this 
Azoic. 

KERR, 192 in 1875, gives a systematic account of the geology of North 
Carolina. The Azoic rocks are divided into Ilur<Tnian, Laurentian, and 
Igneous. With the Huronian are placed the siliceous and argillaceous 
slates and conglomerates, micaceous and hornblendic slates and schists, 
chlorites, quartzites and diorites, with cherty, jaspery and epidotic beds, 
and much specular iron ore. The Laurentian includes gneiss, granite, 
hornblende slates, etc., while the Igneous includes granite, syenite, 
porphyry, etc. 

The Laurentian occurs in four areas. The Raleigh area is a belt 20 
or 25 miles wide, running ·northeast from this place to the state line, 
and consisting of light colored and gray gneisses which occasionally 
pass into granite. These are cut by coarse syenite and diorite dikes. 
The second, the Salisbury granite area, is from 10 to 30 miles wide, and 
has an area of about 3,000 square miles. The prevalent rocks are 
syenite, dolerite, greenstone, amphibolite, granite, porphyry, and tra
chyte. In it there is no well defined gneiss, mica-slate, serpentine, 
or limestone. The large area of Mecklenburg syenite is regarded as 
the oldest rock of North Carolina, the bottom of the Laurentian. West 
of the Salisbury area is the largest connected area of Laurentian in the 
state, covering not less than 16,000 square miles. It closely resembles 
the Raleigh area, especially in the southeastern part, where it consists 
of a succession of schists, gneisses, and slates, for the most part thin 
bedded, and only occasionally showing granite-like masses and syenites 
which are generally in the forms of dikes. Belonging with this series 
are probably the interstratified crystalline limestones of Forsyth, Yad
kin, and Stokes. The outcrops are generally limited to two or three 
rods in thickness, a few hundred yards in length, and seem to graduate 
into the neighboring gneisses. The fourth considerable area of Lauren
tian rocks, occupying an area of 3,000 or 4,000 square miles, is west of 
the Blue ridge, between this range and the Smoky mountains. This is 
probably a continuation of the preceding belt, being separated from it 
by a narrow belt of Huronian slates, and like it containing crystalline 
limestones. 

The Huronian follows the Laurentian without a break of geological 
continuity. These rocks are found in five principal lines of outcrops. 
These are that east of the Raleigh Laurentian, that between the Ra
leigh and Salisbury granite, that west of the Salisbury granite or 
King's mountain belt, that of the Blue ridge mountains, and that of 
the great Smoky mountains, called the Cherokee slates. These belts 
are placed with the Huronian because they succeed the Laurentian, 
and because they differ from them in degree of metamorphism and 
litholog-ical character, so that the change from one to the other is ob· 
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·vious along the whole line of contact. The slates included are often 
highly plumbaceous, sometimes containing. as high as 50 per cent 
of graphite, and also contain beds of coarse granular limestone, in 
which is tremolite as well as ·magnetic iron in bedded veins some
times 20 feet in thickness. Conglomerate belts are common. The 
second Huronian area is the largest, is from 20 to 40 miles wide, fre
quently contains quartzite, which often passes into conglomerate, and 
in it are most of the mineral veins. The western dips prevail, but in 
the western part of the tract the dip is east for several miles. This 
belt is bounded on both sides by the Laurentian, on which it lies un
conformably and from it its materials were derived. This is the prin
cipal area of Emmons's Taconic. The western Huronian area by Safford 
and Bradley has been concluded to be Potsdam and sub-Potsdam. If 
this turns out to be Silurian it is probable that the Cherokee, Bh~e 
ridge, and King mountain belts are of the same age and therefore post
Huronian. 

FURl\fAN,193 in 1889, describes a section through King's mountain, 
running from 5 miles northwest, and another from the old gold mine 
to the granite. The rocks have a high inclination and consist of inter
stratified quartzite, limestone, mica-slate, etc., cut by dikes of trap 
and greisen veins. 

LITERATURE OF TENNESSEE, 

TROOST, 194 in 1840, describes the Primordial rocks of Tennessee as 
occurring in detached areas along the eastern side of the state. These 
are granitic and are associated with greywackes, which are fossilifer
ous. The state line is approximately the dividing line between the 
crystallines and the fossiliferous rocks. 

OWEN / 95 in 1842, states that the metamorphic rocks in the Unaka 
mountains dip at a high angle toward the granitic rocks. These rela
tions are supposed to be due to ~islocations. 

CURREY/96 in 1857, states that the Great Smoky mountains are of 
granite, gneiss, mica-slate, talcose slate and quartz rock. The sand
stones, shales, and slates on the western descent of the mountains are 
regarded as primitive or metamorphic. They are in ail inclined posi
tion, dipping inwardly toward the. center of the mountain, the Primor
dial rocks appearing to overlie them. No anticlinal or synclinal axes 
are found, and the tilting is explained by faults. 

SAFFORD,197 in 1869, places the lowest formations of Tennessee as 
Potsdam and metamorphic. The Ocoee group is at the base of the 
Potsdam and is, so far as known, Eozoic. The metamorphic formations 
are altered rocks, Azoic or Eozoic in part, mountain-making, and many 
thousand feet thick. They in.clude the talcose slate, in part, of Beech 
mountain and Slate face, in Johnson county; gneissoid rocks of Stone 
mountain; the syenitic gneiss of Roan mountain; the gneiss and mica
schist of the Great Bald; the talcose slates and hornblendic beds of 
Ducktown. 
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The Oeoee or basal division of the Potsdam is semimetamorphic, 
Eozoic, mountain-making, and has a thickness of 10,000 feet. Equiv
alenj; with this are the slates and conglomerates of Monroe county, the 
Little Tennessee river, the west fork of Little Pigeon, of Sevier county, of 
the French Broad in Cocke county, of Big Butt, and of Laurel gap of· 
Iron mountain. The metamorphic rocks occur in stratified beds, are 
mostly of the variety called gneiss or stratified granite, and all are met
amorphic. The line of separation between the metamorphic rocks and 
those to the west is sometimes well defined, but often poorly, the rocks 
gradually losing their crystalline characters and running insensibly 
into the adjacent conglomerates and slates. The general line of sepa
ration conforms to the Appalachian ridges. The metamorphic beds and 
the other groups all appear to follow the same law of dip and strike. 
The dip is in the main at a high angle to the southeast. The author 
has not been able to satisfy himself as to want of conformableuess in 
the beds, although in Johnson county the metamorphic gneiss comes ab
ruptly against the limestone; and other similar cases occur, but these 
unconformable junctions are naturally referable to local fractures and 
displacements, and this unconformableness is local and not the rule. 
There is no reason for believing that the metamorphosed beds include 
formations of any more recent elate than the Ocoee conglomerates and 
slates, and a portion of them are certainly referable to this group. The 
remainder, although conformable, may be and most likely are older. 
The transitions from the slates and conglomerates to the gneiss and 
mica-schists are well seen at Ducktown and at the Ocoee. There is no 
sufficient reason for referring any of these rocks to the Huronian or 
Laurentian. 

BRADLEY, 198 in 1875, describes sections in east Tennessee from Athens 
to :Murphy, and from Knoxville to Murphy. The rocks include semi
metamorphosed slates, like those of Ocoee, quartzites, crystalline lime
stones, and gneisses, all being regarded as probably of Silurian age, 
with the possible exception of the massive granite at Marietta, Cobb 
county, Georgia. The Silurian rocks thus include the Taconic and 
pyroclastic rocks of Emmons. 

ELLIOTT,199 in 1883, states that the mica-schist and gneiss at Jasper 
dips beneath the marble and is thQrefore metamorphosed Knox saud
stone. The porpl1yritic gneiss of the West Atlantic railway is identi
cal with that at Talking rock, and is a metamorphosed form of the 
Ocoee sandstone. 

LITERATURE OF SOUTH CAROLINA. 

RuFFIN,200 in 1843, describes as primitive the limestones which enter 
South Carolina at York, west of Kings mountain, and run to Spartan
burg. Embracing nearly all the country above the lower falls of the 
river is a granitic region. 

TUOJ.\-IEY,201 in 1848, gives a report on the geology of South Carolina. 
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The unstratified or igneous rocks underlie the stratified rocks, or are 
pushed up through them, and include granitic and basaltic rocks, being 
generally found in the form of dikes. Discordances between slaty 
cleavage and bedding are found. The crystalline structure of the Pri
mary stratified rocks is supposed to be due to heat which comes from 
the contact of the underlying intensely heated granite. These forma
tions have no invariable order of superposition, although they generally 
overlie each other in the following manner: Clay slate, talcose slate, 
mica-slate, hornblende-slate, gReiss; and associated with these are 
also beds of limestone, quartz, chlorite, slate, and soapstone. 

A very massive gneiss, known as "table rock," on the west side of 
Saluda, rests unconformably upon the slates, and is regarded as evi
dence of the prior deposition of the slates, and also as evidence of a 
time break between the two. The mica-slates pass by insensible gra
dations into the talcose slates. The lime rock is interlaminated both 
with gneiss and with mica-slates, the latter occurring at Kings moun
tain. The quartz rocks are regarded as residual material left by the 
disappearance of the micaceous and ~alcose portion of the rock. It 
sometimes passes into a conglomerate-like phase, but this is a step 
on the way toward complete crystallization. The quartz rock at times 
passes into itacolumite. The magnetic and hematitic ores are asso
ciated mostly with the slates and limestones, and appear as beds 
interlaminated with and grading into them. 

LIEBER, 202 in 1858, describes the rocks of Chester and York districts. 
They are divided into clay-slate, which includes limestone, itacolumite, 
and specular schist; and hornblende-slate, which includes talcose slate 
and mica-slate. The first class, which may possibly be Paleozoic, ap
pears wherever the Tertiary deposits have been removed by erosion. 
It has a dip unconformable to the talcose slate. Itacolumi te is de
scribed, and below it at times are found specular schist and above it 
limestone. The igneous rocks are divided into trachytic, trappean, 
and granitic rocks. The trachytic rocks include eurite, quartz-po1:M 
phyry, coarse trachyte, do mite, and phonolith; the trappean rocks in
clude diorite, diorite-slate, soapstone ( ~), talcose trap ( ~), melaphyre, 
and aphanitic porphyry; the granites include coarse grained granite, 
syenite, and other granite and gneiss. 

LIEBER, 203 in 1858, divides the rocks of Union and Spartanburg into 
a Super-itacolumite, ltacolumite, and Sub-itacolumite groups. The first 
includes limestone. The second includes itacolumite with talcose slate, 
limestone, specular schists, and itacolumite conglomerate. The third 
includes clay-slate, talcose-slate, mica-slate, and gneiss. There is no 
definite proof that the gneiss occupying the lowest position is of sedi
mentary origin. Indeed there is greater probability that it is, strictly 
speaking, a granite having a parallel distribution of the scales of mica. 
It passes into the ordinary granite, with no distinct boundary between 
the two. The mica-slate overlying the gneiss is of insignificant thick· 
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ness, as shown by the fact that mining shafts and streams frequently 
cut through it to the gneiss. The. dip of the slate is almost always con· 
stant to the southeast. It is the predominant position in the country 
for the metalliferous veins. The itacolumite is described in detail. 
The conglomerate-likeitacolumites, mentioned byTuomey, are regarded 
aR real conglomerates, with a micaceous and arenaceous cement. The 
pebbles are obscured and elongated, the longest diameters being par
allel to the bedding, and they also partake of the schistose structure of 
the matrix in which they are contained. Every stage in the passage 
from the fine grained rock to the conglomerate with pebbles is seen, 
and there is no question that the itacolumite is a sandstone. The 
eruptive rocks include granites, eurite, and trappean rocks, among 
which are schistose aphanite, aphanitic porphyry, minette, diorite, 
diorite-slate, and saponite. That the schistose rocks here included are 
really eruptive is shown by the manner in which they intrude the 
granitic rocks. 

LIEBER,204 in 1859, gives a general account of the rocks of South 
Carolina. The peculiar structure of the schistose aphanites is regarded 
as due to weathering. In the Greenville and Pickens districts the suc
cession includes gneisses, limestones, and mica-schists, the ruling dips 
being southeasterly. Tourney's representation of these rocks as 60 to 
70 miles thick is believed on theoretical grounds to be incorrect. The 
ruling southeasterly dip of the slates are probably due to faults which 
have repeated the stratified rocks many times. It is concluded that the 
isolated bodies of stratified rocks overlying the gneiss are actually 
islands occupying, with much regularity, the apical lines of certain par
allel ridges. It can not be asserted that any of the mica-slate beds ex
ceed 100 feet in thickness and the horizontal slates 25. The talcose 
slate below the itacolumite is frequently highly graphitic. Above the 
talcose slate is limestone, and above this the itacolumite, the outlines 
of the latter being extremely tortuous. The dike rocks are aphanite, 
porphyritic hornblende rock, eurite, and garnet. A detailed account 
of itacolumite is given. 

LIEBER/05 in 1859, definitely states that itacolumite is regarded as 
occupying a constant position, and is taken as a starting point upon 
which to determine the chronology of the Azoic rocks of the southern 
Alleghanies. 

LITERATURE OF GEORGIA. 

PECK, 206 in 1833, divides the mountain-region rocks into Primitive 
and Transition, the first being on the west, and the boundary between 
the two being the Smoky mountains. 

CaTTING, 207 in 1836, divides the primary formation into granite, 
syenite, porphyritic granite, gneiss, mica-slate, talcose slate, granular 
limestone or marble, serpentine, greenstone, epidotic gneiss, quartz 
rock, hornblende, and clay-slates. The granite passes by imperceptible 
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gradatiom:; i11to the gneitSs, betltS of the two sometimes alteruatiug, all(l 
the latter also passing into the stratified mica-slates. Gneiss ah;o paH~eH ' 
into the stratified mica-slate, and the mica-slate into talcose slate. The 
graywacke is the beginning of the transition. 

LrrTLE, 208 in 1875, mentions crystalline rock, presumably primary, 
at various points. 

CAMPBELL ( J. L.) and RUFFNER, 209 in 1883, divide the Archean upon 
chemical, lithological, and structural grounds into Laurentian and 
Huronian. In the metamorphosed rocks the prevailing dips are toward 
the southeast. It is believed that while they were somewhat plastic 
they·were folded and overturned, although sometimes left in a vertical 
position, and not infrequently found in a nearly horizontal position, or 
sometimes resting in arches and depressions. In the Choccolocco valley 
the railroad passes abruptly to the Lower Silurian rocks. This rela
tion between the Silurian and Archean is attributed to a fault, with a 
downthrow of the former. 

LITERATURE oiJ~ ALABAMA, 

TuoMEY,210 in 1850, places the granites, gneisses, and associated 
crystalline rocks as primary and metamorphic. The slates sometimes 
carry plumbago, and true granite is found only at Talladega. 

TUOl\1EY,211 in 1858, finds in various sections granite, syenitic gneiss, 
ordinary gneiss, hornblende-slate, mica-slate, talcose slate, and soap
stone. In certain localities are found limestones, and also occasionally 
interstratified quartz-rocks occur. Granite is found about Rockford 
in large masses. 

s~nTH,21:t in 1875, states that the counties of Chilton, Talladega, Cal
houn, Cleburne, Lee, Tallapoosa, and Elmore lie partly, and Coosa, 
Clay, Randolph, and Chambers wholly, within the Archean region of 
the state. On account of the absence of fossils, it is difficult to deter
mine the relative ages of the subdivisions of the crystalline rocks. 
Lithologically they are classified into Laurentian, Huronian, and White 
mountain series, following Hunt's characterization of these terms. The 
rocks here included are granite, gneiss, mica-schist, mica-slate, hydro
mica-slate, clay-slate or argillite, syenite, syenitic gneiss, hornblende
schist, diorite, norite, talcose slate, soapstone or steatite, chlorite-schist, 
quartzite, siliceous slate, itacolumite, ita barite, jasper, crystalline lime
stone, dolomite, and igneous rocks. Crystalline limestone occurs in 
Chilton county. It is succeeded in apparent conformi£y by semicrys
tallines 15,000 to 20,000 feet in thickness. 

SCHMITZ,213 in 1884, describes a metamorphic region in Alabama as 
covering the whole or parts of counties Chilton, Coosa, Talladega, Cal
houn, Cleb1une, Lee, Tallct})Oosa, Elmore, Clay, Randolph, and Cham
bers, with about 5,000 square miles of area. The rocks of this region 
are partly metamorphosed Lower Silurian rocks (Calciferous, Potsdam, 
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and Acadian), partly Upper Azoic rocks (Huronian), and perhaps 
partly Lower Azoi<' rocks (Lmuentian). 

Going at a right angle with the strike, from northwest to southeast, 
is ftmud the following zones, which, however, cannot be sharply sepa
rated.. (1) SiZuri(tn.-Orystalline limestones, conglomerates, heavy 
quartzites, and slates (often gold-bearing), semi-metamorphosed. (2) 
Hwronian.-Mica-slates and schist::; (with garnets), limestones, coarse 
grained granites, diorites, quartzites, and clay-slates (sometimes gold
bearing); the mica-schists often alternating with gneisses; associated 
with graphite and graphitic slates, itacolumite, specular ore, brown 
henmtite, etc. (3) H1tronian or Upper La1trentian.-Gneisses (micaceous 
and hornblendic), granite, diorite, mica-schists, quartzites, slates (some
times gold-bearing), associated with chloritic schists and steatiteR, mica 
with tourmaline crystals, etc. Some of the grauites have the clmrac
teristics of eruptive rocks. 

GENERAL LITERATURE. 

BRITTON,Z14 in 1886, describes at Natural bridge the contact between 
sandstones" hich appear to be under the Potsdam an< lover the Archean. 
The two are widely unconformable; the sandstone dips 45° to the 
northwest and strikes N. 40o E., while the Archean dips 650 E. and 
strikes N. 5° E. The Archean rocks consist of quartz-bearing syenite 
and granulite, fi·agments of which are found in the overlying series. 

On the Doe river, in eastern Tennessee, the Archean aud basal Si-
1 nriaa1 quartzite are in contact. The Archean iR a pegmatite, with no 
heddil1g or lamination. Five lmll<lred feet east of the contact it is a 
much contorted hornbleudic gneiss and syenite. These rocks are in
tersected by a trap dike. The quartzite i::; thickly bedded and con
tains many pebbles of quartz and much feldspar, so as to make the 
rode iu plaees an arkose. 

On the French Broad river are found quartzites like those of the Do
river, which are succeeded by basal crystalline rocks, and near Mare 
shall st~tion begins a stratified micaceous sehistose series. The char
acter of the transition between this and the basal Archean rocks was 
not apparent. About Asheville are well bedded gneisse::; and miea
sclli~ts which bear the same relation to the heavily bedded basal Archean 
<1~ do the Westchester county, New York, and Philadelphia gneisses 
to tl:e basal rocks to the westward. These rocks extend to the top of 
mount Mitchell. 

SUMMARY OF RESULTS. 

~r11e Htatc of knowledge of the crystalline rocks of the southern Ap
palachians is in a still less advanced condition than that of the middle 
and northern Appalachians. 

It is reasonably certain that from northern Virginia to Alabama 
there are large areas which are pre-Cambrian, including· much of the 
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granite and granitoid gneiss region. Not only this, but, if lithological 
characters are sufficient evidence, parts are Archean; that is, belong 
with the fundamental rocks of Canada and the West; for areas are 
found which consist of an intricate complex of foliated and contorted 
granite and gneiss cut by or containing masses of basic eruptives of 
various kinds. In their intensely implicated structure and lack of 
tborougltly massive characters they give evidence of vast antiquity. 

How far the rocks which have been denominated Huronian belong 
with the pre-Cambrian there is no means even of guessing. It is very 
certain that large parts of the rocks called Taconic and Huronian are 
Cambrian, Silurian, or later. When the Cambrian and Silurian have 
been definitely outlined, whether any of the unmistakable clastics will 
remain to be correlated with the Huronian, or, more accurately, to be 
placed in the Algonkian, is uncertain. 

The disturbances in the southern Appalachians are of a different type, 
and, upon the whole, have been less intense than in the central and 
northern regions, as a consequence of which it will be easier to reach 
definite results here than it has been farther north. 

The only really systematic work which has been done is that in Vir
ginia by Rogers; that of Emmons in North Carolina; that of Safford 
in Tennessee, whose work barely reaches the pre-Cambrian rocks; and 
that of Lieber. The last in his earlier reports carefully refrained from 
generalizations based upon insufficient evidence, but patiently mapped 
the rocks lithologically in several counties, and thus gives serviceable 
information unmingled with theories of no value. 

In the south, as in New England, occur formations which by con
tained belts of conglomerates are definitely proved to be of clastic 
origin, and these gradually pass into unmistakable crystalline schists. 
These transitions were clearly described and their meaning definitely 
pointed out by Emmons and Lieber respectively in 1856 and 1858. 

More remarkable than this is the discovery of Emmons and Lieber 
that hornblende-schists and other schists are metamorphosed erup
tives. These rocks are said sometimes to be as thinly laminated as 
paper, and are compared with slates; but their occurrence in dikes 
within the granites, and their gradations into the ordinary massive 
forms, demonstrate them to be later igneous rocks. These conclusions 
were not based upon petrographical work, but upon careful field study. 
The microscope in recent years has shown accurately the method of 
change; but that the change does occur from a massive eruptive rock 
to a thoroughly schistose one was proved beyond doubt by these men 
before 1860. 

Emmons and Lieber further appreciated that the granite-gneisses in 
their lithological affinities as well as by actual transitions belong with 
igneous granitic rocks rather than with the sedimentaries. Emmons 
also re~whed the same conclusion for the South which Emerson demon
strated many years later for the New England states, that there are 
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two granites, one of which is more ancient than the clastics and the 
other intrusives within these. According to Emmons the ancient form 
is predominant, but occasionally granite has been projected through 
:fissures like other intrusive rocks. 

The great discovery that regularly laminated rocks are produced by 
the metamorphism of eruptive rocks as well as from Sf'dimentary rocks 
naturally carried the discoverer too far in the application of the princi
ple. Emmons included in the metamorphic igneous rocks many mica
schists, talcose slates, and limestones for which he gave no evidence 
whatever. Lieber's discrimination between the metamorphic-igneous 
and metamorphic-sedimentary rocks was much more satisfactory. But 
Emmons's general statements as to the small value of lamination alone 
in rocks as an evidence of origin and the method of stratigraphical 
work in the crystalline rocks can hardly be improved upon at the pres
ent day. Says this writer: Rocks of igneous origin are often massive, 
but also are frequently laminated, and laminated rocks are frequently 
called stratified, but this latter term should be restricted to the sedi
mentary rocks. The metamorphic rocks are excluded from the sedi
mentary classification because all rocks may become metamorphic, and 
a stratum metamorphic in one locality may not be metamorphic in 
another. The highest proof of the age of rocks is the order of super
position. When this method can be applied it is paramount, but pale
ontology may be used subject to proper principles. 

The Primitive rocks from Emmons's point of view are all igneous; 
with aqueous rocks begins the Azoic, the oldest sedimentaries, and 
above the Azoic are rocks which in the past have been regarded as Azoic, 
but are found to be fossiliferous; that is, they constitute the Taconic sys
tem. We have here a definite theory as to the order of development of 
the earth, the primitive rocks being wholly pyrocrystalline, the Azoic 
stratified rocks being earlier than the dawn of life, and the Taconic 
rocks being the fossiliferous rocks earlier than the Potsdam. 

NOTES. 

I First Annual Report on the Geology of the State of Maine, Charles 1'. Jackson. 
Augusta, 1837, pp. VIII, 9-128; 24 plates. 

2 Sketch of the Geology of Portland and its Vicinity, Edward Hitchcock. Bost. 
Soc. Nat. Hist., Journal, vol. I, 1834-'37, pp. 306-347; with a geological map. 

3 Third Annual Report on the Geology of the State of Maine, Charles 'r. Jackson. 
Augusta, 1839, pp . • XIV and 1-276. 

4 General Report upon the Geology of Maine, Charles H. Hitchcock. Preliminary 
Report upon the Natural History and Geology of the State of Maine, pp.146-328. 

t> Reports on the Geology of Maine, Charles H. Hitchcock. Seventh Annual Report 
of the Secretary of the Maine Board of Agriculture, pp. 223-312, 323-332, 345-352, 
377-382, 388-395, 404-413, 422-430; map. 

6 The Geology of Portland, Charles H. Hitchcock. Proc. Am. Assoc. Adv. Sci., 
vol. XXII, pp. 163-175. 

7 Geology of the Region about the Head Waters of the A udroscoggin River, Maine, 
J. H. Huntington. Ibid., 26th meeting, pp. 277-286. 



430 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 86. 

8 The Geology of the Island of Mount Desert, Maine, Nathaniel Southgate Shaler. 
Eighth Ann. Rept. U. S. Geol. Survey, 1886-'87, pp. 987-1061; 13 pls. 

9 First Annual Report on the Geology of New Hampshire, Charles T. Jackson. 
Concord, 1841, pp. 164. 

1o F:i:nal Report on the Geology and Mineralogy of the State of New Hampshiro, 
with Contributions toward the Improvement of Agriculture and Metallurgy, Charles 
T. Jackson, pp. VIII, 376; with a map and sections. 

u On the Geological Age of the White Mountains,· Henry D. and William B. Rogers. 
Am. Jour. Sci., 2d ser., vol. I, pp. 411-421. 

tz On the Geological Age of the White Mountains, Charles T. Jackson. Proc. Bost. 
Soc. Nat. Hist., vol. II, pp. 147-148. 

13 The Geology of New Hampshire, C. H. Hitchcock, State Geologist; J. H. Hunt
ington, Warren Upham, G. W. Hawes, assistants; vol.n, Concord, 1877, pp.684; with 
a six-sheet geological map. See, also, by C. H. Hitchcock, ibid., vol. r, pp. 667; with 
maps. First Annual Report on the Geology and Mineralogy of New Hampshire, 
Manchester, 1869, pp. 36, and a map. Second Annual Report on the Geology and 
Mineralogy of New Hampshire, Manchester, 1870, pp. 37; map. Report of the Geo
logical Survey of the State of New Hampshire, showing its progress during the year 
1870, Nashua, 1871, pp. 82. Report of the Geological Survey of New Ham1)shire, its 
progress during 1871, Nashua, 1872, pp. 56, and map. Norian Rocks in New Hamp
shire; Am. Jour. Sci., 3d ser., vol. III, pp. 43-47. Recent Geological Discoveries 
among the White Mounta,ins, New Hampsl;tire. Proc. Am. Assoc. Adv. Sci., 21st 
meeting, pp. 135-151. Report of the Geological Survey of the State of New Hamp
shire, showing its progress during the year 1872, pp. 15. On the Classification of the 
Rocks of New Hampshire. Proc. Bost. Soc. Nat. IIist., vol. xv, pp. 304-309. On 
Helderberg Rocks in New Hampshire. Am. Jour. Sci., 3d ser., vol. vn, 1874, pp. 
468-476, 557-571. Geology of the White Mountains, Appalachia, vol. I, pp. 70-76. 

H Mineralogy and Lithology, Geo. W. Hawes. Geology of New Hampshire, vol. 
III, part 4, pp. 1-262; 12 plates. 

ts The Albany Granite, New Hampshire, and its contact phenomena, George W. 
Hawes. Am. Jour. Sci., 3d ser., vol XXI, 1881, pp. 21-32. 

t6 Significance of Oval Granitoid Areas in the Lower Laurentian, C. H. Hitchcock. 
Bull. Geol. Soc. Am., vol. I, pp. 557-558 (abstract). Discussion by G. H. ·williams. 

tr First Annual Report on the Geology of Vermont, C. B. Adams. Burlington, 1845, 
pp. 92; with a map. 

1s Second Annual Report on the Geology of Vermont, C. B. Adams, Burlington, 
1846, pp. 267. 

HI Third Annual Report on the Geology of the State of Vermont, C. B. Adams. Bur
lington, 1847, pp. 32. 

20Extract from Z. Thompson's Address on the Natural History of Vermont. Pre
liminary Report on the Natural History of the State of Vermont, Augustus Young, 
Appendix 6, pp. 65-68. 

21 Report; on the Geology of Vermont, Edward Hitchcock, vol. I, pp.1-55. See also 
Report on the Geological Survey of the State of Vermont, 1858, pp. 13. On the Con
version of Certain Conglomerates into Talcose and Micaceous Schists and Gneiss, Ly 
the Elongation, Flattening, and Metamorphosis of the Pebbles and the Cement. Am. 
Jour. Sci., 2d ser., vol. xxxr, pp. 372-392. 

22 Azoic Rocks, C. H. Hitchcock. Report on the Geology of Vermont, vol. r, pp. 
452-469,471-474,533-558. 

23Unstratified Rocks! Edward Hitchcock. Ibid., vol. n, pp. 559-578. 
24 Dikes of Chittenden County, Prof. Thompson. Ibid., vol. n, pp. 579-594. 
25Notes on the Sections, C. H. Hitchcock. Ibid., vol. n, pp. 595-682. 
20 Report relating to the Geology of Northern Vermont, S. R. Hall. [Lid., VOJ. n, 

pp. 719-730. 



VAN lliSE.) EASTERN UNITED STATES. 431 

27 The Geology of Vermont, Charles H. Hitchcock. Proc. Am. Assoc. Adv. Sci., 16th 
meeting, pp. 120-122. 

28 0n some Points in the Geology of Vermont, T. Sterry Hunt. Am .. Jour. Sci., 2d 
ser., vol. XLVI, 1868, pp. 222-229. 

2\1 The Inclusions in the Granite of Craftsbury, Vermont, Calvin McCormick. Pro c. 
Phil. A cad. Sci., 1886, pp. 19-24. 

30 Remarks on the Geology and Mineralogy of a Section of Massachusetts on Con
necticut River, with a part of New Hamphshire and Vermont, Edward Hitchcock. 
Am. Jonr. Sci., 1st ser., vol. I, pp. 105-116, 436--439; with a map. 

31 Sketch of the Mineralogy and Geology of the vicinity of \Villiams College, \Vil
liamstown, Massachusetts, Prof. Chester Dewey. Ibid, vol. I, pp. 337-346; with a 
map. 

32 Geological Section from Taconick Range, in Williamstown, to the City of Troy 
on the Hudson, Prof. Chester Dewey. Ibid., vol. II, pp. 246-248. 

33A Sketch ofthe Geology, Mineralogy, anu scenery of the regions cont,iguous to 
/ the river Connecticut. With a geological map an_cl drawings of organic remftins, 

and occasional botanical notices, Rev. Edward Hitchcock. Ibid., vol. VI, pp. 1-86, 
201-236; vol. vii, pp. 1-30. 

34 A Sketch of the Geology anu Mineralogy of the Western part of Massachusetts 
and a small part of the adjoining States, Prof. Chester Dewey. Ibid., vol. VIII, 1824, 
pp. 1-60, 240-244, with map. 

3nNotices of the Lead Mines and Veins of Hampshire County, Massachusetts, and of 
the Geology and Mineralogy of that region, Alanson Nash. Ibid., vol. xu, pp. 238-
270, with a map. 

36Report on the Geology, Mineralogy, Botany, and Zoology of Massachusetts, Ed
ward Hitchcock, pp. xn and 702, with atlas. See also Report on the Geology of 
Massachusetts, examinecl under the direction of the government of that State, dur
ing the years 1830 and 1831. Am. Jour. Sci., 1st ser., vol. xxn, pp. 1-70, with a geo
logical map. Report on a Reexamination of the Economical Geology of 1\I:tsRachu
setts, pp. 139. Section from Boston to the west line of Plainfield. A Geological and 
Agricultural Survey of the district adjoining the Erie Canal, Albany, 1824, pp. 158-
163, and a plate. 

37Final Report on the Geology of Massachusetts, Edward Hitchcock. 2 vols., pp. 
831, with maps ancl pbtes. 

3B0n the Probable Age aml Origin C)f a Bed of Plumbago and Anthracite occurring 
in nnca-schist nc·a,r Worcester, Massachusetts, C. Lyell. Quart. Jour. GeoL Soc., 
London, vol. I, 181-5, pp. 199-202. 

3\1Proofs of the Protozoic Age of some of the Altered Rocks of Eastern 1\fasRachu
setts, from Fossils recently discovered, \V. B. Rogers. Proc. Am. Acad., vol. III, pp. 
315-318. 

40Geological Section from Greenfield to Charlemont, Massachusetts, C. H. Hitch
cock. Proc. Bost. Soc. Nat. llist., vol. VI, pp. 330-332. 

41The Geology of Marblehead, J. J. H. Gregory. Proc. Essex Institute, vol. II, pp. 
306-311. 

42 Section of Rocks at Bg,se of the South Mountain Emc>ry Uecl of Chester, Mas1-1achn 
setts, C. T. Jackson. Proc. Bost. Soc. Nat. lii~:;t., vol. x, p. 86. 

430n the Relation of the Rocks in the Vicinity of Boston, N. S. Shaler. Ibid., vol. 
XIII, pp. 172-177. 

4·1 On the Relation of some of the Rocks of the Boston Basin, C. T. Jackson. Ibid., 
VOl. XIII., pp. 177-178. 

450n the Quartzite, Limestone and Associated Rocks in the Vicinity of Great Bar
rington, Berkshire County, Massachusetts, James D. Dana. Am .. Jour. Sci., 3d ser., 
vol. IV, pp. 362-370, 450-453; vol. v, pp. 4.7-53, 84-91; vol. VI, pp. 257-278, with map. 

460n the Geology of the Vicinity of Boston, '1'. Sterry Hunt. Bost. Soc. Nat. Hist. 
Proc., vol. XIV, pp. 45-4.9. 



432 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL.86. 

47 Views on the Eozoonal Limestone of Eastern Massachusetts, L. S. Burbank. 
Ibid., vol. XIV, pp. 190-198. See also pp. 199-204. 

•sNotes on the Geology of Eastern Massachusetts, W. W. Dodge. Ibid., vol. xvn, 
pp. 388-419. See also, Ibid., vol. xxr, pp. 197-215. 

49Report on the Geological Map of Massachusetts, W. 0. Crosby. Boston, 1876, 
pp. 42. 

50 Geology of the Nashua Valley, L. S. Burbank. Report on the Geological Map of 
Massachusetts, W. 0 Crosby. Boston, 1876, pp. 43-52. 

51 Note on the Helderberg Formation of Bernardston, Massachusetts, and Vernon, 
Vermont, James D. Dana. Am. Jo11r. Sci., 3d ser., vol. xrv, pp. 379-387. See, also, 
On the Relations of the Geology of Vermont to that of BerkshiTe. Ibid., vol. XIV, 

pp. 37-48, 132-140, 202-207, 257-264. 
&20n the Classification of Rocks, M. E. Wadsworth. Bull. Mus. Comp. Zool., vol. 

v, pp. 275-287. 
~3Contributlons to the Geology of Eastern Massachusetts, William 0. Crosby, pp. 

286, with a map. 
MThe Felsites a.nd the Associated Rocks north of Boston, J. S. Diller. Bull. Mus. 

Comp. Zool., Harvard, vol. vu, pp. 165-180. 
M0n the Relation of the Quincy.Granite to the Primordial Argillite of Braintree, 

Massachusetts, M. E. Wadsworth. Proc. Bost. Soc. Nat. Hist., vol. XXI, 1880-1882, 
pp. 274-277. 

o60n the Trachyte of Marblehead Neck, Massachusetts, M. E. Wadsworth. Ibid., 
pp. 288-294-. 

n7The Argillite and Conglomerate of the Boston Basin, M. E. Wadsworth. Ibid., 
vol. XXII, pp. 130-133. 

58 Note on a fossil coal plant found at the graphite deposit in mica-schist, at Wor
cester, Massachusetts, Joseph H. Perry. Am. Jour. Sci., 3d ser., vol. XXIX, pp.157-
158. 

590n the Geology at Great Barrington, Massachusetts, Alexis A. Julien. Trans. 
New York Acad. Sci., vol, vn, pp. 21-39. 

oo Geology of Hampshire County, Massachusetts, B. K. Emerson. Gazeteer of 
Hampshire County, Massachusetts, 1654-1887. Edited by W. B. Gay, Syracuse, New 
York; pp. 10-22. 

61 Relations of the Conglomerate and Slate in the Boston Basin, W. 0. Crosby. 
Proc. Bost. Soc. Nat. Hist., vol. XXIII, 1884-1888,·pp. 7-27. 

62The Geology of Cape Ann, MassachusettA, Nathaniel Southgate Shaler. Ninth 
Ann. Rept. U.S. Geol. Survey, 1887-'88, pp. 529-611; with plates. 

63 A description of the "Bernardston Series" of Metamorphic Upper Devonian 
Rocks, Ben K. Emerson. Am. Jour. Sci., 3d ser., vol. XL, 1890, pp. 263-275, 362-374. 

114 Porphyritic and Gneissoid Granites in Massachusetts, B. K. Emerson. Bull. Geol. 
Soc. Am., vol. I, pp. 559-561, (abstract). 

65 The Relation of Secular Rock Disintegration to certain Transitional Crystalline
Schists, Raphael Pumpelly. Ibid., vol n, pp. 209-~~4. 

WJ Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. 
Wolff, T. Nelson Dale, and Bayard T. Putnam, Part 1; submitted in 1889. General 
Structure and Correlation, Raphael Pumpelly. 

67Geology of Hoosac Mountain, J, E. Wolff. Ibid., Part 2; submitted in 1889. 
68 Mount Grey lock: Its Structural and Areal Geology, T. Nelson Dale. Ibid. Part 3; 

submitted in 1889. See also The Greylock Synclinorium. Am. Geol., vol. VIII, 1891, 
pp.1-7. 

6\1 Report on the Geological and Agricultural Surve.Y of the State of Rhode Island, 
Charles T. Jackson. Providence, 1840, pp. viii, 312; map and plate. 

70 A Geological History of Manhattan or New York Island, Issachar Cozzens, jr. 
New York, 1843, pp.114; with map and sections. 

' 1 On the origin of :flattened and contorted pebbles in rocks of Roxbury, Newport, 



VANHISE.) EASTERN UNITED STATES. 433 

etc., and on depth of decomposition of rocks at Dahlonega, Georgia, C. 'f. Jackson. 
Proc. Bost. Soc. Nat. Hist., vol. VII, pp. 35-1; see also Alteration in Roxbury Conglom
erate and that of Rhode Is!and. Ibid., vol. IX, pp. 57. 

72 Geology of the Islantl of Aq nidneck, Charles H. Hitchcock. Proc. Am. Assoc. 
Adv. Sci., 14th meeting, 1861, pp. 112-137. 

73 A Contribution to the Geology of Rhode Island, T. Nelson Dale. Proc. Bost. Soc. 
Nat. Hist., vol. xxn, 1882-'83, pp. 179-201; with plates. 

H Sketches of a tour in the counties of New Haven and Litchfield, in Connecticut, 
with notices of the Geology, Mineralogy, and Scenery, etc., Benjamin Silliman. Am. 
Jour. Sci.,1st ser., vol. n, pp. 201-235. 

75 Geological Notices, W. W. Mather. Ibid., vol. XXI, pp. 94-99; with section. 
76 Sketch of the Geology and Mineralogy, of New London aud ·windham Counties, 

Connecticut, Wm. W. Mather. Norwich, 1834, pp. 36, aud a map. 
11 Report on the Geology of the State of Connecticut, James G. Percival. Now 

H:wen, 1842, pp. 495, and a map. 
7!! Green Mountain Geology. On the Quartzite, James D. Dana. Am. Jour. Sci., 

3d ser., vol. III, pp.179-186, 250-256. 
79 On the Relations of the Geology of Vermont to that of Berkshire, James D. Dana. 

Ibid, vol. XIV, pp. 37-48,132-140,202-207,257-264. 
so The Atlantic System of Mountains, C. H. Hitchcock. Appalachia, vol. r, pp. 

11-14 (abstract). 
llJ Note on the Age of the Green Mountains, James D. Dana. Am. Jour. Sci., 3d ser., 

vol. xrx, pp.191-200. 
82 On the Southward Ending of a Great Synclinal in the Taconic Range, James D. 

Dana. Ibid., vol. XXVIII, pp. 268-275; with a map. 
83 Geological Sections across N cw Hampshire and Vermont, C. II. Hitchcock. Bull. 

No.5, Am. Mus. Nat. Hist., pp.155-179; with a map and 2 plates. 
84'fhe Geology of Northern New England, C. H. Hitchcock; pp.1-5, 1-17. 
s5 Second Contribution to the Studies of the Cambrian Faunas of North America, C. 

D. Walcott. Bull. U. S. Geol. Survey, No. 30, pp. 369, 33 plates. See also the Cttmbrian 
System in the United States and Canada. Bull. Phil. Soc., Washington, vol. VI, pp. 
98-102. 

!!6The Taconic System of Emmons, and the use of the name Taconic in Geologic 
Nomenclature, Charles D. Walcott. Am. Jour. Sci., 3d ser., vol. xxxv, 1888, Pl)· 
229-242,307-327, 394-401; with plate. 

87 Stratigraphic Position of the Olenellus Fauna in North America and Europe, C. 
D. Walcott. !did., vol. XXXVII, pp. 374-392; vol. XXXVIII, pp. 29-42. 

ss Discovery of native crystallized carbonate of magnesi[t on Staten Island, with a 
notice of the geology and mineralogy of that island, James Pierce. Am. Jour. Sci., 
1st ser., vol. I, 1818, pp. 142-146. 

89 An Essay on the geology of the Hudson River, and the adjacent regions, Samuel 
Akerly. New York, 1820, pp. 69; with a section. 

ooGeological and Mineralogical notice of a portion of the northeastern part of the 
State of New York, Augustus E. Jessup. Journal Philadcl1)hia Acad. Sci., vol. n, 
pp. 185-191. 

111 An Outline of the Geology of the Highlands on the H.iver Hudson, Prof. Amos 
Eaton. Am. Jour. Sci., 1st ser., vol. v, 1822, pp. 231-235. 

gz A Geological and Agricultural Survey of the District adjoining the Erie Cana.I,in 
the State of New York, Amos Eaton. Albany, 182±, pp.157; with a geological pro
file. 

s:1 First annual report of the second geological district of New York, Ebenezer 
Emmons. First Ann. Rept. Geol. Survey of New York, pp. 97-150, and a map. 

94 First annual report of the geologioal survey of the thinl <listrict of New York1 
T. A. Conrad. Ibid., pp.155-186. 

Bull. 86-28 



434 PRE-CAMBRIAN ROCKS OF NORTH A~IEIUCA. [BULL. 86. 

95 Report of the geologist of the :first geological district of the State of New York, 
\V. W. Mather. Second Ann. Rept. Geol. Survey of .~.'cw York, pp.121-183. 

96 Report of the geologist of the second geological district of New York, Ebenezer 
Emmons. Ibid., pp. 185-250; map. · 

y; Second anunal report of so much of the geological survey of tlw tlt ir<l (listrict of 
New York as relates to objects of immediate utility, Lardner Vanuxem. Ibid., 
pp. 253-286. 

98 Third annnal report of the geologist of the first geologicaltlistrict of New York, 
W. W. Mather. Thiru Ann. Rept. Geol. Survey of New York, pp. 69-13.!. 

119 Report on the geology ofOrange County, vV.llorton. Ibid., 1Jp.135-175. 
100 Report on the geology of New York County, L. D. Gale. IIJid., pp.177-199. 
l01 Thinl annnal report of the survey of the second geologieal district, Ebenezer 

Bmmous. Ibid., pp. 201-239. 
10i:F"ourth annnal report of the snn'ey of the secollll geological (listrict, EIJeuozer 

Emmons. Fourth Ann. Hept. Geol. Snrvey of New York, pp. 259-333. 
10·' Fourth annual report of the geological survey of the thinl distriet, Lanlner 

Vannxem. Ibid., pp. 35i>-383. 
101 Fifth annual report of the geological survey of the first geological (listriet, W. W. 

Mather. Fifth Ann. Rept. Geol. Survey of New York, pp. 63-112. 
w.; Fifth annual report of the survey of the oecoll(l geological district, Ebenezer 

Emmons. Ibid., llP· 113-136. 
1ooGeology of New York (nort.hern district) Ebenezer Emmons. Albany, 18J2, pp. 

438; 17 plates. 
wtGeology of New York, part III (central district), Lardner Vaunxem. Albany, 

1842, pp. 307. 
wa Geology of New York, p;u·t I (southl3astern district), \Villiam \V. Mather. 

Alhruny, 1813, pp. xxx:vii, 655; 46 plates. 
lOQA Geologic:1l History of Manh<tttan or New York Island, Issachar Cozzens, ,ir. 

New York, 18-13, pp. 114, with map and sections. 
110 Agriculture of New York, Ebenezer Emmons. Albany, vol. I, 18-16, pp. 371; 

21 plates. ~lap separate. 
m Geognostische Skizze der Umgegend von New York, H. Credner. Zeit. <1. deutsch. 

Geol. Gesell., Band 17, pp. 388-~98, antl plate. 
m Geolvgicn1 Sketch of the Neighborhootl of Rossie, Thomas Macfarlane. Can. 

Nat., 2d ser., vol. II, pp. :?67-275. 
11a Report upon the Past and Preseut History of the Geology of New York Island, 

R. P. Stevens. Annals N.Y. Lycenm Nat. Hist,, vol. VIII, pp. 108-120. 
114Notcs on the LiLhology of tho Adirondacks, Albert R. Leeds. Thirtieth Ann. 

Rept. on the N.Y. State M:nsenm of Nat. Hist., by the regents of the University of 
the State of Now York. Albany, 1878, pp. 79-109. 

u5 On tho Geological Relations of the Limestone Belts of \Vestchcster County, 
New York, James D. Dana. Am. Jour. Sci., 3d ser., vol. xx, 1880, p_p. 21-32,19-1-220, 
359-3751 450-456 j vol. XXI, 1881, l'P· 425-443 j vol. XXII, 1881, pp. 103-119, 313-315, 
327-335. 

u6Geological Age of the Taconic System, Prof. James D. Dana. Quart. Jour. Geol. 
Soc., London, vol. XXXYIII, 1882, pp. 397-408; "\Yith plate. 

mRemarks on Serpentine of Staten Island, J. S. Newberry. Trans. N.Y., Acad. 
Sci., vol. r, pp. 57-58. 

liS The Geology of Port Henry, New York, T. Sterry Hunt. Can. Nat., 2d ser., 
vol. x, pp. 420-422. 

m•Note on the Cortlandt and Stony Point Hornblendic and Augit.ic Rooks, James 
D. Dana. Am. Jour. Sci., 3d ser., vul. XXVIII, 1884, pp. 384-386. 

120 Laurentian Magnetic Iron Ore Deposits from Northern New York, Charles E. 
Hall. Report of the State Geologist for the yca,r 1884, pp. 23-24, with a geological 
map of Essex county. 



VAN Hl.SE.) EASTERN UNITED STATES. 435 

121 On a Schistose Series of Crystalline Rocks in the Adirondacks, N. L. Britton. 
Trans. N.Y. Acad. Sci., vol. v, p. 72. 

12-2 On the Adirondack Region, A. A. Julien. Ibid., p. 72. 
123 A Geological Reconnaissance in the Crystalline Rock Region, Dutchess, Put

nam, and ·westchester counties, New York, John C. Smock. Thirty-ninth Ann. 
Rept. of the Trustees of the State Museum of Natural History for the year 1885, pp. 
166-185, with map. 

124 Report on Building Stones, .Tames Hall. Ibid. , pp. 176-225. 
125 The Peridotit.cs of the "Cortlandt Series" on the Hudson river, ncar Peekskill, 

N.Y., George H. Williams. Am. Jonr. Sci., 3d ser., vol. xxxr, 1886, pp. 26-41. The 
Noritcs of the" Cortlandt Series" on the Hudson river, near Peekskill, N. Y., 
George II. Williams. Ibid., vol. xxxm, 1887, pp. 135-144, 191-199. Tho GabhrOB 
and Diorites of the "Cortlandt Series" on the Hudson river near Peekskill, N. Y., 
George II. Williams. Ibiu., vol. xxxv, 1888, pp. 438-4<18. The Contact-l\Ict:tmor
phism produceu in the adjoining Mica-Sehi!'its and Limestones by the Massive Hocks 
of the "Cortlandt Seties ''near Peekskill, N. Y.J George H. ·williams. Ibid., vol. 
XXXVI, 1888, pp. 25"1-269 i with plate. 

1~6Ad<litional Notes on the Geology of Staten Island, N. L. Britton. Trans. N.Y. 
Acacl. Sci., vol. vr, pp. 12-18. 

mThe Geology of Manhttttan Island, James 1<'. Kemp. Ibitl., vol. vu, 1887-'88, 
pp. 49-6--1; with a map. 

H8 On tho Metamorphic Strata of Sontheastern Now York, Frederick J. H. Merrill, 
Am. Jour. Sci., 3d ser., vol. xxxrx, 1890, pp. 383-392. 

12!lBased on unpnblished field-notes made by Profs. R. Pumpelly, C. D. Walcott, 
and C. R. Van Rise in the snmmer of 1890. 

130 Based on unpublished field-notes made by Profs. George H. ·williams and C. R. 
Van Rise in the summer of 1890. 

131 On the Geology and Mineralogy of Franklin, in Sussex County, New Jersey, 
Laruner Vanuxem a,nd ·william H. Keating. Journal Pbila.delphia Acad. Nat. Sci., 
vol. n, pp. 277-288. 

132 Geology, Mineralogy, Scenery, etc., of the Highlands of New York and New 
Jersey, James Pierce. Am .. Jour. Sci., 1st ser., vol. v, 1822, pp. 26-33. 

13'3 Description of tho Geology of the State of New Jersey, being a final report, 
Henry D. Rogers, pp. 301, with a map and plate. See also Report of the Geological 
Survey of the State of New Jersey, Henry D. Rogers, 1835, pp. 174. 

134 Geologic Relations of New Jersey Funklinite Veins, C.T. Jackson. Proc. Bost. 
Soc. Nat.Hist., Yol. IY, pp. 308-309. 

1'15 Report on the Northeru Division of the State, William Kitchell. Second Ann. 
Rept. Geol. Survey of New Jersey for 1855, pp.111-2.J.8, with map. 

t3G Geology of New .Jersey, George IL Cook, pp. 899, w1th portfolio of 13 maps. 
137 Annual Report of the Sta~e Geologist for the year 1873, George H. Cook, pp. 

128. 
138 Annual Report of the State Geologist for the year 1883, George II. Cook, pp. 

178, with map. 
I:w Remarks on Granite at Sparta, New Jersey, N. H. Darton. 'l'mus. N.Y. Acad. 

s'ci., vol. n, p. 25. 
Hu Annual Report of the State Geologist for the year 1881, George II. Cook, pp. 

168, 'vith map. 
wOn the Archean Rocks, N. L. Britton. Ann. Rept. of tho New Jersey Geol. Snrvey 

for 1883, pp. 36-55. 
lH Report for 1886, N. L. Britton. Ann. Rept. of the State Geologist of New .Jersey 

for the year 1886, pp. 74-112. See also On Recent Field Work in the Ar('lH'an Area 
of northern New Jersey ancl southeastern New York. School of l\fiues Quarterly, 
Columbia College, vol. rx, pp. 33-39. 

143 On an Archean Plant, N. L. Britton. Trans. N.Y. Acad. Sci., vol. vn, p. 80. 



436 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86. 

144 Geological Studies of the Archean Rocks, FrankL. Nason. Ann. Rept. of the 
State Geologist of New Jersey for the year 1889, pp.12-65. 

145 The Post-Archean Age of the White Limestones of Sussex County, New Jersey, 
FrankL. Nason. Ann. Rept. of the State Geologist -for the year 1890, pp. 25-50, with 
a map and sections. See also Am. Geol., vol. VIII, 1891, pp. 166-171. 

146 A Sketch of the Geology of the Country near Easton, Pa., with a catalogue of the 
minerals and a map, John Finch. Am. Jour. Sci., 1st ser., vol. VIII, 1824, pp. 236-240. 

147 On the Geology and Mineralogy of the country near West Chester, Pa.~ F. }'inch. 
Ibid., vol. XIV, 1828, pp.l5-18. 

148 The Geology of Pennsylvania, Henry Darwin Rogers; 2 vols., 586 pp. and 1046 
pp., atlas of two maps, Philadelphia, 1858. See also, by the same author, Third 
Annual Report of the Geological Survey of the State of Pennsylvania, Harrisburg, 
1839, pp. 118. Fourth Annual Report on the Geological Survey of the State of Penn
sylvania, Harrisburg, 1840, pp. 252. Fifth Annual Report on the Geological Explora
tion of Pennsylvania, Harrisburg, 1841, pp.179. Classification of the Metamorphic 
Strata of the Atlantic Slope of the Middle and Southern States. Proc. Boat. Soc. Nat. 
Hist., vol. VI, pp, 140-145. 

14~ Bowlders of Hornblendic Rock in Gneiss near PhHadelphia, A. R. Leeds. Proc. 
Philadelphia Acad. Sci., vol. xxn, pp.134-135. 

150 Report of Progress in the District of York and Adams Counties, Persifor Frazer, 
jr. Second Geological Survey of Pennsylvania, vol. C, pp. 198,. with maps and cross
sections. 

161 Report of Progress in the Counties of York, Adams, Cumberland, and Franklin, 
Persifor Frazer, jr. Ibid., vol. CC, pp. 201-400, with maps and cross-sections. 

152 Geology of Eastern Pennsylvania, T. Sterry Hunt. Proc. Am. Assoc. Adv. Sci., 
25th meeting, pp. 208-212. 

153 The Brown Hematite Deposits of Lehigh County, Frederick Prime, jr. Second 
Geological Survey of Pennsylvania, vol. DD, pp. 99, with two maps. 

1M The Geology of Lancaster County, Persifor Frazer, jr. Ibid., vol. CCC, pp. 350, 
with an atlas of 11 plates and maps. 

155 0n the Hudson River age of the Peach Bottom Slates and its bearing on the 
Geology of Southeastern Pennsylvania, Persifor Frazer,jr. Proc. Am. Phil. Soc., vol. 
XVIII, pp. 366-368. 

150 Tbe Geology of Philadelphia County and of the southern parts of Montgomery 
and Bucks, Charles E. Hall. Second Geological Survey of Pennsylvania, vol. C6, pp. 
145, with map and plate. 

157 The Geology of Lehigh and Northampton Counties, J.P. Lesley. Ibid., vol. D3; 
vol. 1, pp.1....:.82, 2 maps. 

15Sitinerary note on the South Mountain Gneiss, Charles E. Hall. Ibid., vol. D3; 
vol. I, pp. 215-258. 

159The Geology of South Mountain belt of Berks County, E. V. d'Invilliers. Ibid., 
vol. D3; vol. n, p. 441, with 6 maps. 

160Field Notes in Delaware County, Charles E. Hall. Ibid., vol. C5, part 1, pp.128, 
with a colored map. 

161 A Study of one point in the. Archean-Paleozoic con·tact line in Southeastern Penn
sylvania, Persifor Frazer. Proc. Am. Assoc. Adv. Sci., 1884, 33d meeting, pp. 394-396, 
with map. 

162 General Notes. Sketch on the Geology of York County, Pennsylvania, Persifor 
Frazer. Proc. Am. Phil. Soc., vol. XXIII, pp. 391-410, with a map. 

163A Discussion on the Rocks of Pennsylvania and New York, Theodore D. Rand. 
Trans. N.Y. Acad. Sci., vol. vm, pp. 47-51. 

164Report on the Projected Survey of the State of Maryland, J. T. Ducatel and J. 
H. Alexander. Annapolis, 1834, pp. 39. See also Am. Jour. Sci., lstser., vol. XXVII, pp. 
1-38. 

165 Some Notices of the Geology of the Country between Baltimore and the Ohio 



V AM !liSE.) EASTERN UNITED STATES. 437 

River, with a section illustrating the superposition of the rocks, Dr. William E. A. 
Aikin. Am. Jour. Sci., 1st ser., vol. XXVI, 1834, pp. 219-232. 

166 Annual Report of the Geologist of Maryland, J. T. Ducatel; pp. 33. 
167 First Report of the State Agricultural Chemist of Maryland, Philip T. Tyson. 

Annapolis, 1860, pp. 145 and 20; map. 
168The Gabbros and Associated Hornblende Rocks occurring in the Neighborhood 

of Baltimore, Maryland, George H. Williams. Bull. U. S. Geol. Survey, No. 28, pp. 78; 
4 pls. 

l69The Petrography and Structure of the Piedmont Plateau in Maryland, George 
Huntington Williams; with a Supplement on a Geological Section across the Pied
mont Plateau in Maryland, by Charles R. Keyes. Bull. Geol. Soc. of America, vol. II, 

pp. 301-322. 
170 Memoir on the Geological Survey of the State of Delaware, including the Appli

cation of the Geological Observations to Agriculture, James C. Booth. Dover, 1841, 
pp.188. 

171 Preliminary Notes on the Geology of Delaware-Laurentian, Paleozoic, and Cre
taceous areas, Frederick D. Chester. Proc. Philadelphia Acad. Sci., 1884, pp. 237-259, 
with a map. 

1' 2 The Gabbros and Associated Rocks in Delaware, Frederick D. Chester. Bull. U. 
S. Geol. Survey, No. 59, pp. 45. 

1' 3 Remarks on the "Tide Water" Gneisses of the Atlantic Coast Region, D. S. 
Martin. Trans. N.Y. Acad. Sci., vol. v, pp.19-20. 

174 0n the Geology, Mineralogy, Scenery, and Curiosities of Parts of Virginia, Ten
nessee, and the Alabama and Mississippi Teuitories, etc., with Miscellaneous Re
marks, Rev. Elias Cornelim~. Am. Jour. Sci., 1st ser., vol. I, pp. 214-226,317-331. 

175 Report of the Progress of the Geological Survey of the State of Virginia for the 
year 1839, William B. Rogers. Richmond, 1840, pp. 161. See also Preliminary Report 
(Virginia) for 1835 and Annual Reports for 1836,1837,1838. 

176Report of the Progress of the Geological Survey ofVirginia for the year 1840, 
William B. Rogers. Richmond, 1841, pp. 132. 

177 On some Points in the Geology of the Blue Ridge in Virginia, William M. Pon
'taine. Am. Jour. Sci., 3d ser., vol. IX, pp.l4-22, 93-101. 

11a On the Primordial Strata of Virginia, Willi::Lm M. Fontaine. Ibid., vol. IX, pp. 
361-369,416-428. 

179Geology of Virginia-Balcony Falls; the Blue Ridge and its Geological Con
nections; some Theoretical Considerations, J. L. Campbell. Ibid., vol. XVIII, pp. 
435-445. See also the Silurian Formation in Central Virginia. The Virginias, vol. 1, 
pp. 41-45,54-56; and Am. Jour. Sci., 3d ser., vol. XVIII, pp.16-29. 

1so The mineral resources and advantages of the country adjacent to the James 
River and Kanawha Canal and the Buchanan and Clifton Forge Railway, J. L. Camp
bell. The Virginias, vol. I, pp. 2-8, with map. 

1Ml 'l'he geology of the Blue Ridge, etc., at James River Gap, Virginia, J. L. Camp
bell. Ibid., pp. 86-87, 94. 

182 Notes on the Mineral Deposits at certain Localities on the Western Part of the 
Blue Ridge, Wm. M. Fontaine. Ibid., vol. IV, pp. 21-22,42-47, 55-59, 73-76, 92-93. 

11!3 A Reprint of Annual Reports and Other Papers on the Geology of the Vir
ginias, William Barton Rogers, pp. 832. Accompanied by maps and sections. 

184The Snowdon Slate Quarries: J. L. and H. D. Campbell. The Virginias, vol. v, 
pp. 162-163, 170. See also Geology of the Blue Ridge in James River Gap, Virginia, 
J. L. Campbell. Ibid., p. 145; Geology of the Blue Ridge near Balcony Falls, Vir
ginia; a modified view, John L. Campbell. Am. Jour. Sci., 3d. ser., vol. XXVIII, pp. 
221-223; vol. XVIII, pp, 435-445. 

1so The Struotm·e of the Blue Ridge near Harper's Ferry, H. R. Geiger and Arthur 
Keith. Bull. Geol. Soc. of America, vol. n, pp. 155-164. 



438 PRE-CAMBRIAN ROCKS OF NOHTH AMERICA. [BULL. 86. 

186 Report on the Geology of North Carolina, conductecl nmlor the direction of the 
Board of Agriculture, Denison Olmsted. Part 1, pp. 3-44. 

187 Report on the Geology of North Carolina., Dellison Olmsted. Papers on Agri
cultural subjects; conducted under the direction of the Board of Agriculture, part 
2, Raleigh, 1825, pp. 87-14-1. 

18~ On the Geology of the Gold Region of North Carolina, Elisha Mitchell. Am. 
Jour. Sci., 1st ser., vol. xvr, 1829, pp.1-19, with a map. 

189 Elements of Geology, with an outline of the Geology of North Carolina, Elisha 
Mitchell. 1842, pp.141, and a map. 

1H0 Geological Report of the Midland Counties of North Carolina, Ebenezer Em
mons. New York and Raleigh, 1856, pp. xx and 347; map a,nd 12 plates. See also! 
Report on the Geological Survey of North Carolinn, R.aleigh, 1852, pp. 182, Ex. 
Doc. No. 13; Report of progress of the present state of the Geological and Agricul
tural Survey of the State of North Carolina, for 1855. 

191 Report of the progress of the Geological Survey of North Carolina, 1866, W: C. 
Kerr. Raleigh, 1867, pp. 56. 

192 Report of the Geological Survey of North Carolina, "\V. C. Kerr, vol. 1, pp. 325, 
120. See also Second Report of State Geologist of North Carolina. Raleigh, 1869, 
pp. 57. 

1Y3 The Tin Deposits of North Carolina, John H. Furman. Trans. N. Y. Acad. Sci., 
VOl. VIII, pp. 136-145. 

194 Fifth Geological Report on the State of Tennessee, Gerard Troost. Nashville, 
1840, pp. 44, w'ith 3 maps. 

195 On the Geology of the Western States of North America, David Dale Owen. 
Quart .. Jour. Geol. Soc., London, vol. n, pp. 433-447, with a geological chart. 

196 A Sketch of the Geology of Tennessee, with a description of its minel'als and 
ores, and of its soils mJd productiveness and Paleontology, Richard 0. Currey. 
Knoxville, 1857, pp. 128 and -vi, and a map. 

1H7 Geology of Tennessee, James Merrill Safford. Nashville, 1869, pp. 551, with a 
map. See also by the same author, First, Second, a,nd Thinl Biennial Reports, 18G6, 
1857, 1859. A Geological Reconn::tissance of the St::tte of Tennessee. 

198 On the Silurian age of the Southern Appalachians, Frank H. Bradley. Am. 
Jour. Sci., 3d ser., vol. IX, pp. 279-288, 370-383. 

14!1 'fbe ::tge of the Southern App::tlachians, John B. Elliot .. Ibid., -vol. xxv, 1883, 
pp. 282-298. 

2oo Report of the Commencement and Progress of the Agricultural Sur-vey of South 
Carolina for 1843, Edmnnd Ruffin. Columbia, 1843, pp. 1-98. 

20 1 Report on the Geology of South C::trolina, M. Tuomey. Report of the Geologi
cal Survey of South Carolina, Columbia, 1846, pp. 293, with a map. See also Report 
on the Geological Survey of South Carolina; Report on the Geological and Agricul
tural Sur-vey of South Ca,rolina, Columbia, 1844, pp. 63. 

202 First Annual Report on the Progress of the South Carolina Survey for 1856, 
Oscar Montgomery Lieber. Columbia, 1858, pp. 133. 

20~ Second Annual Report on the Progress of the Survey of South Carolina for 1857, 
Oscar Montgomery Lieber. Columbia, 1858, pp. 145. 

2o• Third Annual Report on the Survey of South Carolina, Oscar Montgomery Lie
ber, pp. 223 with a map. 

20" A contribution to the geologic chronology of the Southern Al1egbanies, Oscar 
M. Lieber. Proc. Am. Assoc. Adv. Sci., 12th meeting, 1858, pp. 227-230. 

2o1; Geological anrl mineralogical account of the mining districts in the State of 
Georgia, western part of North Carolina, and of east Tennessee, Jacob Peck. Am. 
Jour. Sci., 1st ser., vol. XXIII, 1833, pp. 1-10; with a map. 

207 Report of a geologica,] and agricultnral survey of Burke and Richmond counties, 
Georgia, John Ruggles Cotting. Augusta, 1836, pp. 198. 



VANHISE.] EASTERN UNITED STATES. 43!) 

208 Report of progress of tho mineralogical, geological, and physical snrYey of the t 

State of Georgia from Sept .. 1 to Dec. 31, 1874, George Little, 1875, pp. 36. 
21~ A Physical Survey extending from Atlanta, Ga., across Aln bama and Missi~'<sippi, 

to the Mississippi River, along the line of the Georgia Pacific H.ailway, J. L. Camp
bell and \V. II. Ruffner. New York, 1883, pp. 147; with a map. 

2111 l!'irst biennial report on the geology of Alabama, Michael Tuomey. Tuscaloosa, 
18GO, pp. xxxii and 176. 

m Second biennial report on the geology of Alabama, M. Tuomey. Montgomery, 
1858, ]1p. 292. 

212 Report of progress of the geological survey of Alabama for 1874, Eugene A. SmHh. 
Montgomery, 1875, pp. 139.-

m Contribnt.ions to the geology of Alabama, E. J. Schmit,.;. Trn.ns. Am. lust. Min. 
Eng., vol. xn, pp. 144-172. 

214 Geological notes in western Virginia, North Carolina, and eastern Tennessee, N. 
L. Britton. Trans. N.Y. Acad. Sci., vol. v, pp. 215-223. 



• 

CHAPTER VIII. 

GENERAL SUCCESSIONS AND DISCUSSIONS OF PRINCIPLES. 

SECTION I. LITERATURE. 

M.ACLURE/ in 1809, places in the primitive rocks granite, gneiss, 
mica-slate, day-slate, primitive limestone, primitive trap, serpentine, 
porphyry, syeuite, topaz rock, quartz rock, primitive flinty slate, prim
itive gypsum, white stone; and in the Transition, transition limestone, 
transition trap, graywacke, transition flinty-slate, transition gypsum. 
The rocks of the Primitive prevail to the east of the Hudson river. 
Throughout the greater part of the eastern and northern states the 
sea washes the primitive rock, but to the southwestward the Primitive 
runs in a broad belt as far as Alabama, and between it and the ocean 
is a wide belt of alluvial rocks. The Transition rocks occur in one main 
belt, running in a northeast and southwest direction from New York 
to Alabama, and in several minor belts. 

E.ATON,2 in 1832, places as Primitive rocks granite, mica-slate, horn
blende rock, talcose rock, granular quartz, granular lime rock. These 
primitive rocks are all contemporaneous, excepting the granular quartz 
and lime rocks, since they alternate continually. These rocks are des
titute of organized remains. Numerous localities are given for each 
dass. 

EIYIMONS, (E.),3 in 1855, divides rocks into Pyrocrystalline, Pyroplas
tic, and Hydroplastic. 

The Pyrocrystalline comprises massive rocks, including granite, syen
ite, hypersthene, pyTocrysta.lline limestone, serpentine, rensselaerite, 
octahedral iron ore, and laminat•Jcl rocks, including gneiss, mica-slate, 
hornblende, talcose-slate, etc., laminated limestone, laminated serpen
tine. The Pyroplastic rocks comprise Subaerial, including lavas, tufa, 
or volcanic products, and Submarine, including greenstone, porphyry, 
basalt, trap. The Hydroplastic rocks comprise Paleozoic, Mesozoic, 
and Cenozoic: The Paleozoic is divided from the base upward into 
Taconic, Silurian, Devonian, Carboniferous, and Permian. Metamor
phic or Azoic rocks are not recognized as classes, as they may occur in 
all series from the earliest to the latest sediments. That gneiss, mica
slate, hornblende, and talcose slate, etc., are metamorphic altered sedi
ments there is no evidence. Azoic is objectionable because it presup
poses that our observations have made certain that which must ever 
remain doubtful. 

The Pyrocrystalline rocks are due to the consolidation of the earth's 
440 
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crust. These rocks increase in thickness by additions below. On the 
contractions of these rocks fissures are formed, through which flow 
fluid material which are hydroplastic and later. The age of rocks may 
be deduced from the perfection of their crystalline state. The pre
eminently crystalline granites are the product arising from the first 
cooling of the first crust. Granite may or may not be connected with 
the oldest masses of the globe. The granites of the United States are 
of two classes; one more ancient than the Taconic rocks, and others, 
which are later eruptions, certainly .as new as the Carboniferous. In 
New England the ancient granites are widespread, but there are also 
found granitic areas which have been erupted from fissures and which 
have overflowed wide areas and whose structure is more or less sheeted. 
It is impossible to draw lines of distil!ction between the two kinds of 
granite, except when the earlier granite is traversed by the later. The 
lamination of the laminated Pyrocrystalline rocks is probably due to 
crystallization. Gneiss, mica-slate, hornblende, and talcose slate are 
so blended that it is difficult or impossible to define their boundaries, 
and they are all regarded as contemporaneous formations. 

The oldest Hydroplastic rocks constitute the Taconic system, which 
has a clear and well defined base, rarely obscured by passages into the 
primary schists or the Pyroplastic syenites or granites. This system is 
limited above by the Silurian system, at the base of which is the Pots
dam sandstone. The thickness of this system is from 25,000 to 30,000 
feet. Sediments of all systems must necessarily consist of the same 
materials. Sandstones, limestones, slates, conglomerates, and breccias 
must make up the matter which composes them; but a comparison of 
the lower members of the Taconic and the Silurian show a decided 
difference in mineral constitution. The first partakes of the primary 
character of the granite, gneiss, mica, and talcose slatQ.s of the Pyro
crystalline rocks, from the last two of which it is often difficult to dis
tinguish them, while the materials of the Silurian are derived from the 
Taconic rocks. The Taconic system, from the base upward, comprises 
(1) conglomerates and breccias; (2) limestones; (3) slate of enormous 
thickness; ( 4) dark-colored Taconic slates; (5) sparry limestones. The 
absence of fossils in the Taconic rocks is thought to be due to the prob
able absence of animals and plants ~t the time the Berkshire limestone 
and earlier Taconic rocks were deposited. In the Upper Taconic rocks 
are found remains of both plants and animals. The rocks of the 
Taconic system form a belt on both sides of the Blue ridge. On the west 
it is continuous from Canada East to Georgia. On the east it is wider 
in certain places than on the west side, but its continuity is broken. The 
Taconic system rests then on the following points: The formations of 
the series are physically unlike the Lower Silurian; it supports the 
Lower Silurian unconformably at numerous places; it is a system in 
which life existed, and the remains of organisms are left which are 
unlike those of the Lower Silurian; it carries back many stages farther 
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the time when life appeared, and represents a period va,st1y longer than 
the Silurian, although it may occupy a less superfidal area. 

LoGAN and HUNT/ in 1855, gave a geological sketch of Canada. The 
ancient rocks are divided into the Laurentian system and the Cam
brian and Huronian system. 

The rocks of the Laurentian system are almost without exception 
old sedimentary beds that have become highly crystamne; they have 
been greatly disturbed, and form mountain ranges running about north
east and southwest, and sometimes rising to heights of 800 or 1,000 
meters, and even beyond. The rocks of this formation arc the oldest 
known on the American continent, and probably correspond to the 
oldest gneisses of Finland and Scandinavia, and to similar rocks in 
the north of Scotland. Tlle rocks of the Laurentain :formation are in 
large part crystalline schists, mostly gneissoid or hornbiendic. Asso
ciated with these schists arc seen heavy stratified masses of a crystal
line ro.ck, which is almost entirely composed of feldspar with a base of 
lime and soda. With these schists and these feldspars are found strata 
of quartzite, associated with crystalline limestones which have a rather 
important place in this formation. The limestones form beds from 1 
meter to more than 100 meters thick, and often present a succession of 
thin beds, intercalated in beds of gneiss or quartzite. The quartzites 
sometimes present themselves 1mdcr the form of conglomerates, and in 
certain cases have a paste of dolomite. Beds of dolomite or of more 
or less magnesian limestone are often iHtcrcaJated with pure limestones. 
These schists, feldspan;;;, quartzites, and limestones, such as we have 
described them, ·constitute the stratified part of the Laurentian system; 
but there are, furthermore, intrusive granites, syenites, and diorites 
which form quite important masses; the granites are sometimes albitic 
and often contain tourmaline, mica in large flakes, sphene, and sulpbate 
of molybdenum. Associated with the limestones are important beds of 
hematite and limonite. Grapltite is very frequently disseminated in 
little flakes in the crystalline limestones, and forms also veins having 
sometimes a considerable thickness. Two of these are found near Gren
ville, on the Ottawa. The graphite exists in three detached bands, 
each having a thickness of about 12 centimeters. 

In the Cambrian and IItuonia~ system are found the rocks on the 
north shores of lakes Huron and Superior where are present a series of 
schists, sandstones, limestones, and conglomerates, interspersed with 
heavy layers of diorite, and resting unconformably O¥ the Laurentian 
system. As these rocks are lower than the Silurian terrane, and as 
they have thus far not yielded a single fossil, they may well be referred 
to the Cambrian system (the Lower Cambrian of Sedgwick). The 
schists of this system, on lake Superior, are bluish, and inclose layers 
of horn flint, having calcareous bands, and whose cracks are often filled 
);Vith anthracite. These rocks are covered with a considerable thickness 
of trap, on which are superposed heavy beds of white and red sand-
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stone, which sometimes pass into a state of conglomerate, incloRing 
globes of quartz and jasper. Beds of a reddish argillaeeous limesione 
are found interspersed with these sandstones, which are cut through 
and covered by a second formation of diorite of great tbickness, offering 
a colum11ar structure. This formation, which has a total thickneRR of 
nearly 4,000 meters, is traversed by a great number of trap dikes. In 
the corresponding formation of the north shore of lake Huron are found 
sandstones having a more vitreous aspect, and conglomerates more 
abundant than on lake Superior, associated, however, with scldsts and 
schistose conglomerates, resembling those which we have just described, 
the whole presenting great masses intercalated with diorite. A layer 
of limestone having a thickness of 16 meters forms part of this series. 
After the eruption of the interstratified diorites have appeared two 
systems of dikes of diorite, and a third of granite, of an epoch inter
mediate between the two latter. The formation of the metalliferous 
veins belongs to an epoch still more recent. 

This Huronian formation is observed over a distance of nearly 150 
leagues on lakes Huron and Superior. 

DANA,5 in 1863, gives an account of the Azoic age. This age is de
fined as the age in the earth's history preceding the appearance of 
animal life. Among the Azoic rocks are ineluded all the rocks that 
are older than the Potsdam sandstone of New York, between which 
and the Azoic general unconformable relations obtain. The Azoic 
rocks constitute the only universal formation. They cover the wl10le 
globe, and were the floor of the occanR and the rocks of all emerged 
land when animal life was first created. But subsequ~ent operations 
over the sphere have buried the larger part of the ancient surface, and 
to a great extent worn away and worked up anew its material, so that 
the area of the old floor now exposed to view is small. The Azoic 
regions include Canada north of the St. Lawrence, reaching northeast 
from lakes Huron and Superior to Labrador, and continuing northwest 
to the Arctic ocean, the Adirondaeks of northern New York, a similar 
area south of lake Superior, west of the Mississippi a small area in 
Missouri, the Bhwk hills in Dakota, the Laramie range in Nebraska, 
part of the Ozark mountains in Arkansas; and in northern New Jersey 
Azoic gneiss7 limestone, and other crystalline rocks containing beds of 
iron ore. The rocks of the Azoic are mostly of the metamorphic series, 
related to granite, gneiss, syenite, and the like, but they embrace only 
the most ancient of these rocks. The Azoic rocks are nearly all crys
tn,lline, a few sandstones, slates, and conglomerates being the only 
exceptions. They are remarkable for the small amount of silica they 
contain, as shown in the diorites and labradorite rocks. Prevalence of 
iron ore is another characteristic, and none of the minerals are simple 
silicates of almninum. While the Azoic rocks are crystalline they 
follow one another in variations and alternations like sedimentary beds 
of later date. Granite or gneiss may lie between layers of slate or 
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schist, and quartz-rock may have any place in the series. The Azoic 
rocks are the results of alteration of sedimentary strata, as is shown 
by the fact that schists graduate into true slates, and quartzites into 
sandstones, and conglomerates and gneiss into gneissoid granite, and 
thence to true granite and syenite. As evidence of life in the Azoic 
age are cited the formations of limestone strata, the occurrence of 
graphite in the limestone, the occurrence of anthracite in small pieces 
in the iron-bearing rocks of Arendal, Norway. Crystalline rocks have 
been formed in various ages, those in New England, for instance, long 
after the Azoic; hence it is possible that some of the Azoic rocks have 
undergone a second or third alteration. subsequent to the original one 
in the Azoic age. 

LoGAN,S in 1864, gives a general account of the ancient rocks of Can
ada. He states that the rocks composing the Laurentide mountains in 
Canada and the Adirondacks in the State of New York are the oldest 
in North America. They have been shown to be a great series of strata 
which, though profoundly altered, consist chiefly of quartzose, alumin
ous and argillaceous rocks, like the sedimentary deposits of less ancient 
times. This great mass of crystalline rocks is divided into two groups 
and it appears that the Upper (Labradorian) rests unconformably upon 
the Lower (Laurentian) series. The united thickness of these two 
groups in Canada can not be less than 30,000 feet, and probably much 
exceeds it. A third Canadian group, the Huronian, has been shown by 
Murray to be about 18,000 feet thick, and to consist chiefly of quartz
ites, slate conglomerates, diorites, and limestones. The horizontal 
strata, which form the base of the Lower Silurian in western Canada, 
rest upon the upturned edges of the Huronian ~eries, which, in its turn, 
unconformably overlies the Lower Laurentian. The Huronian is be
lieved to be more recent than the Upper Laurentian series, although 
the two formations have never yet been seen in contact. 

The united thickness of these three great series may possibly far 
S"!Irpass that of all the succeeding rocks, from the base of the Paleozoic 
series to the present time. We are thus carried back to a period so 
remote that theappearanceof the so-called Primordial fauna maybe con
sidered a comparatively modern event. We, however, find that, even 
during the Laurentian period, the same chemical and mechanical proc
esses which have ever since been at work disintegrating and recon
structing the earth's crust were in operation as now. In the con
glomerates of the Huronian series there are inclosed bowlders derived 
from the Laurentian, which seem to show that the parent rock was 
altered to its present crystalline condition before the deposition of the 
newer formation, while interstrati:fied with the Laurentian limestones 
there are beds of conglomerate, the pebbles of whic~ are themselves 
rolled fragments of still older laminated sand-rock, and the formation 
of these beds leads us still further into the past. 

In both the Upper and Lower Laurentian series there are several 
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zones of limestone, each of sufficient volume to constitute an inde
pendent formation. Of these calcareous masses it has been ascer
tained that three, at least, belong to the l..Jower Laurentian. But as 
wedonotasyetknowwithcertaintyeither the base or the summitofthis 
series, these three may be conformably followed by many more. Although 
the Lower and Upper Laurentian rocks spread over more than 200,000 
square miles in Canada, only about 1,500 square miles have yet been 
fully and connectedly examined in any one district, and it is still 
impossible to say whether the numerous exposures of Laurentian 
limestone met with in other parts of the province are equivalent to 
any of the three zones, or whether they overlie or underlie them aU. 
As evidence of life in the Laurentian limestone, are graphite, great 
beds of iron ore, and the prm;ence of recognizable organic forms resem
bling Stromatopora. 

HUNT,7 in 1867, again characterizes the Laurentian and Huronian 
rocks. 

Under the name of Laurentian tenain, the Geologic Commission of 
Canada at first comprehended two distinct serie& of rocks, one restinf{ 
unconformably on the other, which it afterward distinguished as Lower 
Laurentian and Upper Laurentian or Labradorian. The first of thes•j 
two series conesponds to the primitive gneiss (Urgneiss) of Scandinavia 
and of the west coast of Scotland. After carefully studying this ancient 
gneissic system of North America, the Geologic Commission of Canada 
gave it the name of Laurentian system, taken from the Laurentide 
mountains. As early as 1855 the conviction was expressed that it is 
identical with the primitive gneiss of European countries, an iden
tity which afterwards was established by JYiurchison for Scotland. 
More recently, Gumbel and von Hochstetter, after an exhaustive 
study of the old gneiss of Bavaria and Bohemia, enunciated its iden
tity with the Laurentian tenain of Canada, a conclut:lion which the 
former of these scientists, mqreover, supported by a comparison of the 
organic remains of the two regions. 

The Lower Laurentian is composed of crystalline schists, a large part 
of which are gneiss, at times granitoid, with quartzites often conglom
erates, amphibolic and micaceous schists, pyroxenic rocks, ophiolites 
and limestones sometimes magnesian. These limestones, ordinarily 
very crystalline, are found united in three great distinct formations, 
each having a mean volume of 1,000 to 1,500 feet, and separated by still 
more considerable masses of gneiss and quartzite. The measured thick
ness of this series on the Ottawa exceeds 20,000 feet, which is prob
ably far from representing the total volume of the system, which, in 
Bavaria, is supposed to attain not less than 90,000 feet. In Hastings 
county, to the north of lake Ontario, there is found resting conformably 
on Laurentian gneiss a series of at least 20,000 feet of crystalline 
schists, comprising a great thickness of impure limestones and calcare
ous schists, and terminating in a heavy mass of dioritic rocks. It 
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seems established that this series, which difl:'ers sensibly by the suc
cession of the beds and by its lithological characters from that described 
above, belongs also to the Lower Laurentian, of which it would form a 
higher member; and thus the known thickness of this system in Canada 
would rise to at least 40,000 feet. 

The Upper Laurentian or Labradorian terrain is found resting, 
in the form of patches, unconformably on the Lower Laurentian, 
both on the Hastings series and on the Ottawa series, where it often 
occupies a width of several miles. It is found at intervals from lake 
Huron to the coasts of Labrador, and is everywhere recognized by its 
lithological characters. This Labradorian terrain inclosed gneiss with 
orthose, with quartzites and crystalline limestones, . but its predomi
nating element is an anorthosite, or rock composed essentially of a 
feldspar of the sixth system, with a mixture of pyroxene, often assum
ing the form of hypersthene. This anorthosite is sometimes gneissoid, 
and even :fine grained; but it assumes rather often a granitoid structure, 
with great cleavable forms in the feldspar. The latter is ordinarily ande
site or labradorite, of which it sometimes presents :fine opalescent 
varieties resembling those brought from Labrador. The thickness 
attained by the Upper Laurentian terrain is not certain, but it prob
ably exceeds 10,000 feet. The Lower Laurentian presents nothing that 
resembles the anorthosites of the Upper Laurentian, which form the 
highest summits of the Adirondacks, and seems to be identical with the 
hypersthenites of the Hebrides of Scotland, described by MacCulloch. 
The limestones of the Lower Laurentian of Canada inclose organic 
remains, principally belonging to an organism studied and described 
by Dawson, who has given it the name of Eozoon canadense. 

The Lower l;aurentian terrain is affectecl by many undulations that 
have upraised the beds, rendering them at times almost vertical. The 
mean direction of these foldings is about north and south, but sec
ondary undulations from east to west appear in the region north of the 
Ottawa, the only one where thus far it has been possible to study the 
intimate structure of this terrain. The beds of the Upper Laurentian 
also are upraised at high angles, but the structure of this terrain, which 
has evidently undergone part of the movements that affe~ted the lower, · 
has not yet been studied. The lower terrain is traversed in several 
localities by igneous rocks, and there have been ascertained at least 
four epochs of effusion, three of which are anterior to the Silurian · 
period. These eruptive rocks are syenites, quartziferous porphyries, 
and dolerites. 

Under the name of Huronian terrain is designated a series of rocks, 
more or less altered, resting unconformably on the Lower Lauren
tian terrain, and probably also on the Labradorian terrain. This 
series is composed of quartzites, of more or less chloritic or epidotic 
schists, sometimes wfth impure serpentines, and with diorites, which 
constitute very important masses in the series. The quartzites, as well 
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as the chloritic schists, often inclose rolled pebbles, many of which are 
derived from the Laurentian gneiss. This Huronian terrain comprises, 
moreover, a band of about 300 feet of granular limestone, which is im
pure and often very siliceous. The Huronian terrain on lake Huron 
has a thickness of about 18,000 feet. It. is also found on the Ottawa, 
and from there it extends to the west of the :Mississippi, though cov
ered in large part by Paleozoic terrains. It does not seem to exist in 
the eastern region of Canada, but recent observations made on the 
island of Newfoundland and in Nova Scotia have demonstrated there 
the existence of rocks that have been referred to this old terrain, which 
for the rest seems to correspond to the primitive scllists (Urschiefer) of 
Scandinavia. No fossils have yet been found in this terrain. Oonsid
er·able masses of schistose hematitic iron ore are incloseu in this Huro
nian terrain on the northeast shore of lake Superior, and in still 
greater abundance at the south, where the famous iron mines of 1\iar
quette are found. This terrain is more or less affected by undulations 
anterior to the Silurian epoch. 

DANA} in 1872, states that lithological evidence for the chrono
logical arrangement of the crystalline rocks of New England means 
nothing until tested by thorough stratigraphical investigation. This 
evidence means something, or probably so, with respect to Laurentian 
rocks, but it did not until the age of the rocks, in their relations to 
others, was first stratigraphically ascertaineu. It may turn out to be 
worth something as regards later rocks when the facts have beer:. care
fully tested by stratigraphy. A fossil is proved, by care.(ul obser\7a
tion, to be restricteu to the rocks of a certain perio(l before it is used.
and then cautiously-for identifying equivalent beds. Ha~ If one 
_proved by careful observation that crystals a+' ' 1rolit , cyanite, or 
andalusite, are restricted to rocks of a certain geologic<~, period~ 

DANA,9 in 1876, gives an account of Archean time. The Archean 
time includes an Azoic and an Eozoic era, though not yet dh;tinguished 
in the rock. The Azoic age is the era in which the physical conditions 
were incompatible with the existence of life. But this era, so ·far as 
now known, is without recognizable records; for no rocks have yet 
been shown to be earlier in date than those which are now supposed to 
have been formed since the first life began to exist. The Archean 
rocks of North America are mostly crystalline or metamorphic rocks, 
and their beds stand at all angles, owing to the uplifting and flexing 
which they have undergone. Where the Silurian strata overlie them, 
the two are unconformable, the latter being often spread out in hori
zontal beds over the upturned edges of the .Archean rocks. 

The areas of the Archean include those which have always remained 
uncovered; those which have been covered by later strata, but from 
which the superimposed beds have been removed by erosion, and those 
like the last, which in the course of mountain-making have been pushed 
upward among the ilisplaced strata. The principal areas are the great 
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northern, to which belong the lake Superior region and properly the 
Adirondack area; the area along the Appalachian line, including the 
Highlands of New York and New Jersey, and the Blue ridge of Penn
sylvania and Virginia; the Atlantic coast range, including areas in 
Newfoundland, Nova Scotia, and eastern New England; isolated areas 
of the Mississippi basin, in Missouri, Arkansas, Texas, and the Black 
hills; the Hooky mountains series, embracing Wind river, Laramie, and 

· other summit ranges, and the Pacific coast range of Mexico. 
The Archean era is divided into two periods, the Laurentian and the 

Huronian. The estimated thickness of the former is 30,000 feet, and of 
the latter from 10,000 to 20,000 feet. The Laurentian rocks are meta
morphic or crystalline, with few exceptions, and include granite, gneiss, 
mica-schist, hornblende, and pyroxenic rocks, beds of crystalline lime.
stone, quartzite, conglomerate, and labradorite. The Laurentian beds 
are altered sedimentary rocks of the ordinary character, as the schists 
grade into true slates, the quartzites into sandstones, and conglomer
ates and gneisses into gneissoid granites. No distinct remains of plants 
have been observed. Graphite is very abundant. Only the lowest 
division of animal life, such as the Hhizopods and Protozoans, occur. 
This is shown by the occurrence of the fossil Eozoon canadense. The 
Huronian includes the series on the north shore of lake Huron com
posed of slates, conglomerates, quartzites, layers of jasper and chert, 
with quartz and jasper conglomerates, limestones, beds of diorite which 
graduate into syenite or epidote, and also other areas which have been 
placed as the equivalent of this series on lithological grounds. 

KING, 10 in 1878, states that in the Archean outcrops of the fortieth 
parallel 011e can not fail to notice the widespread simplicity of petro
logical forms, the prevalence of granites, granitoid gneisses, and dio
ritic metamorphic rocks, the paucity of argillites, quartzites, limestones, 
and zirconiferous and staurolitic schists, the infrequence of large bodies 
of magnetic, specular, or spathic iron, and the complete absence of 
corundum, chrysolite, serpentine, steatite, pyroxene .rocks, the true 
nacreous schists, and other minor forms observed in the Appalachian 
system. 

Without doubt, the most interesting laws which come out of the 
comparison of these exposures are, that, when considered in depth, from 
the uppermost limits of our so-called Huronian to the lowest La~ren
tian exposure, there is, :first, a regular, steady increase of the mten
sity of metamorphism, and, secondly, a pretty regular increase 1n the 
thickness of individual members of the series. The lowest Lauren dan 
aplitic granitoid bodies of the Laramie hills are the heaviest beds and 
the most changed from their original sedimentary condition. The 
higher Huronian group of gneisses, quartzites, conglomerates, dolo
mites, and argillites are at once the most thinly bedded and least meta
morphosed. Individual beds remain as specialized as 1;he day they 
were deposited. At the lower exposures of the whole Archean forma-
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tion well defined crystals are of great rarity; even microscopic apatite, 
the best presented species, is generally crushed and dislocated; micas 
are distorted, and all feldspars are more or less fragmentary. A 
marked contrast is observable at the upper extrmne. Here many 
micas, hornblendes, garnets, and even feldspars are nearly, if not quite, 
completed crystals. The exceptions to th~':, are those places already 
described, where local compression has broken up the original arrange
ment of the crystalline ingredients. 

Nearly every considerable mountain body between the Wasatch and 
the California line shows in the lowest horizons exposures of one or 
more bodies of granite. These are classified into four groups upon 
petrological grounds. The first type consists of quartz, orthoclase, an 
unimportant amount of plagioclase, and muscovite, with a small quan
tity of microscopical apatite. These are all west of Reese river, longi
tude 117°. These are all associated with the Nevada type of Archean 
crystalline schists composed of quartz, biotite, muscovite, and mag
netite, or quartz, hornblende, and magnetite. As to the age of the gran
ites of this type there are practically no data available. At one place it 
is intimately involved with the crystalline schists and is overlain uncon. 
formably by the Carboniferous. There is little doubt that it is Archean 
but its reference to that period is on general lithological grounds. The 
second type is of the same composition as the first, except that biotite 
is substituted for muscovite. It has a range from the Om be mountains 
west of Salt lake desert to the California line. The third type is like 
the second except that biotite and hornblende are found together. This 
distribution is coextensive with that of the second type. The fourth 
type is the most complex in its petrological features of any of the fam
ilies of granite, and consists of quartz, orthoclase, plagioclase, often 
equal in quantity to the orthoclase and sometimes exceeding it, usually 
a high percentage of biotite and hornblende, titanite, and a high propor
tion of microscopic apatite. Between this class and the diorites that 
are unusually rich in orthoclase there is but little difference, although 
there is little danger of ever confounding the granitoid diorite with the 
dioritic members of the fourth type. These granites are the most prom
inent as regards geographical distribution of the truly eruptive varie
ties observed in the Cordilleras. When the different types of granite 
are seen in apposition so as to give a clew as to their relative ages ~tis 
found that they occur in the order given. In denominating these groups 
of granite as eruptive it is only intended to indicate that in their rela
tions to the contiguous Archean schists they have the appearance of 
intrusive bodies, and that in their interior structure and general mode 
of occurrence there are none of those evidences of alliances to the crys
talline schists which are observed in the granitoid gneisses of so many 
localities, especially in the Rocky mountain region. In so-called erup
tive granites there is neither parallelism of general bedding nor of inte
rior arrangement of the minerals, and the most ordinary phenomenon 
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of structure is the development of conoidal shapes formed of concentric 
layers varying in thickness from a few inches to 100 feet. This structure, 
so far as observed, is strictly confined to the hornblende-bearing gran
ites, and never makes its appearance in those of the first and second 
types. Although instances of each type of granitic rock are found uncon
formably underlying the low members of the Paleozoic series, this is 
not the case with each outcrop; many gra,nitic masses are found uncon
formably underlying Mesozoic or even Tertiary volcanic rocks. But 
there is absolutely no evidence whatever in favor of the belief of 
granitic extrusions later than the Archean age. Although Whitney 
has found intrusions of granite in sedimentary strata other than the 
Archean crystalline schists, any attempt to correlate age by petrolog
ical features alone is dangerous, as may be shown by the fact that the 
Jurassic granite of California and the granite of the Cottonwood region 
on the Wasatch, which is unmistakably Archean, are positively iden
tical down to the minutest microscopical peculiarity. 

In the crystalline schists and gneisses are found identically the same 
minerals which characterize the granites. ·In the schists the charac
teristic feature is the parallel bedded arrangement. Granite possesses 
the same minerals; the sole difference seems to be that granite is often 
demonstrably a plastic intrusion and possesses no parallel arrangement 
of minerals. The geognostic position of the schists is exactly like the 
other strata which were deposited horizontally and afterwards dis
turbed. On the other hand, granite in an immense majority of cases 
is found exposed in the hearts of the mountain ranges. It is only 
when we can observe granite in direct connection with the strata into 
which it has intruded or out of which it has been made that the true 
relations can be seen; and it is safe to say that wherever these inti
mate relations are observable, the granite occupies a region which has 
been subjected to horizontal or circumferential pressure. The frequent 
phenomena of the under-dip of the strata flanking a granite mass, as in • 
the great granite body of the Sierra Nevada, are prominent instances 
of the intimate relation spoken of. If in such cases an unconformable 
overlying and unaltered series were to cover all but the summits of 
the granite hills, the granite would appear simply as an unconfoqp.
able underlying body whose genetic relations are absolutely unknown. 
Into this category a vast number of granite exposures of the Cordilleras 
have to be placed. 

It is an invariable law, then, that where the genetic relations are 
clearly perceived, eruptive granite is always found in connection with 
very great horizontal pressure and consequent disturbance. Suppose, 
now, a deep-lying series of varied sedimentary beds, covered by a suffi
cient superimposed mass to exert a pressure powerful enough to sink 
them to the necessary thermal horizon for the induction of crystalliza
tion in the material of the beds. As long as the attitude of these beds 
was undisturbed by horizontal compression, the result would be a 
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series of crystalline schists a,nd gneisses. , But the moment horizontal 
or tangential pressure either overcame or disturbed the action of the 
downward pressure, the horizontal arrangement of these crystallizing 
materials would be broken up, and their resulting arrangement would 
depend upon the interaction of the two forces. 

SELWYN,11 in 187D, proposes tlle following general stratigraphy for 
the older rocks: I. Laurentian : To be confined to all those clearly lower 
unconformable graHitoid or syenitic gneisses in which we never find 
interstrati:fied bands of ealcareons, argillaceous, arenaceous, and con
glomeratic rocks. II. Huronian: To include (1) the typical or original 
Huronian of lake Superior and the conformably-or unconformably, as 
the case may be-overlying upper copper-bearing rocks; (2) the Hast
ings, Templeton, Buckingham, Grenville, and Rawdon crystalline lime
stone series; (3) the supposed Upper Laurentian or Norian; (4) the 
altered Quebec group and certain areas not yet defined between lake 
Matapedia and cape Maquereau, in Gaspe; (5) the cape Breton, Nova 
Scotia, and New Brunswick pre-Primordial subcrystalline and gneis
soid groups. III. Cambrian: In many of the areas, especially the 
western ones, the base of this is well defined by unconformity, but in 
the Eastern Townships and in some parts of Nova Scotia it has yet to be 
determined. The limit between it and Lower Silurian is debatable 
ground. One point is particularly insisted on, that great local uncon
formities and lithological differences may exist without indicating any 
important difference in age, especially in regions of mixed volcanic and 
sedimentary strata, and that the fact of crystalline rocks (greenstones, 
diorites, dolerites, felsites, norites, etc.) appearing as stratified masses 
and passing into schistose rocks is no proof of their not being of erup
tive or volcanic origin; their present metamorphic or altered character is, 
as the name implies, a secondary phase of their existence, and is un
connected with their origin or original formation at the surface, but is 
due pa:rtly to original differences of composition and partly to the va
rying physical accidents to which tlley have since their formations 
respectively been subjected. 

SELWYN/2 in 1881, states that the anorthosite rocks are in general 
conformity with the crystalline limestones, but are occasionally inter
fered with and disturbed by intrusions ( ~) of the more massive and 
granitoid variety of labradorite. This is proof that the labradorite or 
Norian rocks of Hunt do not constitute an unconformable Upper Lau
rentian formation, but occur in part as unstratified intrusive masses, 
and in part as interstratifications with the orthoclase-gneisses,...quartz
ites, and limestones of the I;aurentian system, as developed in the 
Grenville region, and mapped by Logan . 
. As to the granites which have been regarded as intrusive by Logan, 

both in the crystalline and fossiliferous rock, there is no doubt they 
are of later origin than tlie Silurian rocks which surround them, and 
which. are everywhere, on approaching the granite, considerably al-
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tered; chiastolite, andalusite, garnet, mica, and other minerals ap
pearing in the slates, which are also occasionally changed to quartz
ose or feldspathic mica-schists, and the associated fossiliferous lime
stone to crystalline and micaceous dolomites with the fossils still per
fectly distinct. It has been customary and orthodox to regard these· 
granites as " intrusive," and they are so designated by Logan. The 
author holds that there is absolutely no proof of their being so, either in 
the Eastern Townships, inN ova Scotia or in Australia, and that all the 
phenomena connected with them may be more readily explaine<l and 
understood if we regard them as completely metamorphosed portions 
of the strata which now surround them; while the mere displacement 
of strata involyed in the intrusive theory appears, in view of the enor
mous area now occupied by the granite, wholly inexplicable, as does 
also the manner in which the surrounding strata often dip down against 
and on to the granite and show no signs of having been deflected or 
otherwise affected as regards strike and dip by the supposed intrusions. 

There is, however, often seen along the contact lines of the granite 
and the slates a considerable breaking up and crushing of the latter, 
and this has been held to indicate and be the result of the intrusion 
of the granite. It appears to be mainly due to the unequal resistance 
that the two rock masses have offered to the disturbing forces of up
heaval, depression, and consequent pressure which have repeatedly 
affected them long after the formation of the granite. The effect thus 
produced is analogous to that which occurs where the forces producing 
slaty cleavage encounter interstratified hard layers of sandstone, when 
the elsewhere perfectly regular and parallel cleavage planes are imme
diately crushed, crumpled, and deflected. 

In regions where the granite or other hard crystalline rock is older 
than the adjacent or alternating softer strata, perfectly similar contact 
lines may be seen, but unaccompanied by any change in the mineralog . 
ical character of the adjacent strata, such as occurs when the crystal
line rock is the youngest; and therefore this phenomenon can not be 
taken as conclusive evidence of the intrusive origin of granite or other 
crystalline rock. 

SELWYN, 13 in 1883, ·remarks that the Devonian granite-forming epoch 
has had immense influence in the pre-Carboniferous rocks of the region to 
the southeast of the great St. Lawrence, Champlain, and Hudson river 
break. This is certainly deserving of more carefhl consideration and 
study than it has yet received, and more especially so in connection with 
the al~ration and metamorphism it has produced in large areas of 
Paleozoic, and perhaps pre-Paleozoic rocks. When these altered Paleo
zoic strata come in contact, as they often do in eastern Canada and in 

0 
New England, with the more ancient Huronian and Laurentian gneiss, 
granite, mica-schist and other crystalline rocks, it is only possible to 
distinguish them or to define their respective limits by the most careful 
and minute stratigraphical work, such as the nature of the regions in 
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New England and in the adjacent provinces of Canada, where these 
rocks are chlefl.y developed, renders almost impossible, or at any rate 
has never yet been attempted. Hence the maps hitherto published 
representing the geological structure of these regions, have necessarily 
been based almost entirely, so far as the crystalline groups are con
cerned, on lithological and mineralogical comparisons and considerations, 
producing petrological rather than geological maps, and as a conse
quence, though important and valuable aids to future investigation, 
they afford a very incorrect and imperfect idea of the true geological 
structure and the sequence and distribution of the several formations. 
Unfortunately, while careful, patient, and minute observation in the 
field has been unavoidably limited and local, study in the laboratory 
and theoretical deductions therefrom have been unlimited and wide
spread, but, as might have been expected, have not only afforded no 
satisfactory solution of the intricacies of Appalachian geological struc
ture, but have on the contrary involved it in deeper mystery and com
plication. It is now evident that an entirely different system of 
nrocedure must be adopted before there will be any hope of definitely 
and satisfactorily solving the problems which have been presenting 
themselves to successive observers in this difficult field. 

· SELWYN/4 in 1884, states that recent investigation has greatly en
larged the area over which the Archean rocks are known to extend, 
though it has not yet afforded any more satisfactory evidence of the re
lations of the Huronian rocks to the Laurentian. In all cases the sup
posed junction of the strat~ of the two systems either shows them ver
tically side by side or the Huronian strata apparently dipping under 
the Laurentian, while both present a very constant northeasterly strike. 
Notwithstanding these facts, their exceedingly different mineralogical 
characters and general appearance, broadly viewed, render it almost 
impossible to suppose that the superposition, as indicated by these dips, 
is the true one, or that the Huronian is not newer than the Laurentian. 
If so, then we must admit that both systems are presented in a constant 
~uccession of enormously thick overturned folds, with perhaps many 
dislocations and slips on the lines of the anticlinal axes. 

As regards the so-called Norian or Upper Laurentian formation, the 
writer has no hesitation in asserting that it has, as such, no existence 
in Canada, its theoretical birthplace. Wherever these Norian rocks 
have been observed they are either intimately and conformably associ
ated with the ordinary orthoclase or pyroxeuic gneisses, or they occur 
as intrusive masses when they present no gneissic or bedded structure. 
They clearly cut the surrounding gneiss, and are probably due to vol
canic or other igneous agency in the Laurentian age. Such masses 
may not unreasonably be supposed to mark the sites of the Laurentian 
volcanoes, while the bedded labradoritic gneisses and other associated 
strata may with equal probability represent the eruptive rocks-lava
flows, etc.-which emanated from them, and were locally interbedded 
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with the ordinary sediments of the period, as rocks of similar origin 
and composition certainly 'were in the Huronian and in all later geologi
cal ages, a fact which has been singularly overlooked or ignored by 
most writers on American geology . 

.At present we have in Canada no evidence which would warrant us 
in making more than two great divisions in the .Archean crystalline 
1·ocks. In many parts, especially in the eastern provinces, it has been 
found impossible to define even these clearly. Rocks of typical Lauren
tian character are there so intimately associated with others of equally 
typical Huronian characters, and in such constant alternations, that in 
mapping them they could not be separated, and are therefore all classed 
as .Archean or pre-Cambrian. 

WHITNEY and W .A.DSWORTH, 15 in 1884, after a very wide but dis
proportionate review of the Hterature of the pre-Potsdam rocks, conclude 
that it is impossible for any unprejudiced worker in this department of 

_ science to peruse with care the pages given and not be obliged to ad
mit that the geology of a large portion of this country, and especially 
that of Canada and New England, is in an almost hopeless state of con
fusion. The beliefisjustified that our chances of having at some future 
time a clear .understanding of the geological structure of northeastern 
North .America would be decidedly improved if all that were written 
about it were at once ·struck out of existence. While not desiring to 
conceal the fact that some· of the problems presented in the course of 
the study of the older rocks are extremely difficult, it is clearly proved 
that want of knowledge, want of experience, and a desire to produce 
sensational theories, have brought about this condition of confusion. 

In reference to Azoic rocks, there are several classes to which this 
term may be applied. First, it may be applied to strata once fossilif
erous in which the evidences of life have disappeared. Second, rocks 
may be Azoic even if laid down when life was existing on the globe, 
provided the local conditions were not favorable to its development at 
the particular locality under consideration. Third, rocks must neces
sarily be Azoic when formed or originating under such a condition as 
were incompatible with the existence of life. Such was the original 
crust of the earth and the volcanic eruptive rocks. Fourth, we may 
have rocks formed under such conditions as were not inimical to life, 
but yet .Azoic, because life had not begun to exist on the globe at the 
time of their deposition. These, according to our view, would be the 
rocks properly designated by the term ".Azoic," and the body of rocks 
having this ~haracter might properly be called the "Azoic System." 
.And we think that, in view of what has here been set forth, no one 
will deny that it is important that, if there are such rocks, they should 
have a special designation, and that the term ".Azoic" would be a 
proper one to apply to them. 

This, however, is exactly what was done by Foste.r and Whitney in 
1850, when they gave the name of the ".Azoic System" to a body of 
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strata, originally-in part, at least-of sedimentary origin, which did 
not show by their character that life could .not have existed at the 
time of their deposition, but which proved, on examinaion, to be en
tirely destitute of fossils, and which, moreover, were found everywhere 
to underlie unconformably other stratified formations which were re
cognized as containii1g the lowest known forms of organic life. It is 
denied that Eozoon, beds of limestone, the presence .of graphite in 
crystalline limestone, or any other discovered materjal in the pre-Pots
dam rocks, are suffident evidence for the presence of life. 

It is considered that we are fully justified in saying that ths results 
of geological investigation during the last thirty-five years have given 
no encouragement to the idea that below the well known Primordial 
zone-the Potsdam sandstone of American geologists-there is another 
series of fossiliferous rocks. 

If the Azoic rocks are really azoic, as is believed, then it follows, as 
a matter of course, that the series thus designated can only be sep
arated into subsystems on purely lithological grounds; if they are fos
siliferous, as held by the Canada survey, then it is equally clear that 
any subdivisions proposed for them should have a paleontological ba.~is. 

It is denied that .Aspidella and .Arenicolites spiralis are of organic . 
origin. 

If we examine the often repeated statement that the Huronian un
conformably reposes on the worn edges of t:Q.e Laurentian, and contains 
the debris of the latter, it will be found that in the seven cases in which 
the rocks referred to theRe two formations were found in contact in the 
Canadian district, the Huronian, with but two exceptions, is said to 
be conformable with and to generally pass imperceptibly into the Lau
rentian. In one of the these two exceptions the rocks show mutually 
intrusive relations, and in the other the Huronian abuts against and 
runs under the Laurentian. 

In all cases in which pebbles and fragments of the Laurentian have 
been found in the Huronian, they were seen occurring high up in the 
latter series, and not forming basement conglomerates. All the other 
so-called proof of unconformity has been made out of the fact that the 
strike of the foliation in the two formations, when not in contact, has 
been found to be discordant-worthless evidence unless the rocks ob
served in both formations be proved to be sedimentary and the folia
tion be shown to be coincident with the stratification. Now, if the 
Laurentian was an old metamorphosed sedimentary formation which 
had been upheaved and contorted, and on whose worn edges the Hu
ronian has been laid down, the evidence of the ffi,ct ought to be over
whelming in amount after the country has been studied for so many 
years. 

It is well known that any eruptive rock so soon as it comes in contact 
with erosive agencies will yield fragmental material even before it is 
cold, and that much eruptive matter is ejected in a fragmental state, 
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so that in a mixed series of eruptive and detrital rocks nothing is more 
common than to have the debris of one inclosed in another, without 
that inclosure proving that the rocks differ in geological age. This is 
well known to be the case with the copper-bearing rocks of Keweenaw 
point, and it has been shown that the iron ores of the Marquette dis
trict, which form a constituent part of the so-called IIuronian, are over
lain by a conglomerate containing the debris of the former; yet both 
are by every geologist placed in the same series. 

The basis of fact which forms the main support of the twofold divi
sion of the Archean-including under that designation all rocks lying 
below tlie lowest fossiliferous series-is this: tbe axial or eruptive 
portions of disturbed and mountain regions are largely granitic. and 
gneissoid in chai'acter. These granitic, granitoid, and gneissic masses 
are brought to light in the cores of great mountain chains, where long
continued uplift of the original crust of the earth has through a suc
cession of geological ages been furnishing the material from which the 
sedimentary formations were built up. That the gneissic or gneissoid 
rocks are closely allied to the distinctly granitic and not necessarily 
metamorphosed stratified deposits is clear, as the result of long con
tinued investigatwns in regions where rocks of this kind occur. Not 
that all gneisses are of this character; but those are ordinarily so 
which with granite make up the axial masses of disturbed regions. 
That the parallel structure of the materials forming gneiss is not neces
sarily the result of sedimentation seems clearly to result from that 
which has been done both in experimental and field geology within 
the last few years. It can not be denied that a foliated arrangement 
or a parallel disposition of the mineral elements of various sedimentary 
rocks can be, and often has been, induced in them after their deposition, 
and that this parallel arrangement is not by any means necessarily 
coincident with the planes of stratification. This fact alone is absolutely 
conclusive in favor of the idea that parallel arrangement of the mineral 
constituents of a rock-in other words, a gneissic structure, in rocks 
of the granite family-is not proof of sedimentation. 

Overlying the granitic and gneissic axial rocks we are likely to find, 
and in many cases do find, the stratified masses which were formed 
from the preexisting crust themselves usually highly metamorphosed, 
because formed at a period of great chemical and mechanical activity. 
With these stratified and highly altered masses are associated erup
tive materials-both interbedded and injected in dike form-these also 
often greatly metamorphosed, and to such an extent that their original 
character is only with difficulty, and with the aid of the microscope, to 
be recognized. This protrusio_n or forcing out of eruptive materials 
seems to have followed the preceding uplift of the original crust, if not 
as a necessity at least as something ~xtremely likely to occur, as is 
shown by the fact that in so many great mountain chains we find vol
canic activity more and more predominating with the progress of 
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geological time. Since these eruptive matetbls come from a gradually 
increasing depth below the surface of the original crust they are more 
basic than this, and, since as a rule they contain more iron than that 
crust, are darker colored than the masses by which they are directly 
underlain. Hence the detrital beds formed from the debris of these 
more basic materials are themselves of a clark color, and as a result of 
their metamorphism we have the various slates, argillaceous, talcose, 
and chloritic, which so commonly rest upon the granitic and gneissoid 
rocks which form the core or axis of the disturbed region. With these 
slaty rocks are also associated limestone masses, which, so far as our 
observations go, are :rwt ordinarily interstratified with the slates, but 
are of the nature of segregated deposits, having been formed posterior 
to the formation of the sedimentary beds with which they are associ· 
ated, while the metamorphosing agencies were at work making over 
the beds into the crystalline form in which we now see them. 

In the division of the rocks into Laurentian, Huronian, Norian, 
Montalban, Taconian, Arvonian, only lithological principles are now 
used, and every fact pertaining to the origin and relations of these 
rocks is ignored; and since, while it is assumed that all these rocks 
are sedimentary, they are found to occur in dikes and other eruptive 
forms, it becomes necessary to hold that all eruptive (including vol
canic) rocks were the products of a metamorphic (aqueo-igneous) 
action. Hence it is claimed that all these rocks had been deeply 
buried and then denuded, and most extravagant views hav~ become 
current regarding denudation. 

It thus came about that the coarser grained granitoid and gneissic 
rocks were set apart as Laurentian; the gabbros and some of the more 
coarsely crystalline diabases and diorites were erected into the Norian; 
the felsites and quartz-porphyries were placed as the Arvonian; the 
finer grained diorites, diabases, melaphyres, and chlorite-schists were 
formed into the Huronian; the more friable granitic and gneissic rocks 
with the mica-schists were classed as Montalban, and the quartzites, 
limestones, and argillites were united into the Taconian. Of course, in 
each case the metamorphic fragmental forms of each rock were placed 
with the rocks they resembled, while the other forms of crystalline 
rocks were distributed through the groups. 

ADAMS,16 in 1887, gives a general consideration of the Upper Lauren
tian or Norian, which has been separated from the Lower Laurentian 
by the predominance of plagioclase feldspar. These rocks occur in 
detached areas in the Laurentian districts and are similar to the gab
bro and gabbro-diorites of Scandinavia. At least nine areas are known 
to exist in Canada, and one in the state of New York. Besides pyroxene 
and plagioclase, many other minerals are found. 

The rocks show much variation in structure. They are rarely quite 
massive, frequently well foliated, but usually consist of a rather 
coarsely crystalline ground mass through which are scattered irregular 
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strings and masses composed of iron ore, bisilicates, and mica, as well 
as larger porphyritic crystals of plagioclase. Even when tolerably con
stant in composition there is generally a great variation in size of grain, 
coarse and fine layers alternating in rude bands or rounded masses. 
In the case of some of the areas there can be but little doubt that the 
anorthosite is eruptive; in others, however, it seems to be interstrati
:fied with the Laurentian gneiss, and in one of them to merge imper
ceptibly into it. The original relations of the rocks are, of course, 
much obscured by the effects of subsequent heat ·and pressure. The 
evidence at present, however, seems to indicate that the anorthosites 
are the result of some kind of extravasation which in early times corre
sponded to what in modern times we call volcanic eruption. 

DAwsoN, (SIR WrLLIAM)t in 1888, describes the Eozoic rocks of the 
Atlantic coast and compares them with those of western Europe and 
the interior of America. 

The Laurentian system consists in all p~rts of the world largely 01 

orthoclase-gneiss associated with crystalline schists, and locally quartz-
ites and limestone. -

No one who has studied the typical districts of the Ottawa river can 
doubt for a moment that they are regularly bedded deposits, and that 
in the Middle Laurentian those conditions which in later periods have 
produced beds of limestone, sandstone, iron ore, and even of coal, were 
already in operation on a gigantic scale. At the same time it may be 
admitted that some areas of the lower gneiss may be cooled portions 
of an original igneous mass, and that many of the schistose rocks may 
be really bedded igneous mat~rials. 

Laurentian rocks compose the nucleus of the island of Newfound
land, occur in cape Breton, and in southern New Brunswick. 

In the typical area of· lake Huron, as originally described by Logan 
and Murray, the Huronian rests unconformably on the Lower and 
Middle Laurentian, and presents a great contrast in point of mineral 
character to these formations. It is comparatively little disturbed, 
and is clastic rather than crystalline in character. This point has been 
well insisted upon by Bonney and by Irving in recent papers. Further, 
its conglomerates contain pebbles of Laurentian rock in the same 
crystalline state in which these rocks are found at present. It consists 
chiefly of quartzites, conglomerates of different kinds, limestone, and 
slates, sometimes chloritic, with interbedded diorite. 

In Newfoundland the older slate series of Jukes is lithologically very 
like the Huronian, and this likeness is increased by the fact that :~;ed 
sandstones and conglomerates like the Keweenian of the West over
lie these lower slates. 

On the coast of southern New Brunswick are the Cold brook and 
Coastal series, essentially like those of Newfoundland. The Coastal 
group may perhaps be of later age than the Huronian proper, although 
pre-Cambrian. · · 
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As in Newfoundland, the typical Huronian of New Brunswick is 
overlain by conglomerates, sandstones, and shales. The Huronian rocks 
of Huron, Newfoundland, and New Brunswick arc also compared. with 
the Pebidian of Wales. The Huronian marks a period of igneous dis
turbance and coarse mechanical deposition succeeding to the Lauren-
tian foldings. · 

IRVING, 18 in 1888, after a detailed consideration of the principles ap
plicable to the classification of the early Carul>r.ia,n and pre-Cambrian 
formations, reaches the following general conclusions as to the use of 
lithological characters and structural breaks in correlation. 

Lithological characters are properly used in classification: 
(1) To place adjacent formations in different groups, on account of 

their lithological dissimilarities, when such dissimilarities are plainly 
the result of great alteration in the lower one of the two formations 
and are not contradicted by structural evidence, or if used as confirm
atory evidence only, when such dissimilarities are the result of original 
depositional conditions. 

(2) To collect in a single group adjacent formations because of litho
logical similarities when such similarities are used. as confirmatory evi
dence only. 

(3) To correlate groups and formations of different parts of a siugle 
geological basin when such correlations are cheeked by stratigraphy, 
and particularly by observations made at numerous points between the 
successions correlated. 

They are improperly used: 
(1) To place adjacent formations in different groups, on account of 

lithological dissimilarities, when such dissimilarities are merely the re
sult of differences in original depositional conditions, and when such 
evidence of distinction is not confirmed by or is contradicted by struc
tural and paleontologiGftl evidence. 

(2) To collect in a single group adjacent formations because of litho
logical similarities when such similarities are not confirmed by or are 
contradicted by other evidence. 

(3) To establish general correlations between the clastic groups of 
different geological basins, except possibly when the gneissic and true 
crystalline schist basement formation of one region is compared with 
the similar basement tormatwn of another. 

(4) To establish and determine any world-wide subdivisions of the 
noneruptive basement crystallines, i. e., those which underlie the clas
tic groups here called Huronian-at least until very much more definite 
evidence of the existence of such subdivisions be gathered than has 
hitherto been done. 

The structural breaks called unconformities are properly used in 
classification-

(1) To mark the boundaries of the rock groups of a given region. 
(2) To aid in establishing correlations between the formations of dif

ferent parts of a single geological basin. 
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(3) To aiel in the establishment of correlations between the groups 
of regions distantly removed from one another; but caution is needed 
in attempting such correlations in proportion as the distances between 
the regions compared grow greater. 

They are improperly ignored-
.(1) When the evidence they offer as to separateness is allowed to be 

overborne by anything but the most complete and weighty of paleon
tological evidence. 

As here used the terms system, group, and formation are the three 
orders of magnitude in stratigraphical subdivisions. Cenozoic, Meso
zoic, and Paleozoic are systems; Carboniferous, Devonian, etc., groups; 
and the subordinate members of these groups are formations. 

Applying these principles, it is concluded that such series as the 
Keweenawan and Huronian are entitled to the rank of groups (1) be
cause, notwithstanding they include a considerable content of volcanic 
crystallines, they are nevertheless in the main made up of genuine sed
imen..tary strata, whose formation by the san1e processes which have 
been at work in the accumulation of later sedimentaries is easily 
demonstrable; (2) because they have accumulated during the existence 
of life on the globe, as hereafter maintained; (3) because of their great 
volumes, which are not only comparable with, but very considerably 
exceed those of the ordinary rock groups; ( 4) because they are divisible 
into subordinate members which are in turn fully entitled to the rank 
of formations; (5) because of their entire structural separateness from 
the oldest of the groups above them, from each other and from the 
c-rystalline basement rocks below them; and, fip_ally, (6) because of 
their presumptively wide extent. 

Conditions similar to those of the lake Superior region recur in the 
Grand Canyon of the Colorado and probably also in centml Texas. In 
Newfoundland, again, we have unconformably placed beneath the Cam
brian, here developed with an enormous thickness, two mutually dis
cordant series, the upper one of which is entitled on the principles 
advocated in this paper to full recognition as a clastic group, while the 
lower oile is crystalline and gneissic. In numerous other regions sim
ilar conditions have been more or less distinctly made out; but the 
geological column, as it is now ordinarily presented, provides be
neath the Cambrian for one great division only-the Archean. By 
some authors this Archean is recognized as divisible into Huronian 
and Laurentian; but very few writers, even when they have recognized 
the independent existence of pre-Cam brian and post-Laurentian groups 
seem to have accorded to such groups the taxonomical rank to which 
they are entitled. Certainly there has been no general recognition of 
these groups, such as would lead to the provision for them of a proper 
place in the general geological column. 

If it is agreed that all clastic formations which unconformably under
lie the Cambrian are to be thrown out of the Cambrian group, it is nee· 
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essary to inquire whether the new groups are to be regarded as Paleo
zoic. All may be regarded as Arcl'wan; Paleozoic may be carried 
down to the break between the Kewec11awan series and the Huronian; 
Archean may be restricted to the gneissic basic series; and, finally, 
some entirely new term of equal rank with Paleozoic and Archean may 
be introduced to cover the formations between the gneissic series and 
the Cambrian. The apparent relative extent of the time intervals be
tween these several groups and the indications presented by them of 
the existence of life during their deposition lead to the conclusion that 
there should be introduced a system term equivalent to Paleozoic and 
Archean. In favor of restricting Archean to the gneissic basement 
terrane are the facts that this is essentially a crystalline schist series, 
having rarely any traces of fragmental constitution, because it shows 
an amount of disturbance prior to the deposition of the Huronian, which 
entirely outweighs that received by the IIuronian, while the amount 
of denudation of the pre-Huronian land surface, as compared with that 
which followed the Huronian, was immensely greater; and because 
many believe that the exact conditions which gave rise to the pre
Huronian basement formation has never been repeated in later geo
logical times. 

There is no satisfaetory evidence of the existence of life previous to 
the deposition of the Huronian. That it existed plentifully in the 
Huronian is indicated by the high development of life at the beginning 
of the Camprian and its consequent necessary existence for great periods 
prior to that time; by the occasional discovery of obscure fossil remains; 
by the abundant occurrence of shales and slates filled with organic 
matter; by extended ferruginous strata whose original accumulation 
in the form of carbonate was certainly dependent upon the existence of 
organic matter. That the carbon of the shales is matter of genuine 
organic origin is shown by residual traces of hydrocarbons and by the 
fact that the carbonaceous substance in character and occurrencff is 
entirely similar to that contained in the carbonaceous shales of later 
formations. If the term Paleozoic is to be used to cover all formations 
accumulated after the beginning of the existence of life, it should ex
tend downward over the groups in question; but such is not its ordi
nary use, and to extend it downward over the Keweenawan and Hu
ronian strata and the intervals indicated by the unconformities between 
the groups already discovered, and over such groups as shall be dis
covered in the vast area of the earth's surface not yet geologically 
known, does not seem warranted. It is therefore desirable that a new 
term shall be introduced of equal classificatory value, indicating that 
the great pre-Cambrian and post-Archean series are zoic in character 
and are equal to or greater in volume than the Paleozoic. For this place 
is suggested the term Agnotozoic, but some of the writer's colleagues 
prefer the more noncommittal term of Eparchean, signifYing simply 
the position of these formations upon the Archean. 
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The following table shows alternative arrangement suggested by the 
above: 

Systems. Groups. Systems. 

{

Carboniferous---- ------------------- .... 1 

Cam brian.. . . . . . • . . • • . • . . . . . . . . . . . . • . • . . . Paleozoic. 
Paleozoic .... ...... ...... ~i~~~f~~~---·_-_- ::~~::~~:::: ::~::::~:: :::::: l 

Keweenawan ........................... . 
Agnotozoic or Eparchean. -l Huronian ...................•.....•...... 

(Other groups~)------------------------
Archean...... . . . • . . . . . . . . Laurentian (including Upper Laurentian). Archean. 

HUNT/9 in 1888, summarizes the results of his work on the arrange
ment, subdivision, and nomenclature of the pre-Cambrian terranes., as 
follows: 

(1) Laurentian. Under this name, proposed and adopted by the 
author in 1854, is comprised the old gneissic terrane found especially in 
the Laurentide and Adirondack mountains, as well as in the great 
Atlantic chain and in the Rocky mountains of the center of North 
America. To this same series the author has also annexed the similar 
gneisses of Great Britain and Scandinavia, as well as the old or central 
gneiss of the Alps. From the time of our first studies in Canada, in 
1847, we had pointed out the existence, in this gneissic terrane, of two 
subdivisions, one lower, of granitoid gneiss which blends. with the fun
damental granite, to which succeeds with unconformable stratification 
a series of gneisses also granitoid, frequently amphibolic, interspersed 
with quartzites and crystalline limestones, with serpentine. These two 
subdiv{sions, which we may provisionally name Lower and Upper Lau
rentian, have been called respectively the Ottawa gneiss and the Gren
ville series. In order to avoifl all error it is necessary to note that the 
title of Upper Laurentian was for some time given by Logan to the ter
rane designated afterward as Labradorian and Norian. It is therefore 
through misunderstanding that some have wished to retain as a desig
nation of the upper divi~ion of the Laurentian terrane the term Middle 
Laurentian. 

(2) Norian. The terrane thus designated by the author in 1870 is in 
large part composed of those stratified rocks with an anorthic feldspar 
base, to which the name norite has been given. This terrane, however, 
includes intercalated beds of gneiss, quartzite, and crystalline lime
stone, all being rather similar to those of the Upper Laurentian terrane. 
These norites, which have sometimes been designated by the name 
gabbro, must not be confounded with the very distinct gabbros of the 
~uronian terrane, nor with .certain plutonic rocks, to which they bear 
mineralogic resemblances. The facies of the norites serves to distin-
guish them. · 

(3) Arvonian. This terrane is composed in large part of pctrosiliceous 
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rocks wbicl1 pass into the state of quartziferous porphyry, with which, 
however, certain amphibolic rocks are intercalated, as well as sericitic 
schists, quartzites, oxides of iron, and more rarely crystalline lime- -
stone. This terrane, indicated for the first time by Hicks, in 1878, in 
Wales, is regarded by Charles Hitchcock as forming in North America 
the lower part of the Huronian terrane. 

(4) Huronian. This name was given by the author in 1855 to a ter
rane already recognized in North America, where it rests unconform
ably either on Laurentjan gneisses or on Arvonian lwrnstones. It com
prises, besides quartzose, epidotic, chloritic, and calcareous schists, 
also masses of serpentine and lherzolite, as well as euphotides, which 
represent in this terrane the norites of the Norian terrane, with which 
they are sometimes confbunded under the common name of gabbro. 

This terrane predominates in the Alps, where it forms the series of 
red stones (pietre verdi). 

(5) Montalban. The studies of von Hauer, published in 1868, on the 
eastern Alps, and those of Gerlach on the western Alps, published the 
year following, agree in recognizing in these regions two gneissic ter
ranes, that is to say, an old or central gneiss and a young or recent 
gneiss; the latter, which is very distinct from the old gneiss from a 
petrographic point of view, being accompanied by micaceous and am" 
phibolic schists. The studies of Gastaldi, published in 1871, and those 
ofNeri, published in l874, while confirming Hauer and Gerlach's re
sults, have furnished more details on these terranes and their litho
logic characters. It is proper to remark here that all these observers 
seem to be agreed in placing the horizon of the greenstones (Huronian) 
between the old gneiss (Laurentian) and the young gneiss. 

Before he had knowledge of the first observations of these scientists, 
the author, in accordance with his own studies in North America, was 
led to identical conclusions, and in 1870 he announced the existence of 
a series of young gneisses, quite distinct from the old gneisses, and 
accompanied by crystalline limestones and by micaceous and amphi
bolic schists. To this terrane, in view of its great development in the 
White mountains of New Hampshire, he gave in 1871 the name of 
Montalban. This series, for the rest, appears identical with the young 
gneiss of the Alps, with gneisses and mica-schists called. Hercynian in 
Bavaria, with the granulites with diehroite rocks, mica-schists, and 
lherzolite of the Erzgebirge in Saxony, and similar rocks in the moun
tains of Scotland. This Montalban terrane in North America includes 
not only crystalline limestones, but beds of lherzolite and serpentine, 
quite like the Huronian and the Laurentian. It is also in this series 
that are found most of the "filonian" or endogenous masses of pegma
tite, often inclosing emerald, tourmaline, and tin, uranium, tantalum, 
and niobium ores. 

Gastaldi, in a memoir published in 187 4, declares that the greenstones, 
properly so called, li~ between the old porphyroid and fundamental 
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gneiss and the recent more finely grained gneiss, more quartzose than 
the other, which he also designates as gneissic mica-schist or as very 
micaceous gneiss passing into mica-schist and often amphibolitic; the 
two gneissic series being according to him easy to distinguish. To 
these two divisions above the old gneiss Gastaldi added a third divi
sion still more recent. This division contains considerable thicknesses 
of beds dooignated by him under the titles of argillaceous schists, or, 
rather, lustrous, talcose, micaceous, and sericitic (silk-like) schists. As
sociated with these schists are also found quartzites, statuary and 
Oipolino marbles, with dolomite, karstenite, and sometimes amphibolic 
rocks and serpentines, the presence of which in this division, and even 
in the recent gneisses, as well as in the greeru;tones, properly so called, 
seemed to him to justify the name of" zone of greenstones," often given 
by Gasta1di to tlte whole of this triple group of crystalline schists which 
he recognized as being less old than the central gneiss. 

(6) Taconian. This third division, to which Gastaldi gave no dis
tinctive name, has, as is known, a very interesting history in Italian 
geology. A terrane having at the sam~ time the same horizon and the 
same mineralogical characters is found greatly developed in North 
America, where it comprises quartzites (often schistose and sometimes 
flexible and elastic) and crystalline limestones, yielding statuary and 
Oipolino marbles. There are also found there deposits of magnetitic 
and of hematitic iron, as well as important beds of limonite, the latter 
being epigenic either from pyrites or from carbonate of iron, two species 
which by themselves form considerable masses. This terrane further
more contains roofing slates, as well as lustrous and unctuous schists, 
ordinaril:y with damourite, sericite or pyrophyllite, but inclosing some
times chlorite, steatite, and amph~bolic rocks with serpentine and ophi
calcite. There are also found among these schists, which are found at 
diverse horizons in this terrane, beds visibly feldspathic, with others of 
ill defined nature, which are transformed into kaolin by aerial decompo
sition. These same schists also yield remarkable crystals of rutile, as 
well as tourmaline, disthene, staurolite, garnet, and pyroxene. This 
terrane, which for the rest appears diamond-bearing, was described 
in 1859 by Lieber under the name of itacolumitic group. Eaton, as 
far back as 1832, had placed the quartzites and limestones forming 
the lower members of the group in the primitive terrane; while the 
argillites, found toward the summit of the same group, were regarded 
as constituting the lower division of the transitioJl terrane, covered, 
according to him, unconformably by the fossiliferous graywacke (first 
graywacke) which formed the upper division of the same transition ter
rane. Emmons, on his part, in 1842, comprised in what he called the 
Taconic system .all this crystalliJJe series, as well as the graywacke; 
but in 1844 he separated the latter, in which he had recognized the ex
istence of a trilobitic fauna, giving it the name of Upper Taconic. Long 
studies have convinced the author that this upper" division is entirely in-
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dependent of the Lower Taconic, with which this fossiliferous graywacke 
is in contact only in relatiYely restricted regions, while in other loc.ali
ties it rests directly on older crystalline terranes. Seeing, moreover, 
that the Lower Taconic is found alone h1 a great number of localities 
from the gulf of St. Lawrence to Alabama on the south and to lake 
Superior on the west, and recognizing also the fact that the Upper Ta
conic really forms part of the Cambrian terrane (as for that matter was 
recognized by Emmons in 1860), the author proposed as far back as 
1878 to restrict the employment of the term Taconic to this crystalline 
and infra-Cambrian series which forms the lower Taconic of Emmons 
and the itacolumitic group of Lieber, and to give it the name of Tacon
ian terrane. 

The mineralogical resemblances existing among the various crystal
line terranes mentioned a hove are easy to recognize. The type of rocks 
with orthose base that appears in the fundamental granite and the 
Laurentian gneisses is also found iu the quartziferous porphyries of the 
Arvonian and the gneiss of the Montalban, and less distinctly in the 
feldspathic rocks of the Taconian. The nonmagnesian micas, rare in 
the fundamental granite and the Laurentian gneisses, are found abund
antly represented in tl1e gneisHes and mica-schists of the Montalban, 
as well as in the lustrous schists found in the Huronian and Taconian 
terranes, and eYen l)redominate in the latter. It is still to be remarked 
that the simple silicates of alumina, such as andalusite, disthene, :fi.brolite, 
and pyrophyllite, which seem foreign to the oldest terranes, abound in 
the Montalban and also appear in the Taconian. At the same time the 
crystaWne limestones, tbe oxidrs of irm1, and the calcareous and mag
nesian silicates are found represented in each terrane beginning 
from the fundamental gnmite. The chemical and mineralogical differ
ences between these various terranes are greater than the resemblances, 
which has not prevented certain observers from confounding the recent 
gneiss with the old gJieiss. In fact, the resemblances between the 
IIuroniau and Taconian terranes have led the late Prof. Kerr, in North 
Carolina, to refer the latter terrane to tbe Huronian terrane. In the 
vicinity of lakes Superior and Huron, too, where the Laurentian, Norian, 
Arvonian, Moutalban, and Taconian terranes are found all at once, the 
outcror1s of the latter have been confotmded with those of the Huronian 
terrane by MtuTay and other observers. In 1873, however, the author, 
distinguishing between the two, gave to the Taconian terrane in this 
region the provisional name of Animikie series. Only later did he 
recognize the fact that this series, which in certain localities rests un
conformably on the Huronian terrane, is only the Taconian. Emmons, 
on the contrary, who knew the existence in this region of what he called 
the Lower Taconic, thought that the terrane tow ll ich in 1855 the author 
had given the name Huronian was identical with this same Lower 
Taconic or Taconian. · The di:ff'erenccs between the two terranes in the 
basin of lake Superior, indicated first by I;ogan and afterward by the 
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author, appear very clearly from the recent studies of Rominger. On the 
various crystalline terranes, including the Taconian, there rests in this 
region unconformably an enormous series of sandstones a]ld conglom
er·ates, with contemporary plutonic rocks, the whole being remarkable 
for its content of metallic copper. This series, which bad been alter
·nately confounded with the Huronian and Taconian terranes on the one 
band and with the trilobitic sandstones of the Cambrian on the other, 
was for the first time separated by the author in 1873 under the name 
of Keweenaw group, a term which he in 1876 converted into that of 
Keweenian terrane.· It still remains to be determined whether this 
series, on which these same trilobitic sandstones rest unconformably, 
should form part of the Cambrian terrane or whether it should form a 
distinct terrane between the Taconian and the Cambrian. 

BELL1
20 in 1889, characterizes the Huronian as the great metallifer

ous series of Canada. While rocks of igneous origin constitute a 
marked feature in the Huronian system, a large proportion of it is made 
up of those of an undoubted sedimentary character. On the other 
hand, it is questionable if the great bulk of the I,aurentian rocks can 
be proved to have been deposited from water. It is supposed by many 
that the foliation of much of the gneiss may have been produced by 
pressure and some kind of flowing movement in an igneous mass. 
Whatever view we may· take of the origin of the common Laurentian 
gneiss, which forms the surface of the country over such a vast extent 
of the Canadian half of North America, the commencement of the Hu
ronian period marks a great change which then came over the earth
a change characterized by widespread volcanic outbursts and by evi
dence of the existence of water (perhaps the first) on the surface of the 
globe, and of certain progress in the building up of the aqueous de
posits which has been going on ever since. 

BELL, 21 in 1890, gives a general account of the Archean. The Azoic 
or Archean period is divided into the Laurentian and Huronian sys
tems, into which the primitive rocks of all countries may be classified, 
and which everywhere are essentially the same aud retain the same 
relative positions. In some instances newer rocks have been so altered 
locally or over considerable tracts as to resemble the Azoic, but there 
is generally found some means of distinguishing between them. In 
Canada and the United States the Laurentian and Huronian are usually 
intimately associated, but their lithological features and internal char
acters are sufficiently distinct to separate them. The Huronian rocks 
are less contorted or corrugated on the small scale than the Lauren
tian, but on the large scale they partake of the same foldings which 
have affected the latter. The Huronian rocks seem to be interwoven 
with the Laurentian as basins or troughs more or less elongated, and 
as tracts of angular and other forms filling spaces between great nuclei 
or rounded areas of Laurentian rocks. 

The Laurentian syst-em is divided into two formations, the lower of 
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which is sometimes called the primitive gneiss series. It consists essen
tially of obscurely foliated or stratiform granitic or Ryenitic gneiss. 
The prevailing colors of the Lower Laurentian gneiss are grayish and 
reddish. In some districts the Laurentian rockH are cut by dikes of 
greenstone or trap. In the Upper Laurentian are place<l both the anor
thosite rocks and the limestone-bearing series of eastern Ontario. The 
anorthosites, which are considered by some as eruptives and others as 
bedded rocks inter laminated with the limestones, may be in part of both 
origins. .Anorthosites, after spreading out upon the surface of the earth 
or the bottomofthe sea, may ·have become incorporated in a conformable 
manner with the contemporaueous deposits, while others may have 
flowed over preexisting rocks which were not disturbed. Between the 
Upper and Lower Laurentian there may be a general want of conformity. 
The Upper Laurentian contains metallic ores and very numerous min
erals, which are not found in the Lower Laurentian. The gneisses of 
the Upper and Lower Laurentian often have a close resemblance. .As 
the evidence is so strongly in favor of the aqueous origin of a part of 
the Upper Laurentian at least, this lends support to the view that even 
the primitive gneisses may have been formed by the action of water 
during some early condition of the earth, of which we can form but 
little conception judging by the later stages of its history. Eozoon is 
regarded as a myth, and the limestones, iron ores, graphite, and apa
tite are not considered as evidence of the existence of animals or plants 
in Laurentian times. The limestones may be chemical sediments; the 
graphite and apatite occur principally as vein matter; the iron ores 
occur in greater masses than in deposits of organic origin, and their 
mode of occurrence is opposed to any theory of this kind. The Upper 
Laurentian rocks seem to be much more limited in geographical extent 
than the Lower Laurentian. 

The Huronian system in Canada has a great thickness and variety 
of strata, for the most .part crystalline, but in a less degree than the 
Laurentian, together with many unstratified igneous masses. Like the 
Latuentian it is .Azoic, or devoid of any trace of organic life, so that the 
distinction between the two systems is based entirely on lithological 
grounds. The difference in this respect is great, and is easily recognized 
by those who have paid any attention to geology. The prevailing dark 
green and gray colors of the H uToniau offer a marked contrast to the lighter 
grays and reddish grays of the Laurentian. The latter are massive and 
coarsely crystaJliue, while the former are usually fine grained and schis
tose or fissile, this cleavage structure constituting a striking difference 
from the solid Laurentian. There are some exceptions to this rule, such 
as the light-colored quartzites and the granites and syenites of the 
Huronian, to be noticed further on. The change in passing from one to 
the other is often sudden and complete, but sometimes beds of passage 
are met with . . The Huronian is the great metalliferous system of Can
ada. .Although the Huronian strata have generally been thrown into 
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sharp folds, or stand at high angles, thc:>y are, as a rule, less bent about 
or contorted than the Laurentian. The total volume of the system is 
very great, probably not far from 40,000 or 50,000 feet, or perhaps even 
more. 

In Canada, aH far as our investigations have gone, the two systems 
appear to be everywhere conformable to each other, but in rocks of 
such ancient date and which have undergone such profound structural 
changes, owing to pressure, etc., affecting alike the stratified and 
unstratified portions, this a11pearance may not everywhere indicate a 
truly conformable ~equeuce. Both Rf'ts of rocks having been thrown 
by lateral pressure into sharp folclR, standing at high angles to the 
horizon, the Huronian often appears to dip under the older Laurentian, 
but this is merely the effect of overturning, and does not show that a 
1)art of the Laurm1tia11 is newer than the locally underlying Huronian. 
Notwithstanding the geographical relations of the two sets of rocks, 
their general difference in character and composition would indicate 
that some great change in terrestrial COIHlitions had occurred when the 
formation of the one system ended and that of the other began. In the 
Laurentian an "acid" or siliceous composition prevails, whereas the 
Huronian rocks as a whole are more basic, chemically speaking. The 
latter can be shown to be Yery largely of volcauic origin, although this 
may not always be obvious at first sight. 

The term Huronian is made to include all the rocks lying between 
the Laurentian below it and the Cambria11 or earliest fossiliferous rocks 
above. Among the areas placed with the Huronian are the Keewatin 
and similar rocks. In the Huronian are numerous areas of northern 
Canada, and perhaps certain of the rocks of Hastings and Lanark 
counties, some of the crystalline rocks of the Eastern Townships and 
the provinces of New Brunswick, Nova Scotia, cape Breton, and New
foundland. In the Cambrian system are r>laced in ascending order 
the .A.nimikie, Nipigon, and Potsdam formations. Between the Huro
nian and Cambrian is a great m1conformity. Between the .A.nimikie 
and Nipigon and the Nipigon a11d Potsdam are probable unconformi
ties. 

W ALCOTT,22 in 1890, gives a. fnll account of the Lower Cambrian or 
Olenellus zone. 

The base of the Ole11ellns ~one is considered to be where the genus 
Olenellus, or the fauna mmally accompanying it, first appears; beneath 
that horizon the strata are referred to some of the pre-Cambrian groups 
of rocks. In some cases the underlying rocks are in layers, conformably 
beneath the Cambrian, and no })hysical separation of the two groups is 
possible. In other instances the subjacent rocks are the remains of the 
old Archean continent, near the shores of which much of the life of this 
portion of the Cambrian period existed. 

The line of demarcation between the Cambrian and pre-Cambrian may 
be considered (1), at the bas of the Olenellus zone? in continuous sec-
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tions; (2) at the line of an unconformable contact between any member 
of the Cambrian group and tl1e ~mbjaeent Algonkian or Archean; (3) 
at the line of unconformable <·ontaet, whieh i~ the ba::-;e of the Olenelht~ 
zone. 

Placed in the Algonkian maler thb; definition are 11,000 feet of 
quartzites, conformably below thP Oh'uPlhu;, in the \VaHatch; 10,000 
feet of argillites, sandstones, quartzitPH, and ('Onglomerates, conforma
bly beneath the Olenellm;;, ill Bl'itiRh Columbia; 12,000 feet of sand
stones, shales, and limestone::-; uncm1formal)ly b<:>11eath the lowest known 
Cambrian, in the Grand eanyon of Colorado; a similar series of rocks 
unconformably beneath the Cambrian in Llano county, ~rexas; a serie~ 
unconformably below the Upper Cambria11 in tht~ Adirondacks; and 
the rocks of St. Marys and Placentia bay, Newfmmdlaud, which are 
unconformably below Lower Cambrian Htrata. In the Gran<l canyon, 
in a bed of dark argillaceous shale, 3,550 feet from the summit of the 
section, was found a small Patelloid or Discinoid shell, a fragment of 
what appears to be the J)leurallobe of ~L segment of a trilobite, and an 
obscure, small Hyolithes, iu a layer of hitumiHonH lime~;;tone. Inlayers 
of limestone, still lower in the sediou, an olmem·e Stromatoporoid form 
occlu's in abundance. These f()ssi1R i11dieate a fauna, but do not tell 
what it is. 

The Olenellus fauna include~;; Spongim, Hydrozoa, Adiuozoa, Echi
nodermata, Annelida, Brachiopoda, Lamellil>ranel1iata, ChtHteropoda, 
Pteropoda, Crustacea, and Trilobita. Tl1e abnlHla11ee of the Olenellus 
fauna shows that the life in the lH'('-Olt>llP11nH Hea~ waH iargc am1 varied. 
'rhe few traces known of it prove littlP of itH elmraeter, but they prove 
that life existed in a period far preeediug llOW<'l' Cambrian time, mal 
they foster the hope that it is only a qneHtion of H('Hl'C'h and favorable 
conditions to discover it. 

DANA,23 in 1892, gives the followi11g as the philosophical divisions of 
pre-Cambrian times, although the early physical a11d biological eoudi
tions of the globe are not within the range of observation: 

I. The Astral mon, as it has been called, or that of liquidity. 
II. The Azoic mon, or that without life. 

1. The Lithic era, commencing with completed consolida
tion; the time when lateral pressure for crust disturbance 
and mountain-making was initiated, and when metamorphic 
work began. 

2. The Oceanic era, commencing with the ocean in its place; 
oceanic waves and currents and embryo rivers beginning 
their work about emerged and emerging lauds, and the 
tides, the retarding of the earth's rotation. 

III. The Archmozic mon, or that of the first life. 
1. The era of the first Plcmtsj the Algm and later the aqua

tic Fungi (Bacteria); commencing possibly with the mean 
surface temperature of the ocean about 180° F. 
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2. The era of the first Animal lifej the Protozoans, and 
forms related to the embryos of higher invertebrate species, 
commencing possibly with the mean surface temperature of 
the waters about 1200 :If., mtd ending with goo F. or below. 

While these divisions mark off great steps in the progress of the de
veloping earth, the rocks bear no marks of them that can be distin
guished. 

The Iluronian period covered probably much of Archrnozoic time, 
and this is all in the way of correlation that can be said. It is well to 
note here that if the Eozoon i~ really animal in origin, the ''Laurentian" 
rocks of Canada in which it occurs must be Huronian or the later of 
Archrnan terra11es. 

SECTION H. GENERAL DISCUSSION. 

NAMES APPLIED TO PRE-CAMBRIAN ROCKS. 

In the early days of American geology the name Primary or Primi
tive was more widely applied to tile a1l<·ient ro~ks than any other. 
Among the older geologists this name, including mtder it in a general 
way the pre-fossiliferous or metamorphic rotks, was used by Akerly, 
Alexander, Booth, Dewey, Ducatel, Eaton, Emmons, Hitchcock (Ed
ward), Jarkson, Mather, Mitchell, Percival, Rogers (H. D.), Rogers (\V. 
B.), Silliman, Tuomey, Vanuxem, and others. It was nearly universal 
in 1820 and was a1)plied as late as in the forties. 

The term Primitive in the United States " ras gradually superseded 
by Azoie. Used by Adams as early as in 18~G, i11 the literature of the 
fifties and sixties it very widely occurs, and has Hot yet disappeared. 
Among more prominent geologists in whose writings it may he f(mnd 
are Adams, Cook, Crosby, Emmons (E.), Frazer, Hitchcoek (C. H.), 
Hitchcock (E.), Kerr, Hogers, (H. D.), Safford, Whitney, Wadsworth, 
and others. In its earlier use Azoic was often made to cover all rocks 
which were apparently destitute of life, without reference to whether 
they are older than the fossiliferous rocks or not. It was thus ap
plied by Adams, Emmons (E.) and the elder Hitchcock. With Rogers 
the Azoic included nonfossiliferous rocks which are younger than the 
Hypozoic or gneissic series proper. Ordinarily, however, the term was 
used to cover all pre-Silurian sedimentary rocks, the Silurian being 
then regarded as the base of the fossiliferous systems. It was thus 
definitely defined by Foster and Whitney in their application of it to 
the lake Superior rocks and the Azoic was held by them to be strnc
urally indivisible. While the rocks of the Primitive and Azoic were 
early subdivided into lithological divisions there was little or no at
tempt to apply stratigraphical methods to them. Later the Azoic was 
subdivided by certain geologists into Laurentian, Huronian, etc. 

The work of Logan and Murray marks in America the beginning of 
a truly structural study of the ancient roeks. They found in different 
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places in Canada pre-Cambrain rocks which tbry mapped in detail. 
The two areas in wh~ch this work was begun were the north shore of 
lakr Huron and the Laurentide mountainR. With scientific spirit they 
applied to the rocks oftbese arrm; no terms whieh involvt'd any theory 
of origin or t>quivalrlH·e, but g-avP the ro<'kH the names of the localities, 
in this following one of thr fnmlamt'lltal prilteiples of good structural 
work. Having no fbssils for guideR, tlwy built up a succession on the 
north shore of lalw Huron by t()llowillg i(mllationH in continuous ex
pmmrc, by lithological likenesseR of expoRnres separated by short in
tervals, by a like order of formatiom; i11 different localities, and by the 
use of an unconformity, which was held to occur betwren the Huronian 
sediments and the underlying- <·ryHtallinr ro<·ks. 

In Logan's work upon the Laurentian, the same methods were used 
as far as praeti<'able, hut 011 account of the complicated structure of the 
region his success was here mu<'h le~s conspicuous. The di:ffieulty of the 
district drove Logan to takP tltP mte eharacteristie formation, the lime
stones as horizon~ to follow and to serve as planes of reference in work
ing out the structure. But evt'n this guide was not a certain one, as 
Logan never became f!uite sure aH to thn 1mmber of limestones present. 
As the study of the Lanrentidt>s eontinnP<l the rocks werP divided into 
two divisions, a Lower Laurentian fi·<'<"; from limestone and an Upper 
Laurentian eontaining the linwstonPs. Tlte two werP held by Vennor, 
and by Selwyn for a time, to he mwonformahlP. As thP area studied in 
the Laurentide mountains wid<'ne<l, a new formation was found, a lami
nate<l gabbro. It waR recognizee} as lwiltg largely composed of labrado
rite or anorthite and so wafo\ first <'all Pel Anortho::-;ite or Labradorian, and 
afterwards Norian. The eontaets of this formation with the other 
f<>rmation::-; of the Laurentian were reeognize<l as not those of con
formity. In these <'al'ly clays H waH naturally Ruppm;ed that all lami
nated rocks, whatever their character, were sedimPntary, and as in cer
tain places the Laln adorian appeared to eut aeross or overlap the old 
Laurentian it was deHig-nated as Upper Laurentian, and what had be
fore been called Upper Laurentian was designated Middle Laurentian. 
When the eruptive eharacter of the Labradorian was shown, the Cana
dian Survey returned to tlw first uRes of the term~ Upper Laurentian 
and Lower Laurentian. 

In comparing the Huronian and Laurentian, it appears that the prin
ciple used in reaching .the conclusion that the original Upper Lauren
tian, separated by a great distanee from the original IIuronian and no
wllere in contact with it, is the older, was thP metamorphic character 
of the former as compared with the latter which in the early work of 
Logan and Murray was called a nomnetamorphic series. The lithologi· 
cal likeness of the gneisses and granites of the original Lower Lauren
tian to the granites and gneisses called Lower LanrPntian unconforma
bly underlying the Huronian doubtless was the reason for placing 
these as equivalents. 
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In the later work of Logan and Murray the names Huronian and 
Laurentian were applied to regions far distant from the original areas, the 
guiding principles for so doing being 'vholly lithological likeness :.tnd de
gree of metamorphi~m. Working under these principles, as granites ~md 
granite-gneisses are so abundant in the original Laurentian, aud are 
nearly absent in the original Huronian, it became <'nstomaTy with these 
author~s to refer to granitoid areas as Laurentian, while sedimentary 
series containing quartzites, limestones, or dark, fine grained S<'hists 
were referred to the Huronian, and this reference was fi·equently made 
when the series as a whole was very mueh more crystalline than the 
original Huronian. The only exeeption to a reference of all pre-Cam
brian rocks to the Huronian and I.~aurentian were the series now known 
as Keweenawan and Animikie. These wert> re<'ognized a~-; resting 
unconformably upon the so-called Huronian of lake Superior, while the 
Keweenawan was seen to be of a wholly different lithological chal·ac
ter from the lake Illu'on rocks. These series were called the Upper 
Copper-Bearing series, the original Huronian often beiug ealled the 
Lower Oopper-Bearing series. 

We find these two geologists, Logan and Murray, starting with 
scientific principles, laboriously studying year after year the detailed 
occurrences of the rocks in the midst of a forest-eovered wilderness, 
until their inductions built up the original liuror~ian and Laurentian 
series. In their later work of a very much less detailed chara:cter over 
vast areas the terms were applied somewhat indiscrimiHately, and in 
sueh a way as to imply that below the Upper Copper-Bearing ro<·ks 
there are only two systems, one of whicl1 is equivalent to the origiual 
Huronian, and the other of which is equivalent to the original Lauren
tian. 

These terms, Huronian and Laurentian, were gradually adopted by 
geologists working on the United States side of the boundary, so that 
in recent years, with the exception of Archean, they have been the 
most widely used of any names for designating the ancient rocks. 

If Logan and Murray departed in their later work from strict sciell
ti:fic methods in their use, this departure was as nothing compared with 
the extremes to which later geologists of Ameriea lla ve gone. By many 
geologists, coarse grained granites aud granite-gneisses were designated 
as Laurentian without reference to evidence as to whether they were 
intrusive rocks of far later age. In applying the term Iluronian the 
methods followed were even worse. Sometimes authors took a green 
color to be a characteristic feature of the Huronian and here referred 
all the green schists; others took a laminated structure to be charac
teristic of the series and here referred all the laminated rock, includh1g 
even coarse grained laminated gneisses; others took the volcanics 
associated with the Huronian to be its characteristic feature and so 
called various pre-Cambrian volcanic series Huronian; others regarded 
metalliferous rocks a:::; the important feature of the Huronian. 
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Lying at the root of all this work i~ the assumption that rocks of a 
certain kind are characteristic of a definite period of the world's his
tory, and that if rocks are found which are really like the Huronian 
and Laurentian in lithological character they Hhoul<l be referred respect
ively to these series. 

As to the relations between the Laurentian and IIuronian, it was 
plainly believed by Logan, Murray, and the other early geologists that 
where the two come in contact they are unconformable, although 
oftentimes the structlual rehitionH which obtain are admittedly ob
scure. That was the position of the preRent director of the Canadian 
survey as late as 1870, who w.;e<l the h-'rm II nronian not only to include 
rocks that had been theretofore placed, lmt to cover all of the Upper 
Laurentian and the Upper Copper-Bearing Heries, thus greatly expand
ing the system. In recent years he has held that the HuTonian and 
Laurentian are always conformable, and that often the former grades 
downward into the latter, and this h; the poHition which has been 
taken by many geologists of the Unitt>d StateH, both in the East and in 
the "\\t.,. est. 

The lake Superior region furnishes a 1·atlter nim·ked exception, as do 
certain others, to the indiscriminate and nnwanauted use of the term 
Huronian. This region is so near to and iH connected in such a way 
with the original Huronian of lake Huron that it was possible to make 
a strong case of probability in favor of the equivalence of the clastic 
rocks of the two regions. Tlw lake Superior lluronian was divided 
into formations upon the same principles used in mapping the original 
lluronian. While the term Laurentian waH appliPd to the pre-Huro
nian rocks on the north ~hore of lake IIurou and about lake Superior, 
it was recognized by a number of geologists that this was a variation 
from its application in the original Laurentian area. 

As geological kuowledge increased and as the theories involved in 
the terms Primitive and Azoic were more and more attacked, in order 
to avoid a theory of origin, the term Archean was pro~osed for the an
cient rocks by Dana in 1872. This term rapidly grew infavor. By its 
use not only the advantage of a theory of origin was avoided, but in 
common with Primitive and Azoic it was not necessary to subdivide the 
ancient rocks· into Laurentian and Huronian, and thus imply a corre
lation with the rocks of other regions. In the early rapid work of the 
Far West, detailed observations usually t:)topped at the base of the fos
siliferous series, and it was convenient to regard all the remaining 
rocks as a unit, aud to cover this unit the term Archean was adopted. 
After a moTe detailed study of certain regions the terms Laurentian and 
Huronian were applied to subdivisions of the Archean. This term 
Archean also found early favor with the Canadian survey to include 
these two divisions of pre.= Cambrian rocks. 

Eozoic was another term suggested to replace Azoic, when it was 
thought by many that the rocks once supposed to be destitute of life 
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are not really so. This was used to a considerable extent in the sixties 
and seventies, and retains a place in literature to the present time. 
This term ~mplies a theory just the opposite of Azoic. 

As already said, the theory involved in referring all pre-Cambrian 
rocks to the Laurentian and Huronian is that there was in pre-Cam~ 
brian time a11 invarial>le succession. This theory was carried to the 
extreme by Hunt and his school, who helfl that before Cambrian time 
there are ::-:;ix: rock systems, which are universal and are separated by 
unconformities. These are, from the base upward: Laurentian, Norian, 
ArYonian, Hm'onian, Montalban, Taconian. Of these terms Norian was 
devised to include the laminated gabbros, the so-called Upper Lauren
tian of Logan. Arvonian was imported from Wales, where it was ap
plied by Hicks to a series of. acid volcanics. Montalban came from the 
White mountain region in New Hampshire, where a series of gneisses 
was thought to be of different lithological character from the Lauren
tian and Huronian and to overlie them. Taconian was introduced by 
Ebenezer Emmons to cover a series of fossiliferous rocks which was 
supposed to be earlier than the base of the Silurian. 

Besides the terms given, others have been used to some extent, but 
they are of little importance. Among these may be mentioned Hypo
zoic, Prozoic, and Pyrocrystalline. 

As the metamorphic theory gained force it became the habit of many 
geologists to refer to old crysta1line or semicrystalline rocks as metamor
phic, assuming that they are a.ll produced by the alteration of sediments 
of some kind. This went so far as to include perfectly massive rocks, 
such as diabases, gabbros, granites, etc., among the metamorphics. 
Recently the term bat-\ also been applied to rocks recognized as lami
nated eruptives, but this is not the use referred to. This term .meta
morphic had the advantage of saying nothing as to age or correlation, 
but in escaping this difficulty another theory was accepted which, so 
far as its assumption is concerned, was quite as bad. 

In many cases local names have been applied to formations or series 
in order to avoid any theory of age or correlation. The most conspicu
ous example of this kind is that of the Keweenaw series of lake Superior. 
More recently Lawson bas proposed the terms Keewatin and Coutchi
ching for certain series northwest of lake Superior, and to include these 
two he proposes the Ontarian system. In the Grand canyon the local 
names Chuar, Grand canyon, and. Vishnu have been applied to pre
Cambrian series which there occur. Comstock has proposed the terms 
Burnetian, Fernandian, and Texian for series which are found in Texas. 

This tendency to return to the use of local nam,es in recent years is 
plainly a reversion to scientific methods which were never departed 
from by certain geologists. This class has declined to use any term for 
the ancient rocks which involves a theory of origin or succession, but 
have divided the rocks which they found in their respective districts 
into lithological divisions or into local formations. Conspicuous among 
early geologists of this class are Juke's, Percival, and Lieber. 
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Recently IrYillg ha~ proposed that there he placrd lwlow the Paleo
zoic group another group of coordinate value, for which the term Ag
notozoic or Eparehean is suggested. This term ents out of the ATchean 
a large class of rocks \Yhich have brfore bern here inclndrd. Finally, 
the name Algonkian has been brought forwartl by the United States 
Geological Survey for a systematic place opposite Agnotozoic or Epar
chean. 

In the following discussion, as stated in the introduction, Cambrian 
is defined as extendi11g downward to the base of the Olenellus fauna. 
The pre-OlenelluH elusti<-R and their equivalent crystallines are called 
Algonkian, and the completely crystalline rocks below the Algonkian 
are denominated Arehean. The reasons for these usages will appear 
in the following pages. The Rtratigraphical terms, group, system, and 
series correspond with the usage proposed by the International Geo
logical Congress. The same is true of the chronological divisions, era 
and period. Formation is a lithological subdivision of a series. 

THJ•: CHARACTER OF THE ARCHEAN. 

From the review of the literature it iR plairi that there is an essential 
unity in the character of the eomp1Px of roek~ which is the oldest known 
in America. This statement eoven.; all the areas in which the rocks 
are demonstrated to be exeee(lingly aneient. It includes the basal 
complex of Arizona, between which aml the Tonto sandstone is a clastic 
system 15,000 feet thick, separated into three series by unconformities, 
and these again separated from the Tonto above and the basal complex 
below by great unconformities; it in dudes the basal complex of the 
Wasatch and eertain of the ranges of Nevada, between which and the 
Oleuellus Cambrian is a great unconformity and a thiek sel'ieH of quartz
iteR; it includes tlte basal complex of Houthwestern Montana, between 
which and the Olenellus Cambrian is 1:3,000 feet of unaltered slates and 
a tllick series of crystalline rocks of clastic origin, the two being prob
ably separated by a great unconformity; it includes the basal complex 
of Texas, between which and the Cambrian is an unconformity, at least 
one and per haps two thick series of clastic rocks; it includes the basal 
complex of the lake Superior region, betwren which and the Cambrian is 
an enormous system o,f clastics many thommmls of feet thick, separated 
by unconformities into three series, and the whole bounded above and 
below by unconformities; it inelude the basal complex of the north 
. hore of lake Huron, between which and the Cambrian is a clastic series 
18,000 feet thick, bounded· above and below by unconformities; it in
cludes the basal complex of the original I~aurm1tiau area, between which 
and the Cambrian is a clastic series estimated to be many thousands of 
feet thick; it includes the basal complex of Hudson bay, between which 
and the Cambrian are almost certainly two, and perhaps three series 
of clastics separated by unconformities; it probably includes the basal 
complex of Newfoundland, between which and the Olenellus Cambrian 
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is a series of clastics 12,000 feet thick, and above this a great uncon
formity; it includes mueh of the great area of northern Canada known 
as Laurentian, between which awl the Cambrian in various districts are 
clastic series. 

In all of these regions in w hieh the basal complex is vastly older 
than the Cambrian, it coush;ts of a most jutricate mixture of nearly 
massive rocks, amoug whielt granite and granite-gneiss are predominant; 
of gneissic and schistose rocks, all of \Yhiclt are completely crystalline, 
and so folded and contorted that nowuere has any eertain structure 
ever been made out oyer considerable arem;. The granites and basic 
eruptives may occupy eom;iderable areas; tue gneisses may be regu
larly laminated and grade into the graHiteN; the erystalliue schists may 
occupy the outer zones of an area; they may all be confusedly inter
mingled, schists, gneisses, and granites altel'nately predominating; 
sometimes the schistose rocks appear in dike-like forms iu the granites; 
at other times the massives are in dike-like forms in the schists; at 
still other times the alternations of granite, gueiss, aud Hchists are 
quite uniform and persistent for considerable areas. The granites 
usually show a rough lamination, wltidt may 11ot appear in hand speci
mens, but which h; evident in large masHes. 

The minerals iu the rocks generally show Pvi<lenee of dynamic action; 
they do not have the dear eut, definite relations characteristic of the 
later plutonic rocks. In the chief miuentl <'Olt:::;titneuts of the rocl{s 
there is essential uniformity in all of the areas, although certain less 
common minerals may be found in one area whid1 have not been 
discovered in another. Orthodase :tlld aci<l plagioelase feldspar, 
quartz, hornblende, muscovite, and biotite are the standard minerals. 
To describe accurately the appearance of the rocks of the basal com
J)lex is exceedingly difficult, but any one who examines a series of' 
specimens from the various area~ will perceive the truth of the state
ment made as to the essential likeness of the rocks from different 
regions. .A suite from any one of the regions whieh has been person
ally examined by me, if unlabeled, could by no possibility be asserted 
not to come from any other. 

The unparalleled intricacy of the structure of this complex, the gen
erallaminated arrangement of its pal'tH, a11d the broken and distorted 
f<n·ms of the constituent minerals are evidence of repeated dynamic 
movements of the most powerful elmra<'ter. Further, the basal corq.
plex is not only recognized by its positive but by its negative charac
ters. Now here in it is a persistent thick formation of quartz-schist 
(altlwugh vein-quartz is abundant), of limestone or marble, of a graph
itic schist, or of a conglomerate. If sandstones and limestones or other 
sedimentary materials have been a part of this system the profound 
and varied mutations through vast lapses of time have wholly obliter-
ated all evidence of their presence. · 

Besides the areas mentioned in which the~e most ancient rocks occur, 
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there are many other areas in which there are between the Cambrian 
and the basal complex great series of clastic rocks, although the evi
dence at hand in favor of vast age f(>r the basement complex is less than 
in cases before cited. Here are included the Front range of Colorado, 
which has between the basal complex and the fossiliferous rocks on its 
eaf'tern slope tlJC clastic series of Boulder, Coal, and Thompson creeks; 
and the Quartzite mountains of Oolora<lo, where between the basal com
plex and the Carboniferous is a great series of quartzites. There is 
definite structural evidence for ]>lacing these and other areas with the 
group :first considered. In a third class of are:u; no definite evidence in 
the nature of intervening Heries shows that between the Cambrian and 
the basal complex has intervened an era or even a period. 

Because of the unique lithological eharacter of this fundamental com
plex in all these regiom;;, and becam.;e of the essential likeness in struc
ture prevailing, we have ground for grouping these rocks together, 
whether exactly of the same ag~ or not. Lithological arguments for 
correlation may be well distrusted; but the excee<lingly strange, varied, 
and complex lithological and structural characters of this system, the 
like of which we have no evidence has been duplicated anywhere in later 
times, is an argument of great weight. In the complexity of its parts 
and the implications of its structure it gives evidence of vast antiquity. 

In Algonkian, Cambrian, Silurian, Devonian, ~111d even later times, 
completely crystalline schists have been produced over large areas; 
but, while often in these systems no evidence now remains of clastic 
characters, they rarely if ever closely resemble this fundamental com
plex. A clastic series was in the beginning of itH history of neeessity 
a shale, a sandstone, a limestone, a chert, or some other form of sedi
ment and often containing carbonaceous material. Cementation, meta
somatism, dynamic action may have profoundly ehangcd any of these 
deposits. A limestone may have been transformed into a crystalline 
marble, or if impure into a hornblende schist containing scarcely a rem
nantoforiginal carbonate. A cherty carbonate ofironmayhave beeome 
an actiuolite-magnetHe-schiHt. Carbonaceous shaly material may have 
become a grapJrite-RchiHt, but if such a rock i~; represented in the fmula
mcutal complex what has become of the carbon? .A. sandstone may 
have become a granular quartzite or a foliated micaceous quartz-schist. 
But that a great quartzite formation lilm those of the Huronian of lake 
Superior or the p1·e-Olenellus of the Wasatch can have become wholly 
obliterated by any procesH short of fusion is almost inconceivable. .A.s 
has been Raid, Hone of these rocks are found in this fundamental 
complex tlJroughout its whole vast area. In its positive as well as 
its negative <]_nalities it is a mtit. While it <'an not be considered 
demonstrated that all of it~; area are of the same age, it may then be 
accepted that iu North America is a system of granites, gneisses, and 
crystalline schists which are the oldest rocks of North America, and 
which have representatives in m.auy areaR throughout the United States, 
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although most widespread and a lnmdant in Canada. That such a basal 
RyHtem exists is no new idea; but it has 110t geuerally been recognized 
that between it and tlw Cambrian there elapsed an era in which were 
alternating cycles of the deposition of syHtems of rocks and of vast ero
sion intervals. 

AH here used the term Archean is restricted to this fundamental com
plex. It is no longer possible to regard as a unit or treat together all 
the pre-Cambrian rocks. The rocks included in the fundamental com
})lex are everywhere called Azoic or Archean. The crystallines and 
semicrystallines above this complex, often called Archean, must be dis
tributed fi:om the Devonian or later to the vre-Cambrian. It is clear 
that if Archean is to remain a serviceable term it must be restricted to 
some unit. Such a unit is the fundamental complex, and to it this term 
is most appropriate. 

ORIGIN OF THE ARCHEAN. 

As has been shown, whatever the origin of the Archean, it is of vast 
age. It will be remembered that south of the lake Superior region, 
where is known the greatest volume of pre-Cambrian clastics, there is 
abundant evidence showing that the lowest of the clastic series has 
derived its debris from and rests upon the foliated edges of the Archean. 
In the Arizona region, in which the time of the pre-Cambrian clastics 
is only inferior to that of the lake Superior region, the evidenoo of a 
great hiatus below these elastics is of the most decisive character. 
The same may be said of several of the other areaH of Archean. Conse
quently in many regions the Archean complex, in essentially its present 
condition, may be asserted upon definite structural evidence, to be vastly 
older than the Cambrian. 

As to the origin of t)lC Archean rocks, three different views are 
prominent: (1) The Archean has been considered as metamorphosed 
detrital rocks; (2) it has been eonsidered aH igueous, but later in origin 
than certain of the pre-Cambrian ehtHtics with which it is in contact; 
(3) it has been considered as igm'OUH and representing a part of the 
original crust of the eartlt, and therefore earlier than any sedimentaries. 
A modification of this theory is suggested under the topic Delimitation 
of the Archean. 

(1) Those who believe in the detrital origin of the Archean, as above 
defined, will not question the conclm;ion reached a~-; to the age of the 
fundamental complex; for to prodn<'e reHults so different fmm any 
known metaruorphic clastic serieH must not only imply great age, but 
Ilrobably sediinents which were originally deposited under different con
ditions from those of later timeR. This school, while believing in the 
detrital origin of the Archean as a whole, is conscious that it has 
been cut again and again by eruptives of all kinds; that the supposed 
clasties have thereby been profoundly metamorphosed by contact and 
dynamic action, and often have been so changed that the place can not 
be pointed out where the intrusives end and the clastics begin. 
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If this sedimeutary v~ew of the origin of the Archean be correct, as no 
universal break in geological continuity can be accepted, it should be 
found that betwee11 the Archean and the ela::;tics there are somewhere 
gradatiom;. It has been seen in the s1nmm1ry of the literature that 
Hitchcock, MarTine, Stevenson, Kiug, vVinchell, and others, accepting 
such a sedimentary origiu, believe gradations have been found in the 
Rocky nwuntain Hystem, in the lake Superior region, and in tbe Appa
lachians, between the basal complex and the recognizable clastics. 
These authors have regarded the fact that as a whole these rocks show 
lamination as eYidence that they were originally sedimentary. A few 
years ago it was a matter of course that distinct lamination in a rock, 
however faint, is evidence of sedimentation. Lamination being found 
in the granite-gneisses, combined with the fact that these rocks graded 
into the clastics, was taken as conclusive evidence of the original sedi-
mentary origin of the whole. . 

It is now everywhere recognized, as early shown by E. Emmons and 
Lieber, that schistose structure is often produced in eruptive rocks; 
also like structures are produced in sedimentary rocks which have no 
relation to the original lamination, as early noted by Tyson, E. Em
mons, Blake, Athtms, E. Hitchcock, Jackson, Jukes, Rogers, and 
Lieber. E. Hitchcock, E. Emmons, and Lieber traced the actual grada
tions between schist-conglomerates and crystalline schists, while Mather 
traced the blue fossiliferous limestones into completely crystalline gran
ular marbles. Laminated or schistose structure in crystalline schists 
then bears neither for not against a clastic origin. 

The manner in which the :finely laminated schists and gneisses v.ary 
into the coarsely granitoid phases has been admirably described by 
Jukes in the rocks of Newfoundland, l>y Lieber aiHl E. Emmons in the 
rocks of the southern Appalachians, by llitchcock in the rocks of 
1\Iassachusetts and Vermont, by Marvine and Stevenson in the rocks 
of Colorado, by King, Hague, and S. F. Emmons in the rocks of the 
fortieth 11arallel, and by Lawsou in the rocks about lake Superior. 
Most of these writers and many others, iucludiug Selwyn, approach
mg the problem from the side of the clastic rocks, have regarded the 
coarsely crystallized rocks as produced by metamorphism, although 
iu the more granular rocks the process has gone so far as to produce 
aqueo-igneous fusion. Those who have maintained tllis origin for 
these rocks have recognized the fact that they have locally acted as 
eruptives, although in general the material is thought not to have moved 
far. Marvine so clearly saw that the facts could be explained in two 
ways that he says that, while he regards the whole as metamorphosed 
sedimentary rocks, another observer approaching the :field from a dif
ferent direction, where the evidences of intrusive nature are most mani
fest, would reach the conclusion that the whole is eruptive. Hitchcock 
and Stevenson and most of the others are in practically the same posi
tion. 
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The school of geologists that regards massive rocks as metamo:r;phic 
without any intervening time of fluidity, the granitic and gneissic lay
ers inter laminated with the schistose being selectively metamorphosed, 
and the fragments of schist and gneiss within the massive rocks as 
residual unmetamorphosed material, while nearly gone, still has repre
sentatives. That the matrix of a fragmental rock could become slowly 
heated to such a temperature or be subject to such other conditions as 
are necessary in order that it should crystallize as a coarsely granular 
granitoid gneiss or granite, and not at the same time destroy the 
bowlders and pebbles which it contains, seems incredible. The explana.
tion of these rocks and of the interlaminations of granite with slate 
and schist by metamorphism implies not only that the fragments and 
the bands of slate and schist have been able to resist the forces of 
change during the slow processes which have been sufficient to produce 
coarsely crystalline material adjacent, but that in situ they have con
tinued to resist these forces during all the time required by the matrices 
to pass once more into ordinary conditions. The processes embodied 
in such " selective metamorphism " certainly need explanation. 

The need of an exact definition of metamorphism is evident. It 
appears to the writer that it should not be applied to a rock which has 
actually suffered igneous fusion. Shall it apply to sedimentary mate
rial which has been free to recrystallize under aqueo-igneous fusion~ 
May not rocks under pressure beyond the crushing strength of rocks 
and saturated with hot water recrystallize at a much lower temperature 
than is required for ordinary fusion~ If so, where is the boundary 
between aqueo-igncous and ordinary fusion~ Is there not a transition 
between the two a11d does not aqueo-igneous fusion pass by impercepti
ble steps into ordinary metamorphism? Is there not here a transition 
between the extremes just as there is between different rock species, be
tween basic and acidic rocks, between organic aud inorganic sediments, 
between fragmental and crystalline rocks, between aqueous and sur
face igneous rocks. 

(2) All or a part of the Archean is considered as of igneous origin, 
but later in age than the pre-Cambrian clastics. The facts of those who 
have described downward gradations from unmistakable clastics into 
a crystalliJie complex by this school have not been interpreted as 
above. It has declined to apply the term metamorphism to a product 
which has become fluent, aud has insisted upon its essentially igneous 
character. Lawsou is conspicuous as having recently strongly put this 
side of the case; but it is noteworthy that Winchell, belonging to the 
first school, and Lawson, to the second, have had essentially the same 
facts before them, both having done their work in the same region. The 
difference is one of definition and emphasis rather than ideas. Both 
schools regard the granite-gneiss as material which has resulted from 
a ~hange in the condition of original sediments and has not moved far. 

This theory that the Archean or a part qf it is the liquefied fl<?Qr. Qf 
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the clastic rocks has the objection that it is an unverified hypothesis. 
When orwe a sedimentary rock has become fluent and is wholly free to 
crystallize anew how shall the material be identified~ To state that 
such material has not moved far is pure assumption. If the fusion 
theory is true the average composition of the unfused part of the clas
tic series and the subjacent material should agree. To obtain average 
analyses of rocks which vary widely in mineral character within short 
distances is not easy, but is a thiug which must apparently be attempted 
if this theory is to be maintained, for the writer sees no other way in 
which an attempt can be made to verity the hypothesis. 

Another class of geologists, noting these contact relations between 
the granitic rocks and the clastics, hold that the former, called by others 
Lower Laurentian or Archean, are eruptives of later age than the 
clastics with which they are in contact, without attempting to give any 
theory as to the source of the material. Here are included Hawes, 
Hall, Mather, Foster, Whitney, Wadsworth, Rominger, Herrick, and 
others. Rominger distinctly recognized the granites and granite
gneisses of this kind on the south shore of lake Superior as the subjacent 
rocks upon which the schists rest. Herrick saw the same relations with 
reference to his granitic and schistose groups on the north shore. In the 
last two cases the facts before the writers are precisely the same as those 
of the geologists of the second school; but, by giving no explanation of 
the source of the material for the granite-gneisses, they have escaped 
the difficulty of the unverified assumption that these eruptives repre
sent fused sediments. They fail to explain what has become of the 
floor upon which the clastics are deposited. Some floor they must have 
had. Where these eruptive contacts are found the floor has disap
peared, and if so the eruptives, if extraneous, must be considered to 
have eaten up or absorbed it. 

The three position8, that the granite-gneiss is selectively metamor-
. phosed material, is clue to subcrustal fusion, or is an extraneous intru
sive, may be considered to grade into each other. Those who insist on 
the first have selective metamorphism and contact phenomena to ex
plain. Those who insist on subcrustal fusion may be called upon to 
identify their material. They can only show the former fused condi
tion by contact phenomena, and contact phenomena are not evidence 
of progressive fusion, but intrusion. Those who regard the granite
gneiss as intrusives may be asked what has become of the floor upon 
which the clastics were deposited. 

(3) That the Archean is an igneous system earlier than any of the sedi
mentaries is apparently the conclusion of Emmons, Lieber, and others. 
These careful observers not on]y maintained the igneous origin of the 
granite-gneiss of the southern Appalachians, but traced the gradations 
between basic schistose rocks and massive eruptives, including horn
blende-schist and unmistakable dikes, and drew the correct conclusion, 
lately regarded as a new discovery, that such rocks are sometimes 

Bull. 86-31 
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metamorphosed eruptives. While the major portion of granite-gneiss 
and associated rocks were considered older than the oldest clastics, later 
intrusives of a similar character were recognized. This theory that 
the fundamental complex is igneous is that of Geikie as to the major 
part of the Archean of Great Britain and that of many German geolo
gists as to 'the basal complex of Germany, among whom Lehmann and 
Roth are conspicuous. In deed, these 1 ast two maintain the igneous origin 
of all the pre-Cambrian rocks, and Geikie says of the true Archean of 
Great Britain that with certain possible exceptions it not only contains 
no material which gives any evidence of ever having been sedimentary 
material of any kind, but it further contains no material which can be 
considered a surface volcanic, while in it there are many rocks which 
are certainly plutonic eruptives. 

The geologists of this third school, with the second school, recognize 
the igneous character of the granite-gneisses having irruptive contacts 
with the clas'tic series, but they decline to recognize these rocks as 
Archean. Such rocks are eruptives. Their age is to be designated 
precisely as are eruptive rocks which cut Cambrian, Silurian, or De
vonian strata. 

As bearing in favor of the really igneous character of the Archean is 
the fact that no case has been demonstrated, except possibly that of 
the marbles, of the production of a perfectly massive crystalline rock 
from a clastic without intervening fluidity. Metamorphism, whether 
the original rock is a massive eruptive or a stratified sedimentary, pro
duces a laminated or schistose rock. If a granitic structure can be 
taken as evidence of eruptive origin, and we know many ~ruptive rocks 
do have such a texture, a very strong case can be made for the enlp
tive origin of the larger part of the fundamental complex. The line 
of argument is precisely analogous to that by which the whole has been 
held to be sedimentary. There are complete gradations from the most 
completely schistose and laminated phases to the most massive phase. 
Also bearing in favor of a truly igneous character for the basal com
plex is the fact that the rocks referred in the first part of this section 
to the Archean are more nearly simulated by igneous rocks which have 
irruptive contacts with ancient clastics than by any recognizable meta
morphosed sedimentaries. In this connection may be mentioned the 
occurrences in the Appalachians and in British Columbia of relations 
between granitic rocks and strata as late as the Carboniferous or Trias
sic, analogous to those which often prevail between the granite and 
granite-gneiss and the pre-Cambrian crystalline schists. Here the one 
class of rock is known to be sedimentary, the other intrusive. It may 
be said that the actual gradations between the Algonkian and Archean 
in certain places are evidence that the latter are not igneous rocks earlier 
than the former; that gradations can be explained between subsequent 
intrusives and clastics, but not between igneous rocks and sedimentaries 
of later age. It has, however, been shown that as a consequence of 



VANIDSE.] DISCUSSIONS OF PRINCIPLES. 483 

powerful dynamic action two unconformable series, the one of which is 
composed of material from the other and therefore resembles it in com
position, may have developed conformable secondary structures and 
gradations, the latter eom:;equent upon the induced crystalline charac
ter of the clastic series, tbe original structures being simultaneously 
obliterated. Also recently Pumpelly has ascertajned that subaerial dis
integration of the earlier series is an important assistance in the 
production of such gradations. In certain areas it l1as been demon
strated that perfect conformity and complete gradation exist between 
series separated originally by wide unconformities, the earlier of which 
was probably of igneous origin while the later was certainly sedi
mentary. 

Whatever the origin of the fundamental complex, it is plain that the 
parts of any given area of it are not all of the same age. The dikes 
which everywhere cut it are the pipes through whieh have passed the 
later eruptives. At the time of the intrusion of these eruptives, large 
lakes of liquid material may have formed which crystallized as bosses, 
causing the Archean to contain considerable masses of rocks of really 
later age. Where these rocks are predominant the material must be 
classified as a later eruptive; where they are subordinate to the Archean 
m·aterial they are often difficult to separate from it although really later 
in age. Between the areas which rank as eruptives of later age and 
the genuine Archean, there are doubtless gradations. Along the zone 
of contact, if the mass of later eruptive be great, there might be an 
area which could equally well be placed with the fundamental complex 
or with the later eruptive. Between the Archean and later eruptives, 
as between the Archean and undoubted sedimentaries, there are gra-
dations. · 

The problem of the relations of the Archean as a whole to the over
lying clastics is the same as that within the .. A.rcheau itself. The finely 
laminated crystalline sehiRts and g11eisses, and tlw granite-gneisses and 
granites with which they are associated, have contacts in every respect 
analogous to those oceasionally found between the Archean complex 
and the clastic series. For example, it has been seen that the rocks 
heretofore called An·hean on the north shore of lake Huron comprise 
two parts. One part is older than and lies unconformably below, yield
ing fragments to the original Huronian. The other part has relations 
with the clasties of the character just considered with transition phe
nomena. If this material is an extraneous intrusive it is a post-Archean 
eruptive. If in situ it represents a portion of the pre-Huronian floor 
completely metamorphosed by selective metamorphism, or by aqueo
igneous f11sion, it can fairly, according to the fiTst and second school, be 
called a part of the .A.rchean. 

It is plain from the great diversity of opinion as to the origin of the 
Archean rocks, and from tl1e fact that many of the opinions are beliefs 
rather than verified conclusions, that we have no definite knowledge 
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upon parts of the subject. That there are comparatively few or no 
wholly massive rocks in this complex is precisely what would be ex
pected under any theory. Its history is too long. Whether originally 
igneous or aqueous, it could not be hoped that there would be found 
the characteristic lithological forms of igneous or aqueous agencies. 
Many or all of these rocks, not only subject to the movements · 
which have taken place since Paleozoic time, but to the movements 
which. have occurred in the far greater length of previous time-if not 
too deeply buried to be beyond the influence of the outer foldings, in 
which case they were buried beyond the crushing strength of rocks-

. wert latently plastic, and were probably at a high temperature. If 
originally massive and igneous in the ordinary sense, dynamic action 
has obliterated the regularity of the arrangement of the constituent 
particles and has given them a more or less laminated or schistose struc
ture. If sedimentary, all trace of that original sedimentary structure 
has been obliterated by the repeated foldings, contortions, and perhaps 
high degree of heat to which they have at various times been sul1jected. 
Of a necessity, through this complex have passed all subsequent erup
tives. Doubtless at various places and times in its history, parts of it 
have become practically fluid and from this condition it has again 
crystallized in the forms characteristic of eruptives. · 

DELIMITATIONS OF ARCHEAN. 

It is genera1ly aceepted that the Arebean bas no limit downward. It 
is the oldest system, and surely includes, if such rocks exist, all of tile 
original ernst of the earth. But as denudation progresses, material far 
within the earth approaehes its surfaee, not by intrusion but by gradu
ally rising as a whole. Before reaehing the surface the material has 
beeome crystallized. This original crystallization may have taken plaee 
in or even later than Algonkian time; hence, if these rocks are to be 
considered as belongiug to the age in whieh they crystallized, the 
Archean grades below into the Algonkian, even as it is believed in 
places to grade above into the Algonkian. The truth of this position 
is not lessened by the faet, if fact it be, that the earth as a whole, sub
jeet to sudden strain, acts as a rigid body. Even if true, it is equally 
certain that the crust of the earth, under eontinued strain, adapts 
Itself to it, thus showing real plastieity. But in any ease it can not be 
assumed that the rock material deep within the earth, under pressure 
far beyond the crushing strength of any known material, and at a high 
temperature, exists as crystallized minerals. We only know tbat it has 
these forms when the material rising by erosion nears the surfaee. 

The upper limit of the Archean is not easy to define, and the task is 
rendered more di:ffieult beeause geologists are not agreed upon the 
origin of the Arehean. If either the sedimentary or the suberustal 
fusion theory of its origin be accepted, there will be found gradations 
from rocks constituting the aneient complex described to rocks having 
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like relations with clastics of Algonkian and post-Algonkian time. 
Upon either of these theories, if sedimentary rocks are only buried deep 
enough, they will pass into crystallines by progresRive metamorphism 
or by subcrustal fusion, just as do rocks of Cam brian and post-Cambrian 
age. This the elder Hitchcoek so clearly Raw that he distinctly said 
that the so-called Laurentian granites and gneissPs of Vermont are prob
ably, in part at least, not older than the fossiliferous series. If the 
Archean be made to include all the thoroughly crystalline rocks below 
pre-Cambrian clastics, it includes rocks the age of which varies from 
Algonkian to pre-Algonkian. This anomaly is perlutps best met by 
making a more or less arbitrary division between Archean and post
Archean crystallines. The natural thcorrtkal plane to choose is the 
beginning of life; that is, to include in the Archean all truly azoic 
rocks. While this suggestion bas a plausible sound, we must believe 
that the dawn of life was very gradual and that its tracPs in its early 
stages are exceedingly sparse, so tlmt there wonld be great, if not in
superable difficulties in its practical application. 

If the third theory, that the Archean inehules only pre-sedimentary 
rocks, be correct, its upward limit is easy to defi11e; the Algonkian 
begin8 for each region at the time of tl1e depoRhion of the first sedi
mentaries. But there arc those who deny the exh.;tenee at the present 
time of any such ancient roekR, although they conecde their existence at 
one time, and they believe that the Arclte~tn as thus definPd represents a 
vast lapse of time in the history of the earth. This <lcnia1 of the preseilt 
existence of any rocks of greater age than the oldest sedimentaries is of 
course a pure unverified assumption defended on the ground of probabil
ity. If the original crust of the earth be defined as including more than 
the first outer skin, it is a question whether tl1e converse proposition is 
not equally probable. Even if the position be true, the school that be
lieves in the igneous origin of the Archean would still have a large mass 
of rocks for the Archean by shifting their ground Ro as to include in it 
all the material which in the slow process of inward crystaJiization has 
now reached the surface of the earth, not by intrusion in the rocks 
above~ but by ero8ion. This position would, however, be controverted 
by those who regard such rocks as plutonic and belonging to the age 

~ · of their equivalent sedimentaries. But in the nature of the case it is 
not possible to designate the particular age to which these rocks belong. 
That there exists upon the surface of the earth a part of the original 
crust of the earth, or its downward continuation by later cooling, can 
hardly be doubted; and since these can never be assigned to any defi-
nite period of sedimentaton they might well be considered as Archean. 
At any rate they are a class by themselves which, if not here placed, 
can not be referred to any of the geological periods. Fluther, this class 
of rocks when in contact with detritals of whatever age, by the very 
hypothesis of their origin must rest unconformably below them. The 
coincidence that so frequently~ if not always, there is reaJly a great 
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hiatus between the ancient sedimentaries and the basal complex might 
be urged as evidence of the truthfulness of this hypothesis. It is in
teresting here to remember that Emmons defined pyrocrystalline rocks 
as those due to the consolidation of the earth's crust, which rocks were 
said to increase in thickness by additions below. 

Sedimentation must bave begun in the earliest seas, while upon 
parts of possible continental areas volcanic materials alone were still 
accumulating. These latter, in accordance with the definition, would 
belong to the Archean. There would be in this case no positive equat
ing one with the other. When later, upon these Archean rocks con
temporaneous with the earlier Algonkian rocks, sedimentaries began to 
form, this would be for this region the opening of the Algonkian. 
However, it is not impossible tbat all such supposed contemporaneous 
Archean materials may have been carried away by erosion. Oerta,inly 
this would have been the case with a large portion of them, and it fol
lows that this difficulty may be rather theoretical than practical. 

The banded and contorted granite-gneiss which serves as a back-· 
ground for the Archean may not im1irobably be the part which has the 
origin above suggested, while the otlwr parts of the complex may be 
due to subsequent intrusives; the whole being kneaded into their pres
ent extraordinary complex relations by repeated dynamic movements 
and other metamorphic influences. This igneous theory of the origin 
of the .Archean, modified so as to include the pre-sedimentary original 
crust, if any remains, and the deeper crust which has reached the sur
face by denudation, perhaps more nearly covers the facts than any 
other as to the relations of the Archean to subsequent rocks, its com
plex lithological character, the relations of the rock phases to each 
other, and the long history written in the strained, altered, and broken 
mineral constituents. It accords with the idea held by Irving, Bon
ney, and others, that this earliest crystalline eomplex was produced 
under conditions differing from those of the rocks of any subsequent 
period. 

But the difficulties in the theoretical delimitation of the top of the 
Archean are so great that I prefer to confine myself to a statement of 
some possible solutions rather than to commit myself to any theory, 
although now inclining toward the third theory modified as suggested. 
Although the obstacles are not nearly so great in delimiting later peri
ods, the difficulties of making an exact definition for the Silurian, De
vonian, or Carboniferous are so consi<lerable that almost any of those 
given have been found to controvert the facts of some locality. If 
this is the case with reference to these later periods in which so much 
more is known, it should not be surprising that the obstacles to an 
accurate delimitation of the Archean are at present apparently insu
perable. 

But while it is impossible to make a wholly satisfactory theoretical 
definition of the Archean, it is frequently ~asy in the field to say with 
a great degree of probability what rocks are Archean and what post-
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Archean. For instance, in the Arizona region, as has been seen, above 
the typical Archean complex there is the most profound unconformity, 
upon the upper side of which the rocks are readily recognized clastics. 
From the writer's point of view the same thing is true for a large part 
of the lake Superior region. In the Uinta and Wasatch mountains, 
again, below the quartzites of probable Algonkian age, is a great un
conformity, and then appears the i~nplicated Archean. In certain other 
regions the separation of the Algonkian and the Archean is a matter 
of exceeding difficulty. As representative of this class of cases may 
be taken the Front range of Colorado, along the east side of_ which are 
unmistakable clastics, witl1 an ap}Jarent gradation between them and 
the crystalline complex. In the Appalachians, again, where for the 
most part the oldest clastic rocks recognizable are Cambrian, it can 
not be said whether the crystalline complex below is Algonkian or Ar
chean. Here the separation of the Cambrian from the pre-Cambrian 
has been accomplished only by a minute and laborious study. The two 
appeared to be in conformity and to grade into each other. It is only 
recently that this gradation baf:; been shown by Pumpelly to be consist
ent with a great unconformity between the two. The causes produc
ing this gradation between the Cambrian and pre-Cambrian in Massa
chusetts (post-Cambrian dynamic action and pre-Cambrian disintegra
tion) may also be found to explain the conformities and gradations be
tween the Algonkian and Archean. 

While it is then not easy to define the Arclwan, it is plain that the 
discrimination in the field between Archean and Algonkian is a real 
one and shouhl continue to be applied even if its exact theoretical 
meaning can not be said to be certainly known. It has been the cus
tom in the past to refer to the Archean practically all crystalline rocks, 
with many semi crystalline rocks which seem to be old, or the age of 
which was not determined. Under this practice vast areas in the Ap
palachians have been referred to the Archean, which are now being 
placed in the Cambrian, Dev?nian, and Car-boniferous. Doubtless in 
the same way many other areas which have been placed in the Archean 
upon closer study will be removed from it and the rocks distributed 
from the Algonkian upward. At this point a reform in geology is 
needed. If, for instance, the oldest rocks of clearly recognizable age 
are Triassic, and these Triassic rocks rest upon a complex, the struc
tural relations of which are not studied in detail, this complex should 
be denominated pre-Triassic rather than Archean. A large part of the 
difficulty in getting to understand from the literature the actual facts 
as to the occurrences and relations of the crystalline rocks has arisen 
from this practice of using the Archean as the dumping ground for 
everything of unknown age. 

STRATIGRAPHY OF ARCHEAN. 

In characterizing the Archean the methods applicable to its subdi
vision are clearly pointed out. If no part of it is demonstrably sedi· 
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mentary, structural methods can not apply. Its subdivisions must be 
made upon purely lithological grounds. If a part of it is demonstrably 
eruptive the relative ages of these parts may often be ascertained and 
all are necessarily newer than the part not recognized as eruptive, else 
these could not be shown to have this origin. Many attempts to apply 
stratigraphical methods to parts of the Archean have been made, but 
they have not thus far been successful. Such attempts have been 
based upon the belief that foliation represents sedimentation, but even 
working upon this erroneous basis it bas been stated that the struc
tures are so complicated that little progress has been made. So far as 
attempts to apply stratigraphical methods to this fundamental com
plex are concerned the conclusions of Whitney and Wadsworth are 
very largely true. Iftheir review of the''Azoicrocks" had been confined 
to this basement system, which is perhaps truly Azoic, the conclusion 
as to its indivisibility on a structural basis would have plausibility. 

The only division generally applicable to the Archean warranted by 
present knowledge is its separation into (1) fine grained mica-schists, 
feldspathic mica-schists (technically gneisses), hornblende-schists, horn 
blende-gneisses, etc; and (2) the granites and granitoid gneisses with 
their associates. The first class is generally dark colored, the second 
light colored. The lithological affinities of the second are with the ig
neous rocks. As already indicated, the change from a granite-gneiss 
area to a schistose area is not infrequently a transition. In passing 
from the schists to the granites often veins or dikes of granite are first 
found, or interlaminations of granite-gneiss with the schist. After a 
time the schistose rocks and granite-gneiss are about equally impor-

. tant. Proceeding onward the granite-gneisses become predominant. 
These relations are precisely those already described and interpreted 
by one school to mean that the granite-gneisses are extraneous intru
sives, by another that they are the aqueo-igneous fused sedimentary 
beds in situ, and by a third that they are selectively metamorphosed 
beds. To designate the gneissoid granite part of the Archean the term 
Laurentian has always been employed and is now generally restricted, 
the finely laminated crystalline schists being commonly referred to the 
Huronian. Laurentian under this usage is made to include the impli
cated granite-gneiss of the basal complex, somewhat regularly lami
nated granite-gneiss, and also many areas of nearly massive granite, a 
part of which latter may be and probably is of later age than the former. 
The first is clearly Laurentian. It is equally clear that the granite
gneisses known to be of later age than Algonkian clastics, like those. 
described by Lawson northwest of lake Superior, should be excluded 
from the Laurentian. To place these rocks here is to introduce a new 
principle in geology; i. e., it is giving rocks of recognized eruptive ori
gin a separate term when they should be given the name of their con
temporaneous clastics. The eruptives which are contemporaneous with 
the Tertiary rocks are so named. Rocks which cut Tertiary rocks and 
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c~ul not be more accurately located are called poHt-Tertiary. In like 
manner the grauite-grwis.;;;es which are reeognized as ei·nptives of later 
age than sedimentaries should be aRsigned if possible to the nge to which 
they belong, and if not, their limitations expressed. This restriction 
of the term Laurentian will undoubtedly eliminate from it large areas 
of rocks which have heretofore been recognized aH Laurentian, but to 
include both the original granite-gneiss and later granite-gneisses under 
a single time term is but to deliberately continue a confused classifica: 
tion after facts have been discovered which render it unuecessary. All 
were first referred to the Laurentjan only because a discrimination as 
to age had not been made between them. 

It appears to me that the best use whieh can now be made of the 
old term Laurentian is to restrict it to the Archean granite-gneisses, 
including in it no rocks which traverse Algonkian Redimentaries. This 
use of the term Laurentian is different from the original proposal of 
Logan. The original Laurentian is largely and, with the exceptiOn of 
the great lower "orthoelase" gneiss, perhaps wholly a series of detrital 
origin, being composed of limestones, quartzites, and regularly lami
nated gneisses which almost certainly are altered clastic rocks. 
Dawson (Sir William) in a late pal)er insists that the bedded sedimen
tary clmracter of this and adjacent series can not be doubted. It 
was natural in the days in which lamination of any kind was by 
most geologists· regarded as proof of sedimentation, that the term Lau
rentian should be carried over to the underlying thoroughly crystalline 
granitoid gneisses. The known area of this latter class has now become 
so great that the clastics of the type series and other clastics here 
placed are insignificant in comparison. The Hastings series, after
wards connected by Vennor with the original Laurentian, was first 
referred by him to the Huronian, and there is little doubt that this 
series would, if newly found in the great expanse of northern Canada, 
be thus placed. This is still more emphatically true of the so-called 
Laurentian clastics of lake Nipissing, which were referred to the Huro
nian by Selwyn. That two groups of rocks were included in the Lau
rentian of Logan, that author early recognized by his subdivisions: 
Lower Laurentian, including the basal granitoid formation; and Upper 
Laurentian, including all the limestones, etc. The later work of the 
Canadian survey has emphasized the reality of this division. In recent 
years the practice of the Canadian Survey has been to include all or 
nearly all of the more regularly laminated rocks which may be posi
tively asserted to be of clastic origin, as well as many of which this 
assertion can not be made to the Huronian. The difference betwemJ 
the Laurentian of lake Superior and that of Logan's original area was 
early noted by Macfarlane, Brooks, and Rominger. The last two 
went so far as to suggest that about the lake Superior region it is prob
able that the l.Jaure.ntian of eastern Canada is not represented. That 
possibly the fragmental rocks of the Laurentian of the East may be 
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equivalent to the more crystalline of the fragmental rocks about lake 
Superior, here called Lower Huronian, was early suggested by Cham
berlin. Excluding from the Laurentian the small areas of clastics here 
referred, and applying the term to the vast areas of rock referred to 
this system during the last forty years would seem now to be the pref
erable course. This usage accords with tbe principles of good nomen
clature in that it makes the Laurentian a definite unit and avoids the 
anomaly of including under one term two radically different groups of 
rocks. 

The fine grained, dark colored schists belonging to the basal complex 
and antedating the Algonkian should have a name assigned to them 
coordinate with Laurentian as the other main lithological division of 
the Archean. If Lawson's Coutchiching series belongs here this term 
has priority for this place. Law~on, however, regards this series as 
probably sedimentary, although upon this point additional evidence is 
needed. If it turns out that the Coutchiching is sedimentary under 
the classification proposed in this paper the series belongs with the 
Algonkian. As a provisional name for tltis second division of the 
Archean is proposed the term J\Iarcniscan. This term, like Laurentian, 
is a geographical one derived from Mareniseo townsllip, Michigan, south 
of the Gogebic range, where tbeHe rocks have a typical development. 

The Archean as a whole naturally occupies a group place in the clas
sification, and its Laurentian and Mareniscan would be systematic in 
their value if they were structural terms. But until the Archean can 
be separated on a structural basis, if it ever can be, it will be necessary 
for the purposes of atlas sheet mapping to treat the group as a unit, 
except that lithological divisions may be made. With reference to 
Archean, we are in the same difficulty as with Agnotozoic or Protero
zoic, considered below. This group can at present have but a single 
system division, the Algonkian, because we are not yet able to subdi
vide the group into systems which can be shown to be general for the 
whole of America. 

The anticlinal structure described as general1y characteristic of the 
Archean ranges of the west has been based upon the belief that folia
tion represents bedding, and also on the obsevations that the overlying 
sedimentary rocks often dip away fi·om the axes. The anticlinal struct
ures of the sedimentary rocks and that of the Archean are independent 
questions. If the Archean as a whole be regarded as of igneous origin, 
it would be expected that a gradation from massive rocks in the cores 
to schistose rocks upon the flanks would be found, for these outer zones 
are the places where the most powerful effects of dynamic action are 
felt, and also the parts where greater interior accommodations of the 
constituent particles are necessary. In dynamo-metamorphic eruptives 
of post-Archean age precisely these relations prevail. The determina
tion of the structure of the Archean cores must wait until the origin of 
the Archean has been determined; in short, until it is known whether 
structural methods are applicable at all. 



VAN IIISE.) DISCUSSION[) OF PRINCIPLES. 491 

NECESSITY l!' OR A GROUP BETWEEN CAMBRIAN AND ARCHEAN. 

The Olenellus fauna is taken as the baRe of the Cambrian. The rea
sons for thus delimiting the Cambrian below are fully considered by 
Walcott in one of this series of correlation papers and will be sum
marized on a subsequent page. His results are accepted. The Cam
brian fauna in development is far, some biologists say nine-tenths of 
the way, up the life column. This statement, if accepted, implies a 
prior life of vast duration. 

Just as another period of life has succeeded the Cambrian, another 
has preceded it. The progress of paleontologic know ledge has of late 
been downward. Before there was a recognized Cambrian there was 
a well known Silurian, and it is probable that when all parts of the 
world become geologically known other faunas will be discovered below 
the Cambrian as distinctive in character as the Cambrian is from the 
Silurian. If this be done, definite information will be available to cor
relate rock series of different parts of the world in the time place be
tween the Cambrian and .Archean. 

If the condition of the globe was such that life existed in pre-Cam
brian time, it also was such that stratified rocks could be deposited 
not unlike those of later timeR, Ho that the only question which arises 
is whether any of these stratified rocks now remain in such a condition 
as to be recognizable. The foregoing pages and the literature sum
marized give a mass of evidence upon this point which is overwhelming. 
Such intervening clastic series do exist below the Olenellus fauna in 
many regions inN orth .America, and in some cases the volumes of rock 
and great intervening erosions represent a lapse of time which may 
be not Inaptly compared with all subsequent time. If geological his
tory were to be divided into tlu·ee approximately equal divisions, 
these divisions would not improbably be the time of the .Archean, the 
time of the clastic series between the .Archean and the Cambrian, and 
the time of the Cambrian and post-Cambrian. In this connection it 
is well to recall that many years ago Logan suggested that the thick
ness of the Laurentian and Huronian may surpass that of all suc
ceeding formations, and the appearance of the so-called Primordial 
fauna may be considered a comparatively modern event. 

It is imperative that some term shall be available to cover the great 
mass of rocks between the Cambrian and .Archean. Irving was the 
first to realize and urge the necessity for such a term and proposed 
for it .Agnotozoic. This term implies the existence of life in this sys
tem, and the evidence upon this point is conclusive. Life is indicated 
by the presence of thick beds of graphitic limestones, beds of iron car
bonate, and by great thicknesses of carbonaceous shales, which are rep
resented by graphitic schists in the more metamorphosed phases of 
the rocks. It has been urged by Whitney, Wads worth, and others that 
the limestone and graphitic schists may have an origin other than 
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organic. Whitney and Wadsworth have gone so far as to say that 
there is no valid evidence of life in any pre-Potsdam rocks. This was, 
however, before it was generally recognized that the Potsdam is Upper 
Cambrian and that au abundant Cam brian life extends far below. If 
it were true that these limestones and ore beds are no evidence of life 
(and it may be admitted that another origin is possible without imply
ing that it is probable), it will hardly be maintained that the hydro
carbons which occur so abundantly in the little metamorphosed shales 
of the Huronian about lake Superior· are other than of organic origin, 
and, if so, the graphitic schists which stand in the same. grea.t system 
in the geological column aTe in all probability only these hydrocarbo· 
naceous shales in a more altered condition. However, we are not obliged 
to depend upon the presence of these varieties of rocks as the only 
evidence of life. Whether the ],Jozoon canadense found in the original 
Laurentian of Canada is of organic origin will not be discussed here. 
Its literature is volumh1ous and it is a question which concerns the 
paleontologists. It is doubtless true that many of the specimens which 
have been called Eozoon are results of the forces of crystallization; 
but, admitting this, it docs not follow that all of the material called 
Eozoon is of this character. Passing by this question, the pre-Cambrian 
fossils described by Walcott in the Grand canyon of the Colorado 
include: "A minute Discinoid or Patelloid shell, a small Lingula-like 
shell, a species of Hyolithes, and a fragment of. what appears to. have 
been ~he pleural lobe of the segment of a trilobite belonging to a genus 
allied to the genera Olenellus, Olenoicles, or Paradoxides. There is 
also an obscure Stromatopora-like form that may or may not be or
ganic." 

A Lingula-like shell has been found by Winchell in the pipestones of 
Minnesota. Selwyn has described tracks of organic origin in the Ani
mikie (Upper Huronian) series of lake Superior. Murray, Howley, and 
Walcott found several low types of fossils in the pre-Olenellus clastics 
of Newfoundland. 

That these fossils are of organic origin can not be doubted. But while 
many will admit the clastic character of the great groups of rocks con
sidered and the organic origin of the forms mentioned as well as the 
carbon of the carbonaceous shales and schists, they will say that these 
are merely evidences that the rocks in which they lie are Cambrian. 
The reply to this is that it is a question of nomenelature. If it be pre
mised that all clastic and fossiliferous rocks more ancient than the 
Olenellus horizon are Cambrian it is useless to try to prove that there 
are pre-Cambrian clastic rocks which bear life. It is, however, neces
sary to recognize that the carrying downward of the term Cambrian 
to cover not only the great thicknesses of rocks which are now in
cluded within it, but all pre-Olenellus clastics, will probably make the 
Cambrian as great as or greater than all the subsequent periods put 
together. That this is inadvisable is plain, and the clastic rock masses 
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below the Olenellus fauna are so enormous that the proposal to intro
duce a general term like Agnotozoic. as the equivalent of Paleozoic, 
Mesozoic, Cenozoic, to cover this great gToup is a conservative one, 
Irving foresaw that the term would be objected to because sooner or 
later the life will become to a greater or less degree known, and he sug
gested as an alternative for Agnotozoic, Eparchean in contradistinc
tion to Archean, which was reserved by him to cover the fundamental 
complex. As the character of the life of this group is already be
ginning to be known, it seems to me that the term Proterozoic, con
sidered for the place by Irving, but rejected, is preferable to either 
Agnotozoic or Eparchean. 

In a conference of the members of the U.S. Geological Survey, caUed 
by the Director at Washington, these terms were discussed with refer
ence to atlas-sheet-mapping, although thm·e was no question on the 
part of any one as to the necessity for some such term. Recognizing 
the impracticability of the certain correlation with one another of the 
one or more pre-Cambrian clastic series which occur in the various 
regions, and recognizing the fact that for use in mapping a uniform 
plan must be adopted, it was suggested that a term of the same class 
as Cambrian, Silurian, and Devonian should be selected for rocks 
here included, and to occupy this place the term Algonkian was 
proposed and accepted. The proposed generaJ scheme of classification 
for the lower part of the geological column is then as follows: 

{

Carboniferous. 
. Devonian. 

Paleozoic ... ----- .... -- .. --- ...... --··--.. Silurian. 
Cambrian. 

Agnotozoic, or Proterozoic ............. _ . __ .Algonkian. 
Archean ....... - - _ ... - - __ . __ ... _ ... __ ....... Archean. 

The introduction of the term Algonkian has been objected to on the 
ground that it will supersede the older term Huronian. In answer to 
this it may be said that Huronian has not been generally used as 
Algonkian is defined, and it therefore does not supersede this term. 
Huronian will be retained for. certain of the clas~ic series of Lake Supe
rior and Canada, as well as for rocks in an equivalent position in other 
parts of North America and Europe, if such equivalence can be deter
mined, just as before Algonkian was introduced. The Huronian will 
stand as one of the great series of rocks which together make up the 
Algonkian. 

DELIMITATIONS OF THE ALGONKIAN. 

The further back we go in the history of the world for any given 
region the more frequent have been the changes through whi~h a rock 
stratum has passed, and therefore there is inereasing difficulty in deter
mining bounding planes with sharpness, although in different region.s 
rocks of the same degree of metamorphism may differ vastly in age. 
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The truth of this is well illustrated by comparing the eastern and west
ern regions of the United States. In the former powerful dynamic 
movements have occurred until late in Paleozoic time, as a result of 
which the Cambrian, Silurian, and Devonian rocks over large areas 
have not been separated from the pre-Cambrian. In certain areas this 
separation has been accomplished, but only by the most accurate and 
painstaking application of modern methods. In parts of Massachu
setts and Vermont the areas covered and the results reached have in
volved an enormous amount of labor, although of late paleontology 
has been an important help in unraveling the problem. Under these 
circumstances how much more difficult would one expect it to be to 
separate the pre-Cambrian clastic series from the Archean! 

In parts of the West. where no close folding has occurred since Cam
brian time, it is easy to separate the Cambrian from the pre-Cambrian, 
and in regions in which metamorphosing influences have not been at 
work for a still longer time it is ea~y to separate the pre-Cambrian 
clastics from the Archean. But in other regions this separation is 
made with the greatest difficulty, and doubtless over large areas this 
will never be satisfactorily done." Just as in the Appalachians, in parts 
of which it may be impracticable to separate the Cambrian rocks from 
the pre-Cambrian clastic series, if such exists, so it will be for a long 
time impossible to decide in some regions upon sharp boundary lines 
between the pre-Cambrian clastics and the Archean. Giving full force 
to this position, it is no reason why the discrimination should not be 
made where it can be. 

Recent work in petrography has demonstrated that dynamic move
ments and environment, not time, are the important elements in the 
obliteration of clastic characteristics. Dynamic movements also destroy 
the evidences of discordances between series where there have been real 
unconformities. This destruction of tlte evidence of structural breaks 
comes about largely as tue result of au approaching parallelism of bed
ding, caused by the close folding, but far more important than this is 
the production of a common cleavage and foliation with the simulta
neous development of crystalline schists from the newer series. As a 
consequence basal conglomerates are often almost the only means of 
discriminating between the newer and the older series, and if the meta
morphosing influences are powerful enough to destroy the pebbled char
acter of such beds, changing them into schists or gneil:)ses, as has occurred 
in many places in the Cambrian of the Appalachians, this means of 
detecting a break between series is also lost. The problem is rendered 
still more difficult because of the fact that often when there is a real 
unconformity there has been originally no basal conglomerate. At 
many localities in tue far West the basement fossiliferous series are built 
up of the constituent minerals of the underlying rocks rather than of 
large fragments of them, and even when not folded have sometimes so 
closely simulated the original rocks that geologists have been at a loss 
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to determine at what plane the clastics end and the crystallines begin. 
If it has proved difficult to separate the unfolded elastics from under
lying crystallines how much more difficult must it of necessity be to 
separate series that have together been subjected to intense and per
haps repeated dynamic actions. 

The Algonkian has been defined as including all recognizable pre-Cam
brian clastics and their equivalent crystallines. In the consideration of 
the character, origin, and delimitation of the Archean the lower limit of 
the Algonkian has been given. Its basal plane is the lowest of the 
recognizable clastic rocks. It has been seen that there are great dif
ferences in the ease of recognition of the basal Algonkian plane in dif
ferent regions. In the Uinta mountains, in the Grand canyon region 
of Arizona, in portions of the lake Superior region, in the original 
Huronian region, and elsewhere, between the Algonkian and the 
Archean, there are great unconformities, above which are the readily 
recognizable clastic rocks, and below which are the thoroughly crystal
line basal complexes. Even in many regions in which there have been 
repeated foldings since Archean time, and in regions obscured by erup
tive activity, it is perfectly clear that a large part of the rocks are 
clastic and belong with the Algonkian, while other parts have all the 
characteristics of the fundamental complex. Occupying an interme
diate position are occasionally found areas of rocks which can not cer
tainly be placed with the Algonkian or Archean, but this difficulty is 

· not peculiar to this separation any more than to other general recog
nized planes, such as that separating the Cambrian and Silurian in 
folded districts. :M:any of the members of the Canadian Geological 
Survey have described the Huronian and the Laurentian as conform
able, with gradations between the two. This apparent accordance and 
gradation is in many cases due to the fact that placed with the Huro
nian are many rocks which would under the use of the terms here 
proposed be regarded as Archean. In other cases there are apparent 
conformities and gradations between undoubted clastics and the under
lying rocks having all the characteristics of the fundamental complex. 
The significance of these gradations is discussed in another place, 
where it was seen that they are not inconsistent with genuine struc
tural breaks. 

It has been stated that the reasons for placing the base of the Canl· 
brian at the Olen ell us fauna are considered by Walcott in this series of 
correlation papers, and that his results are here accepted. It is, how
ever, to the point to consider whether this horizon answers equally well 
for the upper limit of the Algonkian. Evidentl~ all the arguments 
brought forward by Walcott for placing this fauna as the base of the 
Cambrian apply as well for considering the horizon below this as upper
most A.lgonkian; for the widespread character, both European and 
American, of the Olenellus fauna makes it a particularly easy one to 
identify and therefore valuable for the purposes of discrimination. In 
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the lake Superior region and in many other localities acove the upper 
.Algonkian are unconformities, the first of the Cambrian being middle 
or upper. In other regions, as in Newfoundland, the upper .Algonkian 
is marked by an unconformity, and the formation immediately above 
bears the Olenellus fauna. This is the most favorable and clear case. 
In the Wasatch and several other Tanges of Utah and Nevada, in 
British Columbia, and probably in the southern .Appalachians, below 
the Olenellus fossiliferous Cambrian are conformable series of quartz
ites and slates of great thicknesses. .Are these lowest Cambrian or 
uppeTmost .Algonkian~ May not the Olenellus fauna in the future be 
found to extend downward through a greater OT less thickness of these 
apparently barren rocks~ If in any region the fauna be found to ex
tend downward for a long way, it is probable that species and genera 
characteristic of the Olenellus horizon as now known will drop out and 
others appear which are different. The Olenellus would thus grade 
into a pre-Olenellus fauna. Such a gradation will doubtless SQme
where be found, while in other regions the change from an Olenellus 
fauna to one of a pre-Olenellus type may occur abruptly. In either 
case there will finally appear a fauna which is not the present known 
Olen ell us fauna, but which is as different from it as is the Cambrian 
from the Silurian (Ordovician). .As the term is here used, such a fauna 
is pre-Cambrian, and the rocks containing it are .Algonkian. In the 
following paragraphs great barren inferior series conformably below 
the known Cambrian are placed with the .Algonkian on the ground of 
probability. The presence of an abundant lower Cambrian life at a 
certain horizon within the conformable succesRion, with apparent com
plete absence of life in immense thicknesses of rocks conformably below, 
which, so far as lithological character is conceTned, are equally likely to 
bear fossils, throws the weight of evidence in favor of the .Algonkian 
age of these rocks. It is, however, more than probable that some part 
of the conformable downward extensions of the Cambrian which are 
here provisionally referred to the .Algonkian will in the future be found 
to belong with the post-.Algonkian. 

The newest Proterozoic or .Algonkian rocks of different regions may 
stand in different positions, just as the superior rocks of the Paleozoic 
may in any given region be Cambrian, Silurian, Devonian, or Carbon
iferous. 

DIFFICULTIES IN ALGONKIAN STRATIGRAPHY. 

Sine~ among the pre-Cambrian clastics, paleontology is not yet avail
able in correlation, it is exceedingly difficult to make widespread sub
divisions of the .Algonkian, such as are made in later time. The diffi
culty is further increased by the unequal metamorphism in different 
regions of series of the same age. The .Algonkian is in just such a 
position as regards wide correlation of its constituent series as would 
be the Paleozoic and Mesozoic if their known fossil contents were so 
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small as to be useleRR for the purposes of correlation. The Rtructnre of 
indiv-idual districts mHl reg·ions could be worked out and the formations 
conelated, but the attempt to equate the Cambrian, Silurian, Devmlian, 
or Carboniferous of one rrgion with rocks of the same age in a far dis
tant one would be an almost hopeless undertaking. In the Carbonif
erous the beds of coal would serve as an important guide, but if im
plicitly followed and no fossils were available the Triassic of Virginia, 
the Carboniferous of the central United States, and the CretaceonH of 
the west would be placed together. If the iron carbonate formations 
of the Algonkian in the lake Superior region, which appear to be the 
most characteristic of any one kind of rock, were followed as a guide, 
the results would probably be as far from the truth. 

We may, perhaps, go so far in some cases as to correlate series which 
occur in different districts of the same region when a set of character
istic formations forming the series occur in like order and the series as 
a whole is in the same relative position to overlying and subjacent 
series, one or both of which are known to be identical in both districts. 
It is probable, when several pre-Cambrian series occur of the same 
general character, with like relations to each other and to the ..c\.rchean 
all(l Cambrian, and not so far apart as to be outside of the same geo
logical basin, that a provisional correlation is warranted. While, then, 
it is not practicable to subdivide the Algonkian into general systems 
which shall cover the whole of North America, it is often possible so to 
do in a single geologic~l basin, or in adjacent basins in which the rela
tions of the separate formations and series can be worked out. 

Before considering the principles applicable to the subrliviRion and cor
relation of the Algonkian series, it will perhaps be well to review briefly 
the regions in which pre-Cambrian rocks occur, and indicate their char
acter and relations, as well as their relations to the Archean. The order 
followed is that of the review of literature. No attempt is made to give 
detailed evidence for the conclusions stated. For this it will be neces
sary to refer to the fuller accounts of the several regions in the previous 
chapters. 

TilE ORIGINAL LAURENTIAN AND ASSOCIATED AREAS. 

In this region are Algonkian rocks at the following localities: Hast
ings district, lake Nipissing, Ottawa river, and Upper St. Lawrence 
river. The Grenville area of the Ottawa is the original h'lurentian 
type district and the one mapped in most detail. While the maps do 
not connect these areas, the similarity of their clastic rocks is such as to 
indicate a present or former continuity, with the exception, perhaps, of 
those of lake Nipissing. The clastics consist of interstratified lime
stones, quartzites, conglomerates, green slates and schists, mica
schists, hornblende-schists, and regularly bedded gneisses, tog~ther 
.estimated to be thousands of feet thick. Associated with t"4ese ar~ 
p.iabasic and chloritic rocks, both massive a,nQ. schistose~ 

Bull. 86-32 
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In the Hastings series there are found considerable areas of pecuUar 
volcanic clastics. Below these rocks is a great complex in every respect 
like the Laurentian Archean as above defined. This latter system, 
called usually Lower Laurentian, occupies the main area of the region, 
and the clastics are in a series of troughs within it. What the relations 
are l>etween the clastics and the fundamental complex has not been 
definitely ma(le out, although Vennor believes that between the two is 
an unconformity, and that the clastics are infolded patches. The evi
dence given for this is, however, rather meager, and doubtless almost 
as good a case could be made out with preseut facts for the theory of 
an irruptive contact between the crystallines and the clastics. The 
Labradoritic rocks (gabbros) found in this region need not be consid
ered in the stratigraphical succession, as they are eruptives of later age 
than the clastic series. Besides this eruptive, other acid and basic 
eruptives cut the bedded succession. 

To the clastics, Logan, Murray, Vennor, and all who have worked in 
this region recognized that ordinary stratigraphical methods could be 
applied. The persistence of the bands of limestones is such as to ena
ble them to be traced for long distances. Although the problem 
was a difficult one, a detailed mapping, with sections, has been submit
ted for a small part of the ar~a. The structural relations and correla
tions which Vennor first gave differ greatly from his final ones, and it 
may be that even in the areas in which detailed mapping was attempted 
that serious mistakes had been made; hut if ~his be true, the region is 
in no respect different from any other in which the structure is difficult. 

All of the pre-Cam brian rocks here found were supposed by the 
Canadian geologists to be lower in the geological column than the 
Huronian of lake Huron. Upon the last point no positive evidence is 
at hand. The two rock series do not come together. In the most west
ern Hastings district of the Laurentian, the clastics, in lithological 
character, degree of crystallization, and amount of folding are inter
mediate between the Laurentian and Huronian of the type areas. At 
first the Hastings clastics were correlated by Vennor with the Huron
ian, and with this correlation certain of the official Canadian geologists 
now agree, but afterwards they were traced with breaks of not very 
great distances to the original Laurentian area and have always been 
thus mapped. 

THE ORIGINAL HURONIAN. 

The Original Huronian of the north channel of lake Huron consists 
of comparatively little-altered quartzites, slates, slate-conglomerates, 
graywackes, cherts, and limestones having a total thickness of 18,000 
feet, counting considerable masses of interstratified greenstone which 
are recognized as eruptives. Recent _ observations render it probable 
that these rocks are to be divided into two unconformable series, the 
Jower of wb-ich is 57000 feet and the upper 131000 feet thick, The first 
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would thus be properly designated as Lower Huronian and the second 
as Upper Huronian. Although cut locally by later granites, the lowest 
member of the inferior series is separated from the basement complex 
by a great unconformity. The upper members rest unconformably 
below the Potsdam ~mudstone. The upper series is so gently folded 
that the careful work of Logan and Murray enabled them to map these 
rocks in detail and to work out their structure. This has been done 
for a considerable district with as much certainty and accuracy as in 
many areas among the fossiliferous rocks. The rocks were divided into 
a number of formations, which were found to be persistent throughout 
the district. They were traced as a broad belt for several hundred 
miles in a general direction northeast. Along the Canadian Pacific 
railway as far as Sudbury and in the vicinity of Sudbury more tllan a 
general study of this great area has been made. The clastic rocks of 
this part of the region have the same general character as the type 
district, but in the Sudbury district there are peculiar contemporaneous 
volcanic clastics. In the little studied remainder of the region, as 
mapped, numerous granitic and gneissic areas are included, some of 
which may be subsequent intrusives, but many of which probably rep
resent the underlying Archean. 

LAKE SUPERIOR REGION, 

In the lake Superior region, between the Archean and the Pots
dam sandstone, the great Algonkian system is subdivided into three 
series, which are separated by very considerable unconformities. The 
lowest series is closely folded, semicrystalline, and consists of lime
stones, quartzites, mica-slates, mica-schists, schist-conglomerates, and 
ferruginous and jaspery beds, intersected by basic dikes, and in certain 
areas also by acid eruptives. It includes volcanic clastics, often agglom
eratic, and a green chloritic, :finely laminated schist. The thickness of 
this series has not been worked out with accuracy, but at its maxi
mum it is probably more than 5,000 feet. As the term Huronian has 
been for many years applied not only to the Upper Huronian series, but 
to this inferior series about lake Superior, it is called Lower Huronian. 

Above this series is a more gently folded one of conglomerates, quartz
ites, shales, slates, mica-schists, ferruginous beds, interbedded and cut 
by greenstones, the whole having a maximum thickness of at least 
12,000 feet. In the Animikie district a fossil track has been found, and 
in the Minnesota quartzites lingula-like forms as well as an obscure trilo
bitic-looking impression. Carbonaceous shales are abundant. In its vol
ume, degree of folding, and little altered character the Upper Huronian 
is in all respects like the upper series of the original Huronian, and 
can be correlated with it with a considerable degree of certainty. Above 
the Upper Huronian is the great Keweenawan series, estimated at its 
maximum to be 50,000 feet thick, although its average thickness is 
much less, Its lower division consists largely of basic and acid vol·. 
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canic flows, but contains thick beds of interstratified sandstones an<l 
conglomerates, especially in its upper part. The upper division, 15,000 
feet thick, is wholly of detrital material which is largely derived from 
the volcanics of the same series. 

The unconformity which separates the Lower Huronian from the 
Upper Iluronian and that which separates the latter from the Kewee
nawan each repret5ents an interval of time sufficiently long to raise tLe 
land above the sea, to fold the rocks, to carry a,way thousands of feet 
of sediments, and to depress the land again below the sea. That is, 
each represents an amount of time which perhaps is as long as any of 
the periods of deposition themselves. In parts of the region the lowest 
clastic series rest unconformably upon the fundamental complex, bnt 
in certain areas the relations have not been ascertained. The upper of 
the three clastic series, the Keweenawan, rests unconformably below 
the Cambrian. 

In the lake Superior region it has been possible with a com;iderable 
degree of certainty to refer the detached areas of pre-Cambrian claRtic 
rocks to one or another of the three series mentioned, although there 
have been tlharp differences of opinion \Yith reference to certain of the 
areas. It has been possible further to subdivide the series into forma
tions, some of which have a widespread extent within the region. The 
best results in correlating the subdivisions within the series have been 
reached in the Penokee and Animikie districts. 

Correlations of series in this region have been based upon uncon· 
formity, upon lithological similarity, upon the belief that the greater 
dynamic movements which have affected the region have been wide
spread, and upon degree of crystallization of the rocks. The correla
tion of the formations within a given series has been based upon litho
logical characters and upon a similar succession of like beds. 

THE REliiON ABOUT HUDSON BAY. 

Within the main Canadian area of pre-Cambrian in the region about 
Hudson bay exist several troughs in which there certainly ocmu frag
mental rocks such as slate-conglomerate, limestone, and dolomite. 
These are associated with "imperfect" gneisses, a great variety of 
schists, and schistose and jaspery iron ores. The lYiarble island series, 
with that of the adjacent shore, is closely analogous in lithological 
character to the Upper Huronian, while the more crystalline phases 
resemble the Lower Huronian. The chief indication available as to 
the relations of these rocks to the basal complex is the presence in the 
slate-conglomerates of syenite pebbles, like the rocks of the under
lying crystallines. Resting unconformably upon the foregoing clas
tics and upon the basal complex is the Manitounuck series, which 
consists of siliceous and argillaceous limestones, sandstones, quartz
ites, shales, ironstones, with interbedded amygdaloids and basalts, 
f\!ll tbe members of the series being in a practically unmetamorphosed 
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condition. This series, in its structural and lithological characteri~
tics is remarkably like the Keweenawan of lake Superior, and its dis
tance from the nearest area of this series, the Nipigon, is not very 
great, so that its correlation with the Keweenawan can be made with 
a fair degree of probability. There are then about Hudson bay, between 
the Cambrian and the Archean, at least two, and perhaps three, series 
of rocks, the uppermost of which rests upon the lower series uncon
formably. 

OTHER REGIONS OF NORTHERN CANADA. 

Too little is known of the vast expanse of pre-Cambrian rocks which 
constitute the northern parts of Canada to make any definite state
ments. It is, however, evident that rocks lithologically like the 
Archean of the previous regions discussed constitute the great area. 
It is equally plain that within this area, at various districts, are rocks 
which show undoubted evidences of clastic characters as shown by the 
presence of limestones, schistose conglomerates, volcanic clastics, etc._, 
which have a lithological likeness to the Keweenawan, Upper or Lower 
Huronian of lake Superior, but which can not yet be closely located. 
The Huronian area of the north channel of lake Huron extends to an 
unknown distance in a north and northeast direction. .Also, it is by 
no means certain that many of the rocks referred by Dawson to the 
Cambrian are not really pre-Cambrian, as used in this essay. The 
Coppermine series, for instance, in its lithological character and posi
tion, is such as to lead to a comparison of it with the Keweenawan or 
Animikie of the lake Superior, or both. But the structural work in 
this vast area can be considered but as barely begun. 

THE EASTERN TOWNSIIIPS. 

In the Eastern Townships there is unconformably below the fossilifer
ous Cambro-Silurian a series of little altered slates which rests uncon
formably upon crystalline or semicrystalline schists. These have been 
regarded by the Canadian geologists as Lower Cambrian, although in 
them no fossils have been found. In position and lithological charac
ter they are compared with the gold-bearing slates of Nova Scotia. .As 
the Canadian Geological Survey uses the term Cambrian, includiug the 
.Animikie and Keweenawan, this series is probably Cambrian, but, mak
ing the basal Cambrian as is. clone in this essay the series bearing the 
Olenellns fauna, it is probable, although not certain, that this series of 
slates is pre-Cambrian and Upper .Algonkian. Of the series of sellists 
unconformably below this series tllere are no very full descriptions. It, 
llowever, includes mica-slates, staurolitic schists, crystalline limestones, 
argillites, and graphitic schists, and with these volcanic clastics. This 
is certainly a clastic series in part at least. The whole is associated with 
granites which are regarded by Ells as intrusives in the schists, and 
one of the causes of their metamorphism, but by Selwyn are supposed 



502 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 86. 

to be the clastic series in a more metamorphosed condition. In this 
region it is probable that the fundamental complex does not appear, 
the lowest series found being a clastic one which is to be placed in 
the Algonkian. The lithological character of the Lower Algonkian 
crystalline series more nearly resembles the Upper Laurentian of the 
original Laurentian area than any other. The unmetamorphosed slate 
and quartzite series unconformably above it can not now saJely be cor
related with any of the clastic series to the west. It may be that it is 
Upper Huronian or later. 

SOUTHERN NEW BRUNSWICK. 

In southern New Brunswick, while the geology-is exceedingly com
plicated, and the later conclusions of the official geologists differ funda
mentally from those earlier held, it is plain that there exists here a pre
Cambrian clastic series of great thickness. The wholly crystalline gran
ites, gneisses, etc., at the base, in their general lithological description, 
resemble the Archean of the West, but from present evidence it is im
possible to decide whether these are subsequent intrusives, the prod
uct of complete metamorphism of the clastic series, or are a basement 
complex. The geologists who have described the region clearly main
tain that this series is more ancient than the oldest associated clastics, 
although the relations strongly sugge~t the possibility of an eruptive 
contact between the latter and the granites and gneisses. The older 
series of clastics, called the Upper Laurentian, does not have a great 
thickness, consists of quartzites, slates, and crystalline limestone in
terstratified with argillites, slate-conglomerates, and gneisses. This 
series in its lithological character is like the original Upper Lauren
tian. Above it, conforming with this series and the granites and 
gneisses, is the Cold brook series, which is very largely composed of sur
face volcanic flows and clastics. Above this are the Coastal and King
ston series, which are whollyunmetamorphosed clastic rocks, associated 
with contemporaneous eruptives. Between the two is something of an 
unconformity, but it is not thought by the New Brunswick geologists 
to have marked a considerable epoch of time. The two upper series can 
not certainly be correlated with series in other parts of Canada and 
about lake Superior, but not improbably they belong above the horizon 
of the Lower Huronian, being perhaps equivalent to the Upper Huro
nian or Keweenawan, or with the erosion intervals which separate these 
series. 

NOVA SCOTIA AND CAPE BRETON. 

In Cape Breton the relations between the basal complex and the 
George river limestone series are identical with those between the basal 
complex and the so-called Upper Laurentian of southern New Brunswick; 
i.e., there is here a clastic series and a granitoid gneiss series in which 
it is impossible to say definitely whether the relations are those caused 
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by an eruptive contact or whether the crystalline complex is older than 
the clastic series, tlw latter being deposited upon it. 

In Nova Scotia the great gold-beariug series of the Atlantic coast, of 
unknown thickness, mapped by the Canadian Survey as Cambrian, 
may be pre-Cambrian as terms are here used. It contains the evidence 
of life in Eophyton, but this does not forbid regarding it as Algonkian 
in our sense of the term. The series may be as high as the Cambrian, 
or it may be the equivalent of one or more of the pre-Cambrian series. 
In this region the relations of the granites and gneisses to the gold
bearing slates are such as to demonstrate with a reasonable degree of 
probability that the granites are intr:usive, although they have been 
regarded by certain writers as metamorphic.. This fact suggests that 
a part of the granite of the fundamental complex of southern N e:w 
Brunswick and Cape Breton may also be a later eruptive, but even if 
this were the case it would not demonstrate the absence of an earlier 
granite-gneiss series. 

NEWFOUNDLAND. 

In Newfoundland is a clear case of a great series of rocks of perhaps 
10,000 feet tllick, referred to tl1e lluroniau by Murray, which is a part 
of the Algonkian. Here is found the Olenellus fauna in the basal Cam
brian rocks, and these arc separated by au unconformity from the under
lying clastic series, in which, however, has been discovered two or three 
fossils of a low type. What the relations of this lower slate sedes are 
to the crystalline granite-gneiss which has been referred to the Lau
rentian is uncertain. No evidence is available showing that lower 
than this slate series are any clastics. Certain of the granites of the 
island of Newfoundland are intrusives of later age than the slates, some 
of them being as recent as Carboniferous; so that it is not impossible 
that many of the granites, syenites, and porphyries referred to the Lau
rentian may be of far later age. 

THE BLACK HILLS. 

In the Black hills is a great series of slates, quartzites, quartzose 
conglomerates, mica-schists, and mica-gneisses of unknown, although 
probably of great, thickness. These are cut both by intrusive granites 
and basic rocks of Algonkian age and by eruptives of later time. All 
of the clastic rocks are more or less metamorphosed by the contact and 
dynamic action to which they have been subjected, and adjacent to the 
great batholites of granite they have become thoroughly crysta1linc. 
In degree of folding, crystalline character, and mineral composition 
they resemble the Lower Huronian of the lake Superior region nearer 
than any other series. They are separated fl·om the Potsdam sand
stone by a very great unconformity, that formation resting upon them 
in a wholly unfolded condition, while the prominent secondary struc
tures of the underlying series are nearly vertical and the bedding is in 
a series of sharp folds. No pre-Algonkian rocks are here known. 
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:MHlSOURI. 

The Algonkian clastics of MissDuri are a group of isles surrounded 
by Paleozoics. They consist of limestones, slates, iron ores, and con
glomerates, the most of the debris of which is from porphyries and are 
interbedded with suxface quartz-porphyry flows, which make up the 
greater part of tlle Yolume of the series. There are here also gnwites, 
which are probably of the same age. If this is the case no rocks older 
than the Algonkian are here known. The series shows conclusive evi
dence of vast denudation before the horizontal Cambrian was deposited 
upon it. The lithological character of the series is intermediate be
tween the Upper Huronian and Keweenawan of the lake Superior 
region, and it may stand as the equivalent of one or the other of these, 
or in an intermediate position. 

TEXAS. 

In Texas the Algonkian is represented by the Llano series of Wal
cott or the Texian series of Comstock and by the Fernandian of Com
stock. The first series consists of gently folded shales, sandstones, 
limestones, and schists with ferruginous beds, and is cut by both basic 
and acid eruptives. It is for the most part very little metamorphosed, 
and is said to repose unconformably upon the Fernandian. The Fer
nandian series consists of quartzites, ferruginous rocks, carbonaceous 
schists, chloritic slates and shales, calcareous rocks, and other acidic 
and basic schists. It is now a rather crystalline series, but it is clearly, 
in part at least, of clastic origin. The series is cut by numerous erup
tives, both basic and acidic, of which granite is the most prominent. As 
to the relations of the clastic series to the Burnetian (Archean), they 
are believed by Comstock to be unconformably above it. They are 
separated by a great unconformity from the Cambrian san€lston~. 

Comstock correlates the Texian with the entire Grand canyon clastic 
section, which, if true, and the above supposed relations correct, make 
the Fernandian rather low Algonkian. 

MEDICINE BOW RANGE. 

In the Medicine Bow mountains, the clastic series of Medicine ancll\fill 
peaks, consisting of slates, cherts, siliceous limestones, quartzites, and 
conglomerates, all of considerable thickness, appear to be conformable 
with the more crystalline granite-gneiss complex. The only evideuce 
that there is a break between the two is the presence of granite and 
gneiss fragments in tho lower parts of the clastic series. In degree of 
crystallization and lith{)logical character this Algonkian series is like 
the Lower Huronian of the lake Superior country. 

SODTIIWESTEHN MONTANA. 

In southwestern l\fontana the Algonkian is probably represented by 
two series. The upper series consists of 12,000 or 15,000 feet of unal-
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tcrcd strat.1, mostly shales. The lower consists of completely crystal
line regularly bedded gneisses, q nartz-schists, quartzites, chlorite schists 
and mica-sehist~. The upper series, the topmost of the Algonkian, is 
separated from the Archean by a great unconformity. The relations 
of the lower series of the Algonkian to the basal complex are unknown, 
but it is known to lie unconformably below the Cambrian. Also the two 
Algonkian series are not found in contact, but that there are two series 
is indimtted by the facts that one of them is conformably below the 
Cambrian while the other is not, and the first is nearly unaltered while 
the second is crystalline. There is no sufficient information upon which 
to correlate either of the Algonkian series with the region about lake 
Superior. The affinities of the Upper Algonkian are rather with prob
able Algonkian series to the west yet to be considered. 

THE UINTA MOUNTAINS. 

An ancient clastic series in the Uinta mountains covers an area of 
several thousand square miles. This series, 12,500 feet in thickness, is 
one of red quartzites and sandstones, interstratined with layers of slate 
alHl ferruginous shale. It rests upon the upturned, tnmcated edges 
of a thoroughly crystalline complex which is prob~tbly the equiva
lellt of the Arebean of other regions. It is unconformably below the 
Carboniferous. There is, then, no definite evidence upon which this 
series can be referred to the Algonkian. It, however, in litlwlogieal 
character, absence of fossils, and position, is more nearly analogous 
with the quartzite series of the Upper Huronian than any other to the 
east, but the distance which separates it from the Upper Huronian is 
so great as to render correlation on this ground very unsafe. The series 
may, with more probability, be regarded as the equivalent of the slates 
of southwestern Montana and the probable Upper Algonkian of the 
Wasatch to be considered. Also it is possible that it may not be Algon
kian at all, but Uambrian or Silurian. 

TilE WASATCH MOUNTAINS. 

In the Wasatch mountains the Algonkian is probably represented 
hy one series, and perhaps by two. The supposed Upper Algm1kiau is 
a series of quartzites, sandstones, and micaceous shales and mica-sehists 
12,000 teet in thiekness. It is l>ossible that below this series, i-~eparated 
by an nnconformity, is another more ancient aurlcrystallille seri0s whi<'h 
belmtgr-; \Yith the Algonkian, represented by the small area of qna.itz
jtes and qmtrtz-schists at the foot of the Cottonwood canyons. 'rlle 
Upper A lgonldan is sep::trated by a great unconformity from tlteA r(•ltean. 
Its relations to the supposed older series of clastics iu the lower Cotton
wood are not made out, but it rests conformably under tlte OlenPllus 
Cambrian, and therefore if not Cambrian is uppermost Algonldrrn. ~rltis 

series occupies the same position as the series of slates in south western 
Montana, and the two, as has been said, are perhaps the equivalent of 
the Uinta series. 
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PROMONTORY RIDGE, ANTELOrE AND FREMONT ISLANDS. 

In this range are a series of mica-schists, quartzites, argillites, which 
are occasionally calcareous, rocks which are probably clastic and there
fore represent the Algonkian. The relations of this series to the Ar
chean complex are not known. At Promontory point it rests uncon
fol'lnably under the Weber. The rocks on Antelope and Fremollt isl
ands are regarded as of the same age because of their likeness to the 
Promontory point rocks and they are believed to be pre-Ca.mbrian 
because no Cambrian or post-Cambrian rocks in this region are more 
than indurated. 

THE AQUI MOUNTAINS. 

In the Aqui mountains the probable Algonkian consists of a series 
of quartzites 6,000 feet thick containing beds of conglomerate with 
argillaceous schists and imperfect mica-schists. This series rests upon 
the granite, which is presumably a part of the basal complex. It is 
conformably below the basal Cambrian, stands as Upper Algonkian, 
and may be correlated with the Wasatch Algonkian. 

SCHELL CREEK, EGAN, POGONIP OR WHITE PINE, AND PINON RANGES. 

In the Schell creek range the probable Algonkian is represented by 
heavy bodies of quartzite. In the Egan range the probable Algonkian 
is represented by a series of thoroughly vitrified quartzites several 
thousand feet thick, containing quartzitic and micaceous schists. In 
the Pogonip range it is represented by micaceous, arenaceous, and 
argillaceous slates and shales and by vitreous quartzite, the series be_ 
ing of undetermined thickness. In the Pinon range it is represented 
by quartzites underlain by mica-schists and quartzitic schists having 
a total.thickness of 5,000 feet. In all of these ranges these series rest 
unconforma.bly upon the Archean and are conformably under basal 
Cambrian. They therefore are probably Upper Algonkian and stand 
as the equivalent of the Wasatch Algonkian. 

FRONT RANGE Ol!' COLORADO. 

In the district of Ralston, Coal, Boulder, and Thompson creeks of 
the Front range of Colorado the Algonkian is represented by quartz
ites, quartz-schists, mica-schists, and schist-conglomerates, the thick
ness of the series being unknown, but certainly more than 1,000 feet. 
The series has become very nearly crystalline. Its structural relations 
to the basa,l complex are not surely known. It appears to grade clown
ward into these rocks, but this may be merely ·a superinduced conform
ity. The series of schistose rocks in the Front range, referred by 
King to the Huronian and estimated at 25,000 feet thick, probably 
belong in large part to the fundamental complex. 
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TilE QUARTZITE MOUNTAINS •. 

In the Quartzite mountains the Algonkian is represented by_ a series 
of quartzites, iuterstratified with sla,tes several thousand feet thick. 
The Heries had suffered powerful dynamic acti<m, being turned on eu<l 
and deeply truncated before Carboniferous time. The relations of this 
series to the Archean are not certainly known, but all the evidence 
points toward the conclusion that the Algonkian is of later age and 
that between it and the Archean is a great unconformity. 

GRAND CANYON OF THE COLORADO. 

The Algonkian in the Grand canyon region is represented by three 
series, the Chuar, the Grand canyon, and the Vishnu. The Chuar 
series consists of shales and limestones, over 5,000 feet thick. It con
tains a fauna of a pre-Cambrian type, including at least five distinct 
forms. The Grand canyon series is of sandstones, with basic lava flows 
in its upper part, and is nearly 7,000 feet thick. The Vishnu series con-. 
sists of bedded quartzites and schists, cut by intrusive granite, and is 
known to be at least 1,000 feet thick, but how much thicker has not 
been determined, as it has not been measured to its base. The Chuar 
rests upon the Grand canyon and between the two is a minor uncon
formity. The Grand canyon rests upon the Vishnu and between the 
two is another unconformity. The Chuar and Grand canyon sediments 
are wholly unmetamorphosed, while the Vishnu sediments are indurated 
quartzites and semicrystalline schists. Between these series as a whole 
and the underlying Archean complex is a very great unconformity. 
Between the Chuar and the Tonto sandstone (Upper Cambrian) there 
is another unconformity sufficient to have caused the cutting across of 
at least 10,000 feet of the flexed beds of the Grand canyon and Chuar 
series. In this region is the fullest known succession of Algonkian 
rocks in the United States, with the exception of the lake Superior re
gion. The statement would not be warranted that the series here found 
stand as the equivalent of like series in the latter region, but there is 
a remarkable lithological likeness both in the detrital and eruptive ma
terial of the Chuar and Grand canyon to the Keweenawan. Also these 
series occupy a position of unconformity below the Upper Cambrian, as 
does . the Keweenawan, .and is separated by an unconformity from a 
series of quartzites and quartz-schists which are analogous to the 
Huronian. This latter, Vishnu series, is not well known, so that it is 
unsafe to assert whether it is nearer like the Lower or the Upper 
Huronian of the lake Superior region. 

BRITISH COLUMBIA. 

The recent work of Dawson appears to show that in British Colum
bia there is a widespread series of Algonkian of great thickness. It 
consists of argillites, argillite-schists, quartzites, conglomera,tes, and 
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limestones. Between this series and the Archean there is evidence of 
a great physical break, although the two are in apparent conformity. 
The series in one section rests conformably below the Olencllus Cam
brian and the whole is regarded by Dawson as Cambrian, but as terms 
are used in this paper it is probably in part or in whole Upper Algon
kian. By Dawson the series is compared with the Wasatch Algonkian 
and the Chuar and Grand canyon series. 

THE ADIRONDACKS. 

In the Adirondacks is a core of gabbro about which in a peripheral 
manner is a great series of regularly bedded gneisses, quartz-schists, 
and crystalline limestones which are often ferruginous or graphitic. At 
times in the gneissic series are beds of graphitic schist of sufficient 
richness to serve as graphite mines. While the interior structure of 
the rocks of this series now shows no positive clastic characteristics, 
the limestones, graphitic schists, and regularity of what appears to be 
bedding in the gneisses leave but little doubt that the series was orig
inally clastic and belongs with the Algonkian. The studies of Walcott 
render it probable that there is here also a basal complex, and along the 
contact lines of the series Walcott has discovered evidence of an uncon
formity. This Algonkian is so remarkably like the not far distant 
original Upper Laurentian in the neighborhood of Ottawa that one 
can not doubt that the two are or once were continuous. 

OTHER ALGONKIAN AREAS. 

Besides the foregoing list of areas in which it is certain; or nearly 
certain, that there are Algonkian rocks, the indefinite knowledge 
available of many other districts indicates the presence of series which 
probably fall within this period. In much of the work in the West the 
pre-Cambrian rocks are treated as a unit, being spoken of as the 
metamorphic group, absolutely no attempt being made to treat them 
upon a structural basis. This was natural in pioneer work, but the 
fact that so many extensive areas of pre-Cambrian clastics have been 
discovered in districts where closer work has been done, suggests that 
in the future there will be discovered many new series of pre-Cambrian 
clastics. The most extensive areas which will be found to swell this 
system will doubtless be found in the vast stretches of pre-Cambrian 
rocks of Canada, but similar series may be found in central New Bruns
wick, in Gaspe peninsula, in the Wind river and Teton ranges of Wyo
ming, in a number of the desert ranges of Utah and Nevada, in South
ern California, and in the Appalachians. In this last and most difficult 
region, the recent work of Prof. Pumpelly's corps appears to indicate 
that a subdivision of the pre-Cambrian will be accomplished in Ver
mont, and it is rather probable that in the southern Appalachians are 
areas of pre-Cambrian clastics. 
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SUBDIVISIONS OF ALGONKIAN. 

The foregoing review of the occurrences of pre-Cambrian clastic 
rocks makes apparent the propriety of introducing the term Agnoto
zoic or Proterozoic to cover the series between the Paleozoic and 
Archean. The desirability of dividing the group into several syswms 
is also apparent, but it is equally apparent that our limitations of 
knowledge at the present time make it impossible to do this for the 
whole of North America, hence, as with Archean, it is unavoidable 
that a single system term shall be used for the Proterozoic group, and 
as already explained, Algonkian is given this place. However, the 
major subdivisions of this Algonkian syt;tem, in volume of rocks and 
time duration, are equivalent to th' systems of the Paleozoic. For in
stance, the Keweenawan, Upper Huronian, and Lower Huronian series 
of lake Superior are each of them parallel in volume to the Carbonifer
ous, Devonian, Sihuian, or Cambrian. The same may be said of the 
Grand Ca11yon and Chuar series. If in the future it shall be possible to 
subdivide the Agnotozoic or Proterozoic group on a systematic univer
sal basis, as the Paleozoic is subdivided, the term Algonkian must be 
replaced by Wasatchian, Keweenawan, Upper Huronian, Lower Hu
ronian, etc. 

COMPARISON WITH OTHER CLASSIFICATIONS. 

The major classification proposed in this paper differs in some 
respects from any previously given, although it accords closely with 
that advocated l)y Irving, and does not differ radically from that 
proposed by Selwyn in 1879, but afterwards abandoned. Irving did 
not recognize that within the formations called Huronian there is a 
structural break, which properly divides them into two series, Upper· 
and Lower Huronian, although he realized that unconformably below 
rocks which he denominated Huronian are clastics, which were sup
posed to be inseparable from the Laurentian. As a consequence of 
this and oftbe failure to appreciate that in this lower series, as well as 
in the Upper Huronian, there are abundant evidences of life, he ex
cluded from the Agnotozoic a part of this Lower Huronian, placing 
it with the clastics of the original Laurentian. In the lake Superior 
Lower Huronian there are carbonaceous and graphitic schists and 
beds of iron carbonate. In the original (Middle) Laurentian of the 
East there are great beds of limestone, regularly bedded gneisses, 
quartzites, quartz-conglomerates, graphitic schists, and also very 
graphitic limestones. While the evidence of life is not quite so con
clusive as with the Upper Huronian, it is so strong that one who 
believes in its existence in the latter series can hardly doubt its exist
ence in the Lower Huronian of lake Superior and the Laurentian of 
t1w East, altlwugh no fossils universally recognized as suc11, nor any 
hydrocarbons have been discovered. The reasons for the introduction 
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of the term Agnotozoic to cover the Keweenaw, an Upper Huronian 
and equivaleilt Reries as clearly demand that it shall also cover other 
pre-Cambrian clastic series. Once started on the down ward way to
ward the fundamental complex there is no plane at which to stop until 
this is reached. 

This places the boundary between the Proterozoic and Archean at 
the plane placed by Selwyn between the Laurentian and Huronian. In 
the regions in which Selwyn and most other Canadian geologists have 
studied, they in general find no unconformity between the Hurouian 
and Laurentian. It has been seen that similar apparm1tly conformable 
relations and gradations obtain in various areas in the United States. 
However, in many cases, as has been seen, there are easily discover
able structural breaks between the Proterozoic and Archean. 

As to the positions of Whitney and Wadsworth alld Hunt, my con
clusions. are so radically different that little need be. said. The reaso11s 
for the conclusions reached have appeared in the summary of the litera
ture and in this discussion. To attempt to disprove the positions of 
these authors would be merely to repeat the arguments already pre
sented. It may, however, be remarked that both of tlwse positions can 
not be correct, and recently "\Vadsworth has found evidence which has 
led him to change eutirely his views from those expressed in the" Azoic 
System." One maintained the absolute indivisibility and complete 
lack of life in all pre-Potsdam rocks, \Yhile the other maintained an 
invariable aqueous succession of pre-Cambrian rocks, consisting of 
seven different series, separated by mteonformities. The position here 
taken is in some degree intermediate, that is to say, there is abundant 
evidence of various pre-Potsdam clastic series which bear the evidence 
of life, but no reason in the facts of occurrence nor in the i)rinciples of 
geology which indicates for all reg·ions an invariable succession. It is 
not wor·th while to discuss whether in 1884, the time when Whitney 
and Wads worth's account of the Azoic rocks appeared, evidence \Vas 
available .which would prove the divisibility of the pre-Potsdam rocks. 
If any one desires to answer this question for himself he will consider 
only that part of the literature which was extant prior to this time. 
This comparison will show that within the last decade has appeared a 
volume of evidence upon the existence of pre-Potsdam life and upon the 
divisibility of the pre-Cambrian rocks which far surpasses that obtained 
before .. At the present time the evidence in favor of these positions is 
simply overwhelming.· With the discouraging view taken by Whitney 
and Wadsworth as to the state of pre-Ca.mhrian geology, I have had 
no sympathy. They said that the cllances of "having at some future 
time a clear understanding of the geological structure of northeastern 
North America would be decidedly improved if all that has been writ
ten about it were at once struck out of existence." Crude methods 
have frequently led to crude results, but often even in unsatisfactory 
reports are contained facts which serve as clews to later workers. Fur· 
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ther, much that was written before the present decade is as good work 
in proportion to the light 1lt hand-the only proper method of compar
ison-as a11y since. The only way to get well on a road or to a goal is 
to start. Also it must be insisted, in opposition to Whitney and Wads
worth, that stratigraphy and classification are possible without paleon
tology. Both of these preceded this branch of geological science, and 
paleontology is useful only as it is guided by stratigraphy. Forgetting 
this, fossil evidence has frequently been misused. In dealing with the 
pre-Cambrian rocks we are exactly in the position that geologists are 
among the post-Cambrian rocks where fossil evidence is laeking. Each 
district must be studied stratigraphically by its formations and discord
ances. The lack of fossils is most keenly felt in conelation. However, 
the protests of Whitney and Wadsworth against many of the subdi
visions of the pre-Cambrian and the principles upon which they were 
made are well founded. 

As to the supposed invariable aqueous succession of Hunt, the writer 
can only say that so far as he is familiar with North America he knows 
of no region in which this succession does occur in its fullness; while 
every complex region with which he is familiar contradicts it at one or 
more fundamental points. As one illustration among many which might 
be mentioned, the Labradorian, supposed to be a part of the invariable 
succession, is demonstrated beyond all question to be an eruptive rock. 
Large areas of this rock are associated with or underlie the earliest 
pre-Cambrian and it also occurs in the form of great :flows in series as 
late as the Keweenawan. The whole scheme is one which is highly 
theoretical and seems to have been evoked by laboratory study rather 
than from a consideration of the actual rock successions within the 
pre-Cambrian in the field. The chance that a scheme evolved in this 
manner should accord with the facts of the world is indefinitely small. 

PRINCIPLES APPLICABLE TO ALGONKIAN STRATIGRAPHY. 

The clearest discussion of the principles which, from the writer's 
point of view, are most applicable to the classification, correlation, and 
mapping of the pre-Cambrian rocks are the structural and lithological 
principles enunciated by Irving, Pumpelly, and Dale. Accepting these 
in the main, a few supplementary remarks may be made. 

In the stratigraphical work of the p·ast_, methods have oftentimes 
been defective. Instead of giving close lithological descriptions of a 
series of rocks, noting carefully the relations of the different strata, in 
case they are found to have strata, to each other, and giving a detailed 
account of the relations which actually obtain between -the series con
sidered and surrounding series, writers have too often called the rocks 
of regions far distant from the original localities to which the terms 
have been applied Laurentian, Huronian, etc. Sometimes this is done 
on the ground tbat a ser·ies as a whole has a certain color, which has 
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hecn thought to be characteristic of the period. At other times the 
abundance of volcanic material has been the reaRon for the reference. 
Again, quartzites from the Appalachians to the Black hills have been 
correlated on no other ground than lithological likeness, as though 
thick sandstone formations which subsequently have been cemented to 
quartzites have been produced but once in the history of tho world. 
To some geologists the degree of crystallization has been the control
ling fact. In other cases the occurrence of some mineral or associa
tion of minerals has been the ground upon which the reference of the 
containing formation is made to some Sl)ecific period. This l1as gone 
so far at times as to lead to the conclusion that a single rare mineral, 
such as chondrodite, is proof of the pre-Cambrian age of the contain
ing formation. 

As a natural result of work of this kind, rocks of a certain lithological 
character or degree of crystallization, or containing certain constituents, 
have been called Arvonian, Huronian, Norian, Laurentian, as the case 
may be, which have afterwards proved to be high in the Paleozoic. 
Other series, which are now known to be pre-Cambrian, have been 
called Triassic, because of a prevailing red hue. 

Any of the above characteristics may be a valuable guide in a given 
district, or with qualifying and guiding facts of a different character 
in a region; but it is their use in an indiscriminate manner on the 
assumption that rocks of a given time are everywhere alike that is pro
teHted against. When it h; everywhere recognized that, considering 
the continent as a whole, age is no guide to the chemical or mineral 
composition, texture, color, degree of crystallization, or any other prop
erty of a formation, or vice versa, we shall be on the way to use the 
properties of rocks in districts and regions as guides to age. For the 
most paTt this principle has been recognized, if not practically, at least 
theoretically; but at one point this is less true than with the others. 
Degree of crystallization, because often so useful in a district, has been 
used by many as a general guide in correlation, although the elder 
Hitchcock, Rogers, Adams, and others gave early warning against 
such practices. It can not be too strongly insisted upon that contact 
action of great masses of eruptive rocks and dynamic action accom
panying this, OT dynamic action without accompanying volcanic activ
ity, are prime and perhaps the chief causes in the majority of cases of 
the production of crystallization, not age and depth of burying, although 
these may be contributory causes and at times the predominant ones. 
A stratum which is strongly conglomeratic at the axis of a fold, within 
a short distance upon the legs may have become so completely crystal
line as to obliterate every trace of original fragmental character, 
because of the movement of the particles over each other, as for instance, 
in the Cambrian at Hoosac mountain. In strong contrast to this may 
be mentioned the occurrence of quartzites in the lower part of the 
Upper Huronian of lal~e Superior, which show no evidence whatever 
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of dynamic action, the particles of quartz not even being arranged with 
their longer axes in the same direction, and the induration being wholly 
due to the process of renewed growth and cementation. Yet this and 
the adjacent rocks have been buried under the e11tire thickness of the 
Upper Huronian and the Keweenawan series many thousands of feet 
and subjected to a pressure beyond the crushing strength of any rock, 
a condition in which they must have been latently plastic. Rocks as 
late as Devonian in the Appalachians have become so completely crys
talline that not one vestige of the odginal fragmental material remains. 
Contrasting with this occurrence are the Chuar, Grand Canyon, and 
Keweenaw series, all wholly unaltered, yet pre-Cambrian. 

No one would think of maintaining that in post-Cambrian time a rock 
of a certain composition is of a definite age; neither would any one 
think of referring a rock to the Devonian, Silurian, or Cambrian upon 
the degree of its crystallization. To suppose that the plane of the basal 
Cambrian is a magic one, below which new conditions of sedimentation 
prevailed and an entirely different set of principles apply in stratig
raphy, is to assume a revolution in the conditions of the world at this 
time for which there is not one particle of warrant. Those who believe 
in evolution must believe that for eras of time before the Cambrian 
there were cycles of deposition of the various classes of sedimentary 
rocks and the slow evolution of life to the high degree of perfection 
and the great variety of types including all important branches except 
the vertebrates found in the Olenellus fauna. 

It may be said that the foregoing applies equally well to the separa
tion of the Algonkian and Archean. Revolutionary methods can not 
be applied here more than elsewhere. To this it can only be said that 
tllis plane is the most remote and difficult to define of any. It may be 
that it is wrongly defined. Without question it will in the future be 
much more accurately defined. Rocks now placed in the Archean will 
be found to be Algonkian, just as series are being found to be Cam
brian, Silurian, or Devonian in the Appalachians which have commonly 
been regarded as Huronian or Laurentian. While the distinctions 
made ma.y not be complete, they are based upon the knowledge availa
ble, are not dogmatic, and do not, it appears to the writer, contradict 
the laws of geology. The law of uniformity, if rightly understood, does 
not imply that the causes now at work have always had the same rela
tive value. When the laws of geologic forces are fully comprehended, 
it will be found that each is not absolutely uniform in power, but that 
each involves variables. These variables may be so small that the 
cumulative change in the effect in any case may not be discoverable in 
an epoch or even in a period; but that the amount of this effect per
ceptibly changed in eras, can not be doubted. A stm1dard clock if 
observed for a day may seem to run with an invariable and correct 
rate, but if observed long enough it is found to lose or gain, and this 
not regularly. The law of its variation may finally be partly ascer-

Bull. 86-33 
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tained, but usually it is too complex to be fn1ly covered by a formula. 
Just so each geological force when more accurately known will be found 
to involve an irregular rate of change. The increment in an. individual 
case for a certain length of time may be added or substracted, but it is 
not probable in any case that the addition or substraction will fully 
cover the real law, although this may be a second approximation to the 
truth as the so-called law of uniformity was a first approximation. If 
we go far enough back a geological force may have been multiplied or 
divided by two or three or a larger number. Igneous rocks are now a 
far less abundant geological product than are sedimentary rocks. 
That these relations are true for all past time can no more be assumed 
than it can that organic and mechanical sediments have the same 
relative volume for the pre-Cambrian that they have for the Creta
ceous or 'rertiary. If the generally accepted hypothesis as to the origin 
of the globe represents the facts, in all probability rocks of igneous 
origin must become relatively more important in very ancient times. 
If we but go back far enough they may become predominant; and in 
still earlier time for continental areas they may be the only rocks. 

The problem then of the stratigraphy of the pre-Cambrian clastics is 
a problem to be treated precisely as that of the Paleozoic. It is, upon 
the whole, a more difficult problem; for, while in any particular locality 
it can not be premised from the degree of crystallization that the rocks 
are pre-Cambrian or post-Cambrian; taking the world as a whole, the 
rocks become more crystalline in passing to lower series; so that it 
is to be expected and is the fact that a greater proportion of pre-Cam
brian rocks than of the Paleozoic are highly crystalline. This, how
ever, IS not the most serious difficulty with which pre-Cambrian strati
graphy has to contend; it is the sparseness of the remains of life in 
definitely recognizable forms. It has been seen that a beginning of a 
pre-Cambrian fauna has already been found, and when it is remembered 
how rapidly definite paleontological knowledge has extended down
ward in the past decade it may be reasonably hoped that before long 
assistance will be derived from paleontology in the classification of the 
pre-Cambrian rocks, but it can not be expected that fossils wHl ever be 
so important and controlling a guide as in the post-Cambrian; -for 
probably the farther we go back from the Cambrian the sparser and 
sparser will the recognizable life-remains become. 

As a result of the average greater crystalline character of the pre
Cambrian rocks, and the frequency in them of secondary structures, 
the principles of working out stratigraphy in regions in which cleav
age foliation occurs with partial or total obliteration of stratification 
are of the utmost importance. The failure to clearly recognize and 
apply these principles has left the crystalline Cambrian an'd post
Cambrian series of the Appalachians in a state of confusion for many 
years. Within the last decade, by a recognition and a close applica· 
tion of them a new start has been made in the study of this difficult 
region. 
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That it will not do to regard slaty cleavage or foliation as bedding 
has long been recognized, although it has often occurred that in re
gions in which this has been distinctly stated it has also been said that 
bedding and cleavage do correspond without any evidence of such cor
respondence being given. If tangential thrus~ be assumed as the canse 
of foliation, unless the resultant folding be close, bedding and cleavage 
will usually not correspond for any considerable area; for cleavage and 
foliation have a tendency to develop transverse to the lines of pressure, 
while bedding is initially in the lines of pressure. In the closeiy folded 
series in which it may be said that resultant foliation and sedimentation 
correspond throughout, the use of the term bedding ought to be dropped, 
as there is no longer a basis upon which to estimate thickness, because 
in this case there must have been such an amount of movement of the • 
particles within the beds over each other as to render it doubtful if 
bedding does still exist. 

By the foregoing it is not meant to imply that the foliation of thor
oughly crystalline rocks may not widely correspond with bedding, but 
only that this is not usually the case when tangential thrust is the cause 
of the foliation. However, Smyth (H. L.) has discovered when there is 
an alternation of beds of different degrees of massiveness that these 
often control the movements of accommodation during the folding of 
the series, and that the slipping of the particles over each other par
allel to the bedding develops schistose structure along the same 
planes. It is not impossible that deeply buried beds may become 
thoroughly crystalline, with foliation and bedding parallel when super
incumbent pressure and metasomatic changes are the predominant 
forces. .A. sufficient degree of heat for recrystallization may be engen
dered by very deep burying or by laccolitic intrusions. In such cases 
the structure of the recrystallized rock will naturally conform to the 
bedding, and it is probable that differences in the original characters 
of the layers will be preserved in the metamorphosed rock. .A. mica
schist or gneiss thus derived from a shale or an arkose, now showing 
in its interior structure no evidence of clastic character, might be 
underlain by a quartzite which was produced by the cementation 
of a quartzose sandstone. The quartzite at the present time would 
reveal its detrital origin, while the mica-schist or gneiss might not. 
Some such explanation seems to fit the thick beds of mica-scl1ist 
(the structures of which unmistakably correspond with beddiug) 
which overlie the quartzites of the Penokee series of Michigan and 
Wisconsin. A crystalline series of the origin suggested, which subse
quently reached the surface by denudation, might be folded, but not 
sufficiently to produce a new secondary structure, when the different 
bands of different characters would truly represent sedimentary beds. 
Some such explanation seems to fit the gently folded thoroughly crys
talline mica-schists and gneisses of the Blue ridge west of Old fort, 
North Carolina. In the Adirondacks, where the schistose structure 
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and bedding of the Algonkian rocks appear to correspond, the great 
laccolites or batholites of gabbro are probably the chief cause of the 
metamorphism. 

In crystalline series, when but one structure can be found, it is safe 
only to assume that it is foliation. Not only will it not do to use cleavage 
for working out structure, but an actual regular alternation of mineral 
constituents in schistose and gneissoid rocks can not be regarded as any 
evidence of sedimentation. The great series of regularly banded gneisses 
in which alternate zones of nearly pure quartz and feldspar and 
other zones in which the bisilicates are concentrated, if taken as due 
to sedimentation would result in the conclusion that the thickness of 
the beds in which these structures occur is incredibly great. In thor
oughly schistose rocks it is manifest that the best and most reliable 
means upon which to base a conclusion as to strikes and dips is to find 
contacts between thick beds of rocks of a fundamentally different char
acter, as a layer of quartzite, quartz-schist, or mica-schist, with lime
stone, or either of these wi_th gneiss. 

The clearest, briefest, and most comprehensive enunciation of the 
principles applicable to a formation in which are cleavage foliation and 
stratification foliation known to the writer is that of Dale and Pum
pelly (see pp. 768-770), which is here quoted in substa11ce, slight modifi
cations being made to fit the change of setting: 

I. Lamination in schist or limestone may be etther stratification foliation or cleav
age foliation, or both, or sometimes "false bedding." To establish conformability 
the conformability of the stratification foliations must be shown. 

II. Stratification foliation is indicated by: (a) The course of minute but visible 
plications; (b) the course of the microscopic plications; (c) the general course of 
the quartz laminffi whenever they can be clearly distinguished from those which lie 
in the cleavage planes. 

This statement was made with reference to a particular district. It 
is of course wholly possible that some other substance should play the 
same role as quartz. In the application of these criteria it must be 
premised that the parting is not a second or third cleavage. If an 
earlier cleavage existed the criteria might give the direction of this 
first one rather than the bedding, which might have become obliterated 
at the time of the development of the first cleavage. 

III. Cleavage foliation may consist of: (a) Planes produced by or coincident with 
the faulted limbs of the minute plications; (b) planes of fracture, resembling 
joints on a very minute scale, with or without faulting of theplications; (c) a cleav
age approaching slaty cleavage in which the axes of all the particles have assumed 
either the direction of the cleavage or one forming a very acute angle to it, and 
where stratification foliation is no longer visible; (d) a secondary cleavage, resem
bling a minute jointing may occur. 

IV. The degree and direction of the pitch of a fold are indicated by those of the 
axes of the minor plications on its sides. 

V. The strike of the stratification foliation and cleavage foliation often differs in 
the same rock, and are then regarded as indicating a pitching fold. 

VI. Such a corr~pondence exists between the stratification and cleavage foliations 
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of the great folus and those of the minute plicatious that a very small specimen 
properly oriented gives, in many cases, the key to the structure over a large portion 
of the side of a fold. 

It is to be noted that the statement 0f these principles has been in
inspired by a study of formations which have proved to be wholly Cam
briall or post-Cambrian. 

The principles of lithological correlation enunciated by Irving are as 
follows, except that series is here substituted for group and Algonkian 
for Huronian so as to make the terminology correspond with that here 
used: 

Lithological characters are properly used in classification: 
(1) To place adjacent formations in different series, on account of their lithologi

cal dissimilarities when such flissimilarities are plainly the result of great alteration 
in the lower one of the two formations, and are not contradicted by structUI·al evi
dence, or, if used as confirmatory evidence only, when such dissimilarities are the 
resn~ of original depositional conditions. 

(2) 'l'o collect together in a single series adjacent formations because of lithologi
cal similarities when such similarities are used as confirmatory evidence only. 

(3) To correlate series and formations of different parts of a single geological basin 
when such correlations are checked by stratigraphy, and particularly by observa
tions made at numerous points uetween the successions correlated. 

Tlley arc improperly used: 
(1) To place adjacent formations in different series on account of lithological dis

similarities when such dissimilarities are merely the result of differences in original 
depositional conditions, and when such evidence of distinction is not confirmed by 
or is contradicted by structural and paleontological evidence. 

(2) To collect in a single series adjacent formations because of lithological simi
larities 'yhen such similarities are not confirmed uy or are contradicted by other evi
dence. 

(3) To estaulish general correlations uetween the clastic series of different geologi
cal basins, except possi.uly when the gneissic and true crystalline-schist basement 
formation of one region is compared with 1he similar basement formation of another. 

(4) To estau1ish and determine any worltl-wide subdivisions of the noneruptive 
basement crystalliues, i.e., those which underlie the clastic Aeries here called Algon
kian, at least until very much more definite evidence of the existence of such sub
divisions ue gathered than has hitherto been done. 

In applying these principles it must not be forgotten that a bed of 
one character may thin out and disappear; may gradually change from 
a limestone to a shale, from a shale to a sandstone or conglomerate; 
and that sometimes the change may be abrupt, as perhaps upon the 
opposite sides of an axial ridge, one side of which faces toward the 
ocean and the other toward an interior sea. All formations, however 
widespread, terminate somewhere. A single formation of a certain 
lithological character can only be assumed to be the same bed in a dis
trict when it has been demonstrated to be persistent over a wide area. 
'Vhen several characteristic formations occur in a definite order in dif
ferent parts of the same district the probability that they are of iden
tical age is greater than with single beds found to be lithologically alike 
at separate points. 
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The principles applicable to correlation by unconformities are given 
by Irving as follows : 

The structural breaks called unconformities are properly used in classification: 
(1) To mark the boundaries of the rock series of a given region. 
(2) To aid in establishing correlations between the formations of different parts of 

a single geological basin. 
(3) To aid in the establishment of correlations between the series of regions dis

tantly removell from one another; but caution is needed in attempting such correla
tions in proportion as the distances between the regions compared grow greater. 

They are improperly ignored: 
(1) When the eyidence they offer as to separateness is allowed to be overborne by 

anything but the most complete and weighty of paleoutological evidence. 

Irving's discussion leading to these principles shows that oftentimes 
unconformities are the most widespread and important of any of the 
means available to obtain starting planes for comparisons and that they 
have the place of :first importance in making the major subdivisions for 
the origin of the pre-Cambrian clastic rocks. An erosion interval can 
only occur as a result of the raising of a district above the sea, a time 
of degradation, and then a depression below the sea; and if there is a 
true unconformity there must also have been an orographic movement 
and erosion long enough continued to truncate the folds. The erosion 
interval, if extended over a large area, implies a considerable time break; 
while the unconformity, if it is marked, can hardly be less than regional 
in extent. When the newer series is undisturbed, an unconformity is 
one of the easiest of phenomena to detect, but more frequently than not 
among the pre-Cambrian rocks the older and newer series have again 
been folded, and this folding has oftentimes gone so far as to produce 
a cleavage or foliation, which cuts across both older and newer series 
and makes their most prominent structure in absolute conformity. 
Even if this degree of folding has not occurred and the process has not 
gone far enough to produce prominent secondary structures, the discord
ance in angle of inclination is more likely to be overlooked than when 
the series are in an undisturbed condition. 

Since unconformities are so valuable in structural work, it is 'impor
tant that the principles be clearly recognized upon which they may be 
established in disturbed regions. This subject has been discussed at 
length by Irving, and from his paper the substance of much which fol
lows is taken. An unconformity between series implies a difference in 
num her of orographic movements with intervening erosion. This dif~ 
ferertce in number may be one or more than one. Even when the dif
ference of orographic movements to which the series have been subjected 
is but one the time gap between the two must have been very consider
able, audit may have been of vast duration. Consequently discordant 
series may differ in degree of consolidation, in the development of 
cleavfige and foliation, and in their relations to eruptives. At the be
ginning af the depo~ition of the newer series basal conglomerates are 
often formed. 
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Hence, as guiding phenomena in the discovery of unconformities, we 
have (1) ordinary discordance of bedding; (2) difference in the number 
of dynamic movements to which the series have been subjected; (3) dis
cordance of bedding of upper series and foliation of lower; ( 4) relations 
with eruptives; (5) difference in degree of crystallization; (6) basal con
glomerates; (7) general field relations. 

(1) In cases of ordinary discordance of bedding nothing need be said, 
except to state that unconformities should not be inferred from a single 
small contact where the apparent discordance may be due to false bed
ding or to local currents or very local minor disturbances. .Also, the 
discordances caused by faulting may be mistaken for an unconformity 
if care is not taken. The amount of evidence for the unconformity 
should be sufficient to show a real discrepancy of bedding for a consid
erable area. Within a short distance the amount of discordance of 
bedding between two series may vary greatly. Frequently a dynamic 
movement mainly relieves itself along a comparatively narrow zone. 
This zone is one of uplift and consequently of great denudation. The 
adjacent plain may be little folded and not deeply eroded. When a 
new series is deposited upon this older series the former lies approxi
mately parallel to the bedding of the older upon the plain, but along 
the zone of disturbance the first may lie directly athwart the bedding 
of the second. 

(2) Difference in the number of dynamic movements to which the 
series have been subjected is often an important means of determining 
unconformities. In order that an unconformity shall occur the older 
series must have been subjected to at least one more orographic move
ment than the newer. In the most favorable case the older series has 
undergone two or more orographic mQvements while the newer series 
has undergone but a single one. When the lines of these movements 
are in the same direction and result in folding the only difference be
tween the two series consists in steepness of inclinations; but in case 
the earlier movements were in a different direction from the last the 
older series will show a compound series of folds due to the resultant 
effect of the two or more movements, while the newer series will be 
simply folded. .As a matter of course, in this discrimination, bedding 
must be used rather than foliation. Oftentimes it will happen that the 
latest movement has produced a prominent cleavage or foliation which 
is common to both older and newer series; and under these circum
stances the real discordance which may exist between the two series is 
particularly apt to be overlooked, and a district will be described as 
hrwing a simple monoclinal structure, or one in which the series is re
produced by faulting, when evidence is at hand for two or more dis-
cordant series. · 

The orographic movements, instead of producing folding, may cause 
jointing or faulting, these results, as suggested by Willis, being per
haps due to insufficient load. These phenomena are, however, ser-
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vict'ahle in discovering an unconformity, for the sets of faults or joints 
produced. in the older series before the newer series was formed are not 
fouu<l in the latter. When there have been later orographic movements 
which have produced faults or joints in both series the unconformity 
will he shown by the presence in the older series of two sets of joints 
or f~1 ults in different directions, provided the directions of thrust were 
difterent, while the newer series will be affected by joints or faults only 
in a single direction. If the jointing or faulting is in the same direc
tion in both the newer and older movements they will not be of much 
service in detecting an unconformity, the only difference being their 
greater frequency in the older series. 

vVhen one of the orographic movements has resulted in folding and 
tLe other in faulting or jointing, tLe combination of phenomena are as 
easily used to detect an unconformity as when effects of the same kill(1 
are produced by both movements. 

(3) Discordance of the bedding of an unfoliated serie~ with the 
cleavage or foliation of an adjacent series may be ta.ken as evi
dence of unconformity, if the former is such that it would take on 
cleavage or foliation as readily as the latter; for whatever the origin 
of the altered series the development of cleavage or foliation, which 
must have developed before the new series was deposited, reqhlred 
much time. An unconformity could not be inferred from the fact 
that a heavy formation of quartzite or of limestone cuts across the 
cleavage or foliation of an argillite or mica-schist, for clayey rocks 
very much more readily take on secondary structures. In the same 
series it often happens that more massive beds escape foliation, which 
may be pl'ominently developed in other members. But if a forma
tion with slaty or schistose struc~ure is overlain by another forma
tion without secondary structure which from its composition is as 
likely to take on foliation as the underlying formation, a discordance, 
while not demonstrated, is a probability for which other evidence 
should be sought. 

(4) Eruptive rocks are often an important guide in determining 
structural discordances. These are valuable when the older series 
has passed through an epoch of eruptive activity before the newer 
series was deposited. In such cases bosses, contemporaneous or in
trusive beds, volcanic fragmental material or dikes may occur in the 
older series, which nowhere are associated with the newer. It is pos
sible, of course, that eruptives may penetrate the inferior members 
of a series and never reach the higher formations; but if it is found 
that the supposed inferior series is associated with abundant material 
of igneous origin which never passes beyond a certain plane, it is al
most demonstrative evidence of the later age of the newer series. A 
notable instance of this is found in the Doe river section of eastern 
Tennessee, where the granitic rocks supposed to be older than the as
sociated chtstics are cut by very numerous schistose dikes which never 
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intrude the latter. It migl1t be reasonably inferred, if it were not for 
these dikes, that the granitic rock is an eruptive later than the clas
tics (although the absence of conta('t phenomena would be against this), 
but as the basic dikes are unquestiomtbly intrusives of later age than 
the granites, and yet never cut tl10 slates, this explanation can not 
possilJly apply. Evidence of this kind is particularly decisive if the 
dikes are traced up to the plane of contact and have been found to be 
eroded or disintegrated, as is the case in the Stamford dike at Clarks
burg mountain, Massachusetts, described by Pumpelly, which en
abled this author to determine positively what had b(3en believed be
fore, that the granitoid gneiss is unconformably under the Cambrian 
quartzite. 

(5) Closely connected with (3) and (4) is degree of crystallization as 
a guide to unconformities. It has been seen that crystalline character 
is often taken on in proportion as dynamic action occurs. When the 
folding, which has affected only the older series, has been severe, it as 
a whole will be more crystalline in character than the newer. .Also the 
presence of igneous material is often a potent factor in the production 
of crystalline character. As, however, recrystallization is also produced 
by metasomatic change, this criterion must be used with caution and 
as a cause to search for other evidences of an unconformity rather than 
alone as a basis upon which to infer an unconformity. But even differ· 
ence of amount of metasomatic change, if the rocks are equally likely 
to be affected by these processes, may be evidence of difference in age. 
In determining degree of crystallization the modern petrographical 
methods serve one of their most useful purposes, since many rocks 
which in exposure or in hand-specimen appear to be about equally 
crystalline, are shown in thin section to be of a fundamentally different 
character. .A completely crystalline rock sometimes can not be dis
criminated macroscopically from one which is merely indurated by 
cementation. For instance, a thoroughly crystalline granite and a 
recomposed rock built up of the debris of this granite, especially when 
the particles are in the form of individual minerals, rather than peb
bles, present much the same appearance in mass, but a glance at sec
tions of the two under the microscope shows the thoroughly crystalline 
interlocking character of the one and the clastic character of the other. 
Another case quite as marked is the discrimination between much foli
ated eruptive rocks which have passed over into fissile schists and 
ordinary argillaceous slates and graywackes. In the latter class the par
ticles of quartz and feldspar may be seen with their oval forms as regu
lar as the day in which they were deposited, while in the other case an 
entirely different appearance is presented. 

(6) Basal conglomerates are one of the most important means of 
determining a plaue of nnco11formity, but it must be clearly shown that 
the conglomerate is really a, lmsal one. Conglomerates may occur in 
other positions than at basal horizons, and it will not do to assume 
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that an unusually conglomeratic layer is !Jasal. A conglomerate is 
likely to be basal when the major portion of the debris is derived from 
the immediately subjace11t mem her; but even here the exception must be 
made that in case this subjacent member is a stuface igneous rock the 
presence of the conglomerate is no evidence of a time break. If, how
ever, the igneous formation is of such a character as does not originate 
except as a deep-seated rock, the fact that it is at surface and yields 
fragments to the overlying formation is evidence of a time gap. Also 
evidence of a break is just as decisive when the underlying rock has a 
foliation which has been produced prior to the deposition of the con
glomerate. This may be determined from the fact that fragments 
broken from a foliated rock are apt to be longer in the direction of lami
nation, and when deposited in the overlying series .they naturaJly lie 
with their foliation at an angle to that of the underlying series. It 
matters not whether the foliated rock of the inferior series be of sedi
mentary or of igneous origin. If sedimentary, a long time has been 
required to obliterate evidence of its fragmental character; if igneous, 
its foliation shows the effect of long-acting forces. While basal con
glomerates are often found they are also often absent where other evi
dence shows that there are discordant relations between two series. 
This absence is explained, at least in some cases, by Pumpelly's disin
tegration theory, the encroaching shore line finding a set of disinte
grated rocks in which the mass is ready to yield particles of the con
stituent minerals rather than pebbles. 

(7) General field relations are often sufficient to establish discordant 
relations between series when all other lines of evidence are lacking. 
When in a region immense stretches of rocks of one series are always 
found in an undisturbed condition, while an adjacent series is always 
disturbed, discordant relations may be inferred. This is particularly 
evident when tbe horizontal series fills bays in the older rocks, or is 
found as inliers surrounded by the other rocks. Again, the general 
field relations may establish an unconformity even if both series are 
disturbed. Onf case of this is the occurrence of a uniform belt of 
stratified rocks which, perhaps with a monoclinal structure and a 
somewhat uniform strike and dip, runs for great distances, the rocks 
of the adjacent unconformable series being here of one kind and there 
of another kind. The evidence for the unconformity in this case is 
still further emphasized if the lower series, instead of having a simple 
structure, is folded in a complex manner. General field relations may 
betray unconformity even when the newer series has been folded in a 
more complex manner, as, for instance, having been subjected to two 
orographic movements, the first of which placed it in a monoclinal 
attitude, and the second of which, at right angles to this first force, 
gave it a fluted structure. The lower series, instead of having this 
regular structure, being subjected to still earlier orographic movements, 
would be more irregular in its foldings and faultings, and the difference 
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in simplicity of structure of the two series would increase in proportion 
to the number and intensity of the earlier movements. However, as 
the movements which have affected the newer series increase, the diffi
culty of discovering discordances by general field relations is increased. 
These and other cases of general field relations which show unconformity 
may not appear to the observer while doing detailed work, since no 
contacts or other ordinary indication of unconformity is found, but 
strongly appear when the work is platted. To the mind of the writer 
general field relations of the kinds above cited are sometimes more de
cisive evidence of unconformity tllan almost any kind of local rela
tions. When the local proofs above considered, combined with general 
field relations, unite as evidences of unconformity, as is generally the 
case if the worker takes advantage of all the facts available, the ac
cumulated evidence for discordant relations, even in difficult and folded 
regions, is often decisive. 

Unconformities have been frequently inferred on insufficient ground. 
This has sometimes resulted from regarding surface igneous rocks as 
sedimentary, and the basal conglomerate overlying such a formation as 
evidence of unconformity. More frequently the misinterpreted evidence 
of unconformity is a discordance in foliation; sometimes cited as occur
ring in actual contact, but at other times being a uiscordance only in 
the strike and dip of foliation at some distance. A contact discordance 
of foliation or bedding may occur as a result of faulting. The strikes 
and clips of banded and contorted schists and gneisses often vary so 
greatly within short intervals that a difference of this kind can not be 
taken as an indication of discordances. This error has occurred because 
it has been assumed that cleavage foliation accords with sedimentation. 
When it is practically, not theoretically, recognized that this structure 
is secondary-maybeproduceu in either sedimentary or igneous rocks
and that it generally does not correspond over large areas with bed
ding, such evidence will cease to be used as indications of structural 
discordance. 

The application of the foregoing principles demands that in working 
out the structure of the crystalline formations the ground. must be gone 
over in detail. No single section will be adequate to give a proper idea 
of the structure, nor will it do to consider that as a result of several or 
a dozen sections the structure of a large district may be worked out 
a11u the formations mapped, as has been too frequently done. Forma
tions which outcrop in one section may not be expfllsed in another, or a 
formation between one section and the next may entirely change its 
character or disappear altogether. If the district is a difficult one the 
only safe way is to take advantage in the field of all available over
ground and underground facts, and to collect abundant material for 
supplementary office work. When only one structure is present and 
the character of that the least doubtful, it must not be assumed to be 
beddin£". In regions in which the exposures are infrequent it may be 
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impossible to work out the structure of crysta1line rock serieR which 
have a true detrital succession, but it is better for the preseut an<l tlle 
future that no structure be presented than a false one . 

.After working out the structure of one district in a geological basin, 
adjacent districts may be mapped much more rapi<lly. Under proper 
checks the lithological character of individual beds may be assumed to 
remain the same. Sets of like formation occurring in the same order 
may be assumed to be the same group of formations. And perhaps 
most useful of all are discordant relations between series. Jn correla
tions from region to region, without the assistance of paleontology it 
will probably not be possible to carry the analogy further than series; 
and in far distant regions even the general lithological likeness and 
similarity of position of series is not sufficient warrant for placing them 
opposite each other in the time column. 

If the foregoing principles are true, it is plain that in working out the 
structure of a new region local names should be applied to the forma
tions and series. When the time comes that fuller knowledge enables 
them to be safely correlated with the series to which classical names 
have been applied, this may be done, and the local names will not be less 
serviceable to designate particular parts of these general series. 

The area in North America in which detailed mapping has been done 
with a resultant proper understanding of the structural relations of the 
pre-Cambrian is surprisingly small. Scarcely a crystalline area on the 
continent has escaped the rapid geologist who has passed over a region 
and upon a few facts of uncertain value publishes structural conclu
sions which are not to be verified by future work. The districts care
fully studied include the original Huronian of lake lluron, several 
small areas about Ottawa and between the Ottawa river and lake On
tario, a few small areas about the lake Superior region, a small part of 
western Massachusetts and a part of Maryland. Even in these districts 
the work at many points is rather old and to a certain extent unsatis
factory. Before-reliable maps can be obtained this old work must be 
thoroughly revised in the light of the recent advances in the methods 
of study of the crystalline rocks. By this it is not implied that tlle 
more general work done is not of superlative value and of necessity 
1nust precede the more accurate accounts. A beginning has been made 
in American pre-Cambrian stratigraphy, but the great mass of work 
remains for the future. 

RESULTS IN AMERICA AND EUROPE COMPARED. 

This volume has already become too long to attempt to make a de
tailed comparison between .America and Europe as to the results reached 
in pre-Cambrian stratigraphy. Also, I am wholly unfamiliar with Eu
ropean ground and am but imperfectly acquainted with the literature; 
hence I would not be warranted in making the attempt, even if space 
permitted. It may, however, be well, without giving any detailed facts 
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or reviews of literature, to mention the opinions which appear to be 
prevalent in reference to the pre-Cambrian of Europe. 

In the first place, it is not universally held that in Europe there are 
pre-Cambrian clastics. It is probable that this difference of opinion 
results in part because it is not agreed as to the lower limit of the Cam
brian. If this could be settled it would be comparatively easy to decide 
as to the existence of pre-Cambrian sedimentaries. 

Now here has there been in the past a wider difference of opinion on 
this question than in Great Britain, but now the cm.~.sensus of opinion 
appears to be that pre-Cambrian clastics, either water-deposited or 
volcanic, or both, occur at various places. The officers of the official 
survey have, until very recently, denied that such rocks occur; but the 
Director-General states, in a late paper, that in western Scotland, asso
ciated with the fundamental gneiss, are small areas of schist and 
limestones which are possibly sedimentary; that within the complex of 
rocks in Scotland, for which the term Dalradian is proposed, there are 
probably pre-Cambrian clastics both of sedimentary and volcanic ori
gin, and tlmt Callaway is correct as to the pre-Cambrian age of the 
U rieonian volcanics. Still more recently it has been announced that 
the Torridon sandstone, 8,000 or 10,000 feet thick, which contains 
traces of annelids and other obscure organic remains, lies unconforma
bly below the Olen ell us Cambrian and must therefore be classed as pre
Cambrian. 

The head of the official survey of France, Michel-Levy, states that 
in the pre-Cambrian are placed only those rocks which are completely 
cryHtalline and which antedate all the clastic series. The Cambrian is 
delimite(l below by the appearance of the first layers, which are incon
testably clastic. It passes insensibly into the crystalline rocks re
garded as pre-Cambrian. The Cambrian is delimited above by the 
overlying accordant or discordant strata-bea~ing fossils. The rocks 
placed in the Cambrian are for the most part noufossiliferous, and, 
while clastic as a whole, are locally much altered by contact action and 
are more crystalline than the later formations. The foregoing positions 
are very different from those held by Barrois, another of the official 
geologists. This author holds that in France there is at least one 
series of pre-Cambrian rocks of clastic origin to which he has applied 
the term Huronian. 

In Germany there is a radical difference of opinion between the lead
ing geologists as to whether pre-Cambrian clastics exist, although a 
.large majority maintains that belonging here are the Obermittweida 
conglomerate and similar rocks in other localities. Others hold that 
these roeks are in folded parts of the Cambrian or post-Cambrian. The 
commonly accepted classification of the pre-Cam brian rocks, according 
to Lossen, is as follows: (1) Urgneiss or fundamental gneiss, which in 
places is rather a granite than a gneiss. Toward the top, the forma
tion takes in beds of limestone, quartzite1 and amphibolite, generally, 
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however, without any vestige of clastic character. Above the Ur
gneiss follows (2) the Urglimmerschiefer, which passes into (3) the Ur
thonschiefer or Phyllit, and this contains younger gneiss formations. 
This classification has a structural basis to a certain degree, but seems 
to be primarily lithological. Credner, in the last (seventh) edition of 
his Elemente der Geologie, places the Urgneiss as the. equivalent 
of the Laurentian and the Urschiefer, including here the Urgllinmer
schiefer and Urthonscheifer as the equivalent of the Huronian of 
North America. 

In Norway the director of the official survey, Dr. Reusch, considers 
that it has been shown that there are in that country pre-Cambrian 
clastics which are overlapped by the Cambrian. De Geer maintains 
that there are pre-Cambrian rocks in Sweden which are unconformably 
below the Cambrian. Reusch is inclined to exclude these rocks from 
the Archean, the latter being restricted to the fundamental complex. 
If these results be accepted it follows that in Scandinavia there are 
rocks which take a position represented in America by the Algonkian. 

The inclination to limit the term Archean to the fundamental com
plex is rather widespread in Europe, without reference to whether pre
Cambrian clastics exist or not. Many of those who hold that pre-Cam
brian clastics occur are disposed to give them distinctive names. As 
in America, no structural methods have been applied to the funda
mental complex. 

Rigidly defining the Archean to cover the basal crystalline complex 
and excluding from it all clastic rocks, we have in England, France, 
Germany, and Scandinavia equivalents of the Algonkian of America, 
if those geologists are right who maintain the pre-Cambrian character 
of the clastic rocks mentioned. 

No attempt bas been made, except in Great Britain, to subdivide into 
series the rocks equivalent to the Algonkian. The review of the facts 
in America has led to the conclusion that it is not practicable to make 
correlations over the whole continent of a more definite nature than 
Algonkian and Archean. If this be true, it is evident that correlations 
can not be more definitely made between European and American rocks. 
The application of such American terms as Huronian and Keweenawan 
to European series is wholly unwarranted. 

If the suggestion be correct that the Archean is of a different char
acter from any succeeding formation and has a continental extent in 
America, it may be safe to regard the fundamental complex of Europe 
as its equivalent. If this be done and Cambrian be delimited below 
by the Olenellus fauna, it would be safe to say that the intervening 
series of rocks occupy s~me position in the great Algonkian system. 
But any given series of the Algonkian of Europe can not safely be 
placed opposite a definite series in this country until there shall be 
found paleontological evidence for so doing. 

Even if the Cambrian in Europe were rigidly delimited below by the 
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OlcnelluR fauna and all doubtful series barren of fossils were regarde<l 
as pre-Cambrian, it would still be true that the rocks thus referred to 
the Algonkian system would be insignificant in amount and extent as 
compared with the great areas and volumes here included in .America. 
It would also be true that the structural work upon such series has not 
progressed so far. This is probably in large measure due to the non
occurrence of such volumes of .Algonkian rocks in Europe as exist in 
America; but it is also due in part to the fact that in that portion of 
Europe which has been most closely studied there have been since 
Cambrian time repeated powerful dynamic movements and periods of 
great eruptive activity. The conditions are much the same as in the 
eastern United States, where a study of pre-Cambrian stratigraphy has 
barely begun. In the interior of the American continent the conditions 
have been far more favorable for a structural study of the pre-Cam
brian rocks. 
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