
50TH CoNGRESS, } HOUSE OF REPRESENTATIVES. J Mrs. Doc. 
1st Session. 1 No. 375. 

DEPARTMENT OF THE INTERIOR 

BULLETINS 

OF THE 

UNITED STATES 

GEOLOGICAL SURVEY 

VoL. VI 

WASHINGTON 
GOVERNMENT PRIN'l'ING OFFICE 

1887 





C 0 NT EN T S. 

BULLETIN No. 37. 

Page. 
Types ofthe Laramie Flora, by Lester F. Ward.... . .......................... 1 

BULLETIN No. 38. 

Peridotite of Elliott County, Kentucky, by J. S. Diller ........................ 355 

BULLETIN N 0. 39. 

'l'be Upper Beaches and Deltas of the Glacial Lake Agassiz, b y Warren Upham.. 387 

BULLETIN No. 40. 

Changes iu River Courses iu Washington Territory due to Glaciation, by Bailey 
Willis . . . . . • . . . • • . . . • • . . . • • • . . . . • . . . . . . . . • • . . . • • • . . . • • • . . . . • . . . . • • • . . . . . . 471 

BULLETIN No. 41. 

On the Fossil Faunas of the Upper Devonian -tho Genesee Section, New York, 
by Henry S. Williams ...•..•••• . ..••• _. . . • • . . • • . . . ... • • • . . . • • • . . . • • 481 

lll 





PLATE 

ILLUSTRATIONS. 

BULLETIN No. 37. 

I. Fucus, Spiraxis, Ginkgo .......••..•••••.••••••••••••••••• 
II. Sequoia ...••...........•.........••.•..•••••..•••••••••••• 

III. Phrag:r>1ites, Lemna, Sparganium .•••••.••••.••••.•.•..•••• 
IV. Populus ...•...•.....••..•.•...•...••••..•.•..••...•••.... 
V. Populus .•••••...••.•......•..••.•••••••••••••••••.•.••••• 

VI. Populus .................................................. . 
VII. Populus ••••..••.••••.•••.••.•..•••.••••.••••..........•.. 

VIII. Populus .•..•..•••••••••••.•.....••••....•.....•..••..••.. 
IX. Populus, Quercus .....•...••...••.....•........••••..••••• 
X. Quercus, Dryopby llum ...•••...•••.•••••..••••...••....••• 

XI. Dryophyllum, Corylus .•••••.•••••...••..•••••...••....••• 
XII. Corylus ..............•....••••.••••..•••••...••.•.....• · •.• 

XIII. Corylus .......•......•••...•...•••••..... : ••..••...•••.... 
XIV. Alnus, Betula, Myrica, 'lJuglans ...••....••..••.•.•........ 

XV. Juglans, Carya, Platanus .•••••..•••.••.•...•...•.........• 
XVI. Platanus ...••..•••••...........•••.......•••.......•..... 

Page. 
120 
124 
128 
132 
136 
140 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 

XVII. Platanus.................................................. 184 
XVIII. Platanus...... . • • • . • . • • • • . • • • • • • . • • • . . . . . • . . . • • • • . . . . . . . . . 188 
- XIX. Platanus.................................................. 192 

XX. Platanus, Ficus........................................... 196 
XXI. Ficus . . . • • • • . • • • • . . • • . • • • . • • • • . . • • • . • . . • • • • • • • . . • • • . . • • • . • 200 

XXII. Ficus. • • • • • . • • . . • • . . . • . . . • . . . • • • • . . . • . . • . • . . • • . . . • . • . . . • • . 204 
XXIII. Ulmus, Laurus.... . . • • • . . • • . . • . . . . • . . . . • • . . • . • . . . • . • . • • . . • 208 
XXIV. Litsooa, Cinnamomum. .... .... ..•••• ...... ••••.• .... ...... 212 
XXV. Daphnogene, Monimiopsis, Nyssa, Coruus.... .•.. .... ..•... 216 

XXVI. Cornua, Hedera. ...• .••• .... ..•. .... ..•••. .... .•.. .... .... 220 
XXV II. Aralia . . . . . • . • • • • • . . . • . . . • . . . . . . . . . • . . • . . . . . • . . . . . • . . • . . . . 224 

XXVIII. Aralia, Trap a . . • • . • • • • . • • • . . . . . . . . • . . . • • . • . . . . . . . . . • . . . . . . 228 
XXIX. Hamamelites, Leguminosites, Acer .............••.........• - 232 
XXX. Sapindns.. ..•••. ...•.. .••••. ...•.. .•.••. ...•.. •... ...••. •• 236 

XXXI. Sapindus .••••.• ·•••. . • • . . . . • • • . . . • • . . • • • . . . . . . . . • . . . . . • • • . • 240 
XXXII. Vi tis.... . . . . . . . • • . . . • . . . • . • • . . . • • . . . . . . . . • . . . . . . . . . . . • • • . . 244 

XXXIII. Berchemia, Zizyphus, Paliurus.................. •• • . . • • . . . • 241::! 
XXXIV. Celastrus. • • • . • . . . . . . . . . . . . . . . . . . . . . • . . • • • • . . . • • . . . . • . . • • . . 252 
XXXV. CelastruR.... .. ..•. .... .•.• .. .... ..•••. .... .... .... .. .. .. .. 256 

XXXVI. Celastrus...... ...... ..•••. ...••. ...••• .••••• .•.••• •.•• ...• 260 
XXXVII. Euonymus, Elooodendron. ..••.• .... ...• . • .. ..•. .. .... ..•••• 264 

XXXVIII. Elooodendron . • • • . • • • • • • • • • . . . • . . . . • . • • • . . . . . . . . . . . . . . . . • • • 268 
XXXIX. Grewia. .••••• .•.••. .••• ...•.. .... .••••• .•.••.. .••••. .••••• 272 

XL. Grewiopsis . . • • • • . . . . • . . . . . . . . . . . . . . . • • • • • • • • . . . . • • . . . . • . . • 276 
XLI. Grewiopsis, Pterospermites...... . . . . . . . • • • . . . . . . . • •• . • . • •• . 280 

XLII. Pterospermites, Credneria. • • • • . . . • • . . • • • • • . . . . . . . . . • • • . . • . • 284 
XLIII. Credneria . . . . . . . . • . • . . • • • • • . • • • • • • • • • • • • . . • . . . . . . . • . . . . . . . 288 
XLIV. Credneria . . • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • . • • • • • 292 

v 



VI 

PLATE 

ILLUSTRATIONS. 

XLV. Credneria. ............................................... .. 
XLVI. Datura .••••••••••••••••••••••••••••••.•••••••••••••...•.. 

XLVII. Cocculus ................................................ .. 
XL VIII. Cocculus, Liriodendrori, Magnolia •..•.•.•..••••.•..••.•.•. 

XLIX. Diospyros ............................................... .. 
L. Viburnum ............................................... . 

LI. Viburnum .•••••••••••••••••••••••••••••••••••••••.•.....• 
LII. Viburnum ..••••••••••••••••••••••••••••••••••••..••...••• 

LIII. Viburnum .••••••••••••••••••••••••••••••••••••••..••••... 
LIV. Viburnum •••••••••••••••••••••••••••••••••••.......••••.. 
LV. Viburnum ••••••••••••••••.•••••••••••••••••••••••••••.... 

LVI. Viburnum .••••••••••••••••••.••.•••••...•••••••.•••...... 
LVII. Viburnum .............................................. .. 

BULLETIN No. 38. 

PLATE I. Map of the portion of Elliott County in which peridotite dikes occur. 
FIG. 1. Section of peridotite seen under the microscope ........••....•••••.... 

2. Crystal of olivine ...•••.••••..•••••.••••••..•.••••...•••............. 
3. Original structure of peridotite seen under the microscope ..........•. 
4. Corroded enstatite with border ..................................... . 
5. Biotite · ..•••...•. ~ •..................••... _ ......•••.. _ .•.•....... _ .. 
6. Pyrope, showing border of biotite and magnetite .. _ ........•......... 
7. Part of a border. about a grain of pyrope, magnified SO.diameters . .... . 
S. Induded microlites arid cavities in garnet ........................... . 

BULLETIN N 0. 39. 

PLATE I. Map of the upper beaches and deltas of the glacial Lake Agassiz .... 
FIG. 1. Typical section across a beach ridge of Lake Agassiz ...••...••......•. 

2. Map of a township, showing its division in sections ....•.....•........ 

BULLETIN No. 40. 

PLATE I. Map of Eastern Washington Territory, showing distribution of 
rocks along lines of observation ...... ---------·................ 477 

II. Preglacial channel of the Similkameen River.. . . . . . . . • • • . . . . . . . . . . 479 
III. Lower valley of the Okinakane River to the Columbia River...... 479 
IV. The Columbia River from the Okinakane River to Lake Chelan.... 479 

BULLETIN No. 41. 

PLATE I. Genesee section, approximate altitude of sections................. 587 
II. Map showing location of geologic stations of Genesee section ...... 589 

III. New species of fossils •••••.•.••. -----· ....... ...... .... .... ...... 593 
FIG. 1. Dipterus Nelsoni Newberry.......................... 593 

~. Dipterus T lmvis Newberry .............. -----·...... 59:3 
3. Aptychus........................................... 593 
4. Aptychus........................................... 593 
5. Lunulicardium levis, n. sp •... .... .... ...• ..••.. .... 593 
6. Lunulicardmm levis, n. sp . . • • . . . . . . . • • • . . . • . . . • .. .. 593 
7. Lunulicardium fragile Hall.............. .. • • •• . . . • . . 593 
8. Lunulicardium levis, n. sp ...• ---~ ..••••....••.• ---- 593 
9. Ptychopteria T mesocostalis, n. sp.... . • • • . •• • • . . . . . .. 593 

10. Pterinopecten T Atticus, n. sp........................ 593 
11. Pterinop~cten f Atticns, n. sp.... .•.. .... .. ..•••. .... 593 
12. Ptychopteria T mesocostalis, var. . . . . . . • . . . . . • . • . . . . . 593 
13. Lncina Wyomingensis, n. sp . . . . . • . • . • . . . • • • . .. • .. . • 593 
14. Lucina Varysburgia1 n. sp. .. .•.. •••. .••••• .... .••••. 593 



ILLUSTRATIONS. VII 

Page. 
PLATE IV. New species of fossils • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • . • • • • • . • . • 597 

FIG. 1. Rhynchonella Allegania, n. sp...... . . • • • • • • . • . . . . . . . 597 
2. Rhynchonella Allegania, n. sp. • . • • . . . • • . . • . • . . . . . . . . 597 
3. Rhynchonella .A.llegania, n. sp.. . • • • • • . • • • • • . . • • • • . . . 597 
4. Rhynchonella Allegania, n. sp ...•. .-.... . • . • • • • . • • • • . 597 
5. Rhynchonella Allegania, n. sp . • • • • • • • • • • • . • • • • • . • • • • 597 
6. Rhynchonella .A.llegania, n. sp . . • . • . • • • . • • • • • • • • • • •• • 597 
7. Rhynchonella Allegania, n. sp. . . . • • • • • • • . • • • • • . • • • • • 597 
8. Rhynchonella Allegania, n. sp. .•.• •••••• .••••• ••.••• 597 
9. Arenicolites duplex, n. sp .••••••• a •••••••••••••••• .,. 597 

., . 





ADVERTISEMENT. 

[Bt1lletin No. 37.] 

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 slwll consist of the annual rep61rt 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 a!ld rep01ts 
of said Snrvey 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 pttblished for scientific exchan~cs 
and for sale at tho price of publication; andallliterat·y and cartographic materials received in exchange 
shall be the property of the United States and form a part oft.he library of the organization: And tho 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
St.ates." 

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

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

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

ANNUAL REPORTS. 

Of tho Annual Report!\ there have lteen already published: 
I. First Annual Report to the Hon. Carl SchLtrz, lty Clarence King. 1880. 8°. 79 pp. 1 map.-A 

preliminary report describing plan of organization ;tnd publications. 
U. Report of tho Director of the United States Geological Survey for 1880-'81, by .J. W. Powell. 

1882. S0 • lv, 588 pp. 61 !Jl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1881-'82, by .J. W. Powell. 1883. 

S0 • xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by .J. W. Powell. 188!. 

8°. xxxii, 473 pp. 85 pl. ancl maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by .J. W. Powell. 1885. 

so. xxxvi, 46!1 pp. 58 pl. and maps. 
The Sixth and Seventh Annual Reports are in press. 

MONOGRAPHS. 

Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII, IX, X, and XI are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio Price $10.12 
III. Geology of the Comstock Locle ancl the Washoe District, with atlas, by George F. Becker. 

1882. 4°. xv, 422 pp. 7 pl. and atlas of 2L Rheets folio . Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp 3 pi Price $1.50 
V. Copper-bearing Rocks of Lake Superior, by Roland D . Irving. JS83. 4° . xvi, 464 pp. 151. 

29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 

1883. 4°. xi, 144 pp. 54 1. 54 pl Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by .Joseph S. Curtis 1884- 4° . xiii, 200 pp. 16 pl. 

Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, 298 pp. 24 1. 

24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New .Jersey, 

by Robert P. Whitfield. 1885 4°. xx, 338 pp. 35 pl Price $1.15. 
X. Dinocerata A. Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 

1885. 4°. niii, 243 pp. 56 l. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Nortbwestm:n Nevada, by Israel 

Cook Russell. 1885. 40. xiv, 2S8 pp. 46 Jll. Price $L75. 
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The following is in press, viz: 
XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 1SB6. 40. :nh, 

i70 pp. 45 pl. and atlas of 35 sheets folio. 
The following are in preparation, viz: 
I. The Precious Metals, by Clarence King. 
- Gasteropoda of the New Jersey Cretaceous and Eocene Marls, by R. P. Whitfield. 
-Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
-Lake Bonneville, by G. K. Gilbert. 
-Sauropoda, by Prof. 0. C. Marsh 
- Stegosauria, by Prof. 0. C. Marsh. 
- Brontotberidre, by Prof. 0. C. Marsh. 
-Geology of the t~uicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- Tho Penokee-Gogebic Iron-Be(tring Series of North Wisconsin and Michigan, by Roland D. Irving. 
- You~ger Mesozoic Flora of Virginia, by William M. Fontaine. 
-Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
-Report on the Denver Coal Basin, by S. F. Emmons. 
-Report on Ten-Milo Mining District, Colorado, by S. F. Emmons. 
-Report on Silver Cliff Mining District, by S. F. Emmons. 
-Flora of the Dakota Group, by J. S. Newberry. 

BULLETINS. 

The Bulletins of the Survey will contain such papers relating to the general purpose of its. work as 
do not properly come underthe heads of Annual Reports or Monographs. 

Each of these Bulletins contains but one paper and is complete in itself. They are, however, num 
bered in a continuous series, and may be united into volumes of convenient l:lize. To facilitate this, 
each Bulletin has two paginations, one proper to itselfand another which uelongs to it as part of the 
volume 

Of this series of Bulletins Nos. 1 to 37 are alreauy published, viz: 
]. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with 

a G~::ological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. S0 • 42 pp. 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal. etc., by 

.d..lbert Williams, jr. 1SS3. S0 • S pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76o 30', from Tompkins County, 

New York, to Bradford County, Pennsylvania, by HenryS. Williams. 1SS4. S0 • 36 pp. Price 5 cents. 
4. On .Mesozoic Fossils, by Charles A. White. 1S84. S0 • 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. lSS4. so. 325 pp. 

Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. lSS4-. S0 • 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A catalogue of geological maps of America (North and South), 

1752-1S81, by Jules Marcou and John Belknap Marcou. 1884. S0 • 1S4 pp. Price 10 cents. 
S. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 

VanHise. 1SS4. S0 • 56 pp. 6 pl. Price 10 cents. 
!J. Report of work done in the Washington Laboratory during the fiscal year 1SS3-'S4. F. W. Clarke, 

chief chemist; T. M. Chatard, assistant. 1884. S0 • 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles D. Walcott. 1884. 

so. 74 pp. 10 pl. Price 5 cents. 
ll. 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. Gil­
bert. 18S4. S0 • 66 pp. 6 pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana 1884. so. 
34 pp. 3 pl. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, by Henry Gannett, 
1SS5. so. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barns and Vincent 
Strouhal. l8S5. so. 23S pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1SS5. S0 • 

33 pp. Price 5 cents. 
16. On the higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 18S5. S0 • 

S6 pp. 3 pl. Price 5 cents. 
17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, by Arnold 

Hague and Joseph P. Iddings. 18S5. S0 • 44 pp. Price 5 cents. 
IS. On Maline Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 

by Charles A. White. 1885. S0 • 26 pp. 3 pl. Price 5 cents. 
19. Notes on the Stratigraphy of California, by George F. Becker. 1S85. S0 • 2S pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille· 

brand. 1S85. so. 114 pp. 1 pl. Price 10 cents. 
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21. The Lignites of the Great Sioux Reservation, by Bailey Willis. ~885. 8° . 16 pp. 5 pl. Price 
5 cents. 

22. On New Cretaceous Fossils from California, by Charles A. White. 18S5. 8° . 25 pp. 5 pl. Price 
5 cents. 

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw SerieR on 
Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1S85. S0 • 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras aml Cape Roque, including the Bermudas, by William H. Dall. 18S5. 
so. 336 pp. Price 25 cents. 

25. The Present Technical Condition of the Steel Inuustry of the United States, by Phineas Barnes. 
1885. l:l0 • 85 pp. l'riCe 10 CentS, 

26. Copper Smeltiug, by H enry M. Howe. 1885. 8° . 107 pp. Price 10 cents. 
27. Report of work <lone in the division of Chemistry and l'llysics, mainly during the fiscal year 

1884-'85. 18S6. so. 80 pp. Price l 0 cents. 
28. T!Je Gauhros antl Associated Horn blonde Rocks occurring in the neighborhood of Baltimore, Mil., 

by George H. Williams. 18S6. so. 78 pp. 4 pl. Price 10 cents. 
2!J. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886. 

s=>. 41 pp. 4 pl. Price 5 cent.s. 
30. Secoml contribution to the studies on the Cambrian Faunas of North America, by Charles D. 

Walcott. 18S6. 8° . 369 pp. 33 pl. Price 25 cents. 
31. A systematic review of our present knowledge of Fossil Insects, including Myriapods and Arach­

nid::!, by Samuel H. Scudder. 1886. 8° . 128 pp. Price 15 cents. 
32. Li~ts and Analyses of the Mineral Springs of the United States; a preliminary study, uy Albert 

C. Peale. 18S6. 1:>0 • 235 pp. Price 20 cents. 
33. Notes on tl1e Geology of Northern Califomia, byJost-ph S. Dille'r. 1886. 8° . 23 pp. Price 5 cents. 
34. On the relation of 1Le Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other p;roups, b.'!O Charles A. \Vhite. 1886. 8°. 54 pp. 5 pl. Price 10 cen•ts. 
35. The Physical Properties of tl1 e Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. f\0 • 

62 pp. Price 10 cents. 
36. Subsidence of fine Solid particles in Liquids, by Carl Barns. 18R7. 8°. 58 pp. Price 10 cents. 
37. 'l'spes of the Laramie Flora, by Lester F. Ward. 1887. 8° . 354 pp. 57 pl. Price 25 centR. 
38. Pcl'iuotite of Elliott County, Kentucky, by Joseph S. Dillt:r. 1887. 8° . 31 pp. 1 pl. Price 5 

cents. 
Numbers 1 to 6 of the Bulletins form Volnme I; Numbers 7 to 14, Volume II; Numbers 15 to 23, Vol-

ume III; Numbers 24 to 30, Volume IV; Nnmbers 31 to 36, Volume V. Volume VI is not yet complete. 
The following are in press, viz: 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, hy Warren Upham. 
40. Changes in River Courses in Washington Territory clue to Glaciation, by Bailey Willis. 
41. Fossil Fauna.'! of tl!e Upper Dcvouiau-tho Genesee Section, by HenryS. Williams. 
42. Report of work done in the division of Chemistry and Physics, mainly during the fiscal year 

1885-'86. F. W. Clarke, chief chemist. 
43. On the Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and .Alabama Rivers, by 
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TYPES OF THE LARAMIE FLORA. 

BY LESTER F. WARD. 

EXPLANATORY REMARKS. 

I have in preparation a work on the flora of the Laramie group, in 
which will be described arid figured a very large number of fossil plants, 
most of which were collected by myself in the seasons of 1881 and 
1883 and the elaboration of which has occupied most of my time since 
the latter date. The work of illustrating this material has progressed 
slowly and cannot be completed earlier than the end of tlw present 
year (1887), after which much will still remain to be done before the 
volume can be ready for publication. Realizing this, and also the fact 
that the illustrated monographs of the Geological Survey are usually 
long delayed in printing, and feeling the importance of making known 
the general character of these additions to the Laramie flora at an 
earlier date, I thought best to prepare and publish as a preliminary 
sketch some of the more striking types from among the collections. 
Accordingly, in July, 1885, there were submitted for publication in the 
Sixth Annual Report of the Survey, at the close of my paper entitled 
''Synopsis of the Flora of the Laramie Group," thirty-five double plates, 
containing one hundred and thirty-nine figures, accompanied by a list 
of the provisional names which my studies up to that time had enabled 
me to assign. 

In that paper, a portion of which was devoted to a description of the 
localities at which the material was collected, it was explained that the 
selections were not made altogether from the best or most instructive 
specimens, but consisted rather of the more representative types of 
such as were then ready, and that it was expected that further research 
would elucidate many obscure points and suggest important modifica­
tions. 

It was no part of my purpose in that paper to furnish descriptions of 
the species regarded as new and lack of space debarred me from in­
troducing critical comments upon any of the forms figured. As, how­
ever, such descriptions and ·discussions are necessary to the proper 
understanding of the figures and of the nature of the flora under treat· 
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10 'TYPES OP THE LAHAMIE FLOHA. 

ment~ I commenced to characterize these forms on my return from 
field in September, 1885, and to append such explanatory notes as 
necessary to render this part of the work intelligible and available 
scientific men. The present bulletin is the result. I had ori 
intended to publish it merely as a text to the figures in the Sixth 
nual Report, but it was finally decided to rearrange the figures 
plates of smaller size, adapted to the bulletins, and thus render 
work complete in itself. 

No changes have been made in the names given to the species in the 
previous paper, but wherever, as has sometimes occurred, later inves­
tigations have led me to modified conclusions relative to the proper 
affinities of the forms described, the changes thus proposed are men· 
tioned in the discussions. 

The following table will show the corresponding figures in the two 
sets of plates : 

Table to facilitate cross-refer·ence between the plates and figures in this bulletin and tks 
san-,e figures as published in the Sixth Annual Repm·t of the U. S. Geological Survey, 
Plates XXXI to LXV. 

I 

Bulletin. Annual Report. I Bulletin. Annual Report. :Bulletin. Annual Report. 

-----

Plate. biJ Plate. biJ Plate. I ~ Plate. biJ Plate. I bi: Plate. bil 
~ ~ ~ I ~ ~ 

----- --- -

I 1 XXXI 1 v 1 XXXIII 8 IX 1 XXXVI 6 

2 2 2 !l 2 7 
3 3 3 11 3 8 
4 4 4 XXXIV 1 4 9 
5 5 5 2 5 ·10 

6 6 6 3 6 XXXVII 1 
II 1 7 7 4 X 1 2 

2 8 VI 1 5 2 3 
3 9 2 6 3 4 
4 10 3 7 4 5 
5 11 4 8 5 6 
6 12 5 9 6 7 

III 1 XXXII I 3, !I XXXV 1 7 I 8 
2 1 7 2 8 I 9 
3 2 8 3 XI 1 10 
4 4 VII 1 4 2 11 
5 5 2 5 3 XXXVIII 1 
6 6 3 6 4 2 
7 7 4 7 5 3 

IV 1 XXXIII 1 5 8 XII 1 4 
2 2 6 9 2 5 

3 3 VIII 1 10 XIII 1 XXXIX 1 
3a 3a 2 11 2 2 
4 4 3 XXXVI 1 3 3 
5 5 4 2 4 4 

I 

6 6 5 3 5 5 

7 7 6 4 6 6 
8 10 7 5 7 7 
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DESCRIPTION OF THE SPECIES. 

CRYPTOGAMS. 
ALGiE. 

PUCUS L. 

This genus as now restricted is almost exclusively confined to the 
northern hemisphere, the sea-weeds of the southern hemisphere going 
by different names. It is a tidal form and not found in deep water. 
About a dozen Rpecies are known, which, however, gives no idea of their 
vast abundance upon the rocky shores where they grow. They are 
mostly bigh northern, and the greater part of the species are common 
to both the Old and the New World. Until recently the only fossil 
species recognized were those described by W atelet from the Paris 
Basin, six of which were considered sufficiently reliable to be accepted 
by Schimper in his Paleontologie vegetale. Since the appearance 
of the latter work Heer has detected the remains of one of the living 
species (F. caniculatus L.) in the Quaternary deposits of Spitzbergen. 
Lesquereux and myself have found the species mentioned below in two 
different localities belonging to the Laramie group, and Pilar thinks 
he recognizes two species of Fucus in the Miocene deposits of Sused. 

Pucus lignitum Lx. 

Fucus LIGNITUM Lx., Bulletin U. S. Geol. Survey of the Territories, Vol. I, No.5, 
p. 364; Annual Report do., 1874, p. 296; Tert. Fl., p. 42, pl. lxi, figs. 24, 24a. 

Plate I, Figs.1, 2. -Point of Rocks, Wyoming; white sandstone bed east of sta­
tion (Fig. 1). Burns's Ranch, Montana (Fig. 2). 

The specimen represented by Fig. 1 comes from the same bed at 
Point of Rocks as that collected by Dr. F. V. Hayden and figured by 
Prof. Leo Lesquereux. It is a somewhat fuller specimen and shows more 
of the branches. The other specimen (Fig. 2) was fouud at Burns's 
Ranch, on the Yellowstone, and has already been referred to as part of 
the evidence of partial synchronism of the two beds. Though an infe­
rior specimen it seems to belong to the same species. Prof. Lesquereux 
refers to its resemblance to Sphmrococcites crispiformis Schloth.; and S. 
Sckambelinus Heer (Urwelt der Schweiz, pl. iv, fig. 1) may also be profit­
ably compared. In its external character, at least, it closely resembles 
forms of Gelidium (see Saporta, Algues Fossiles, pl. iii, figs. 1b, 3), and 
also some forms of Chondrites. 

(13) 



14 TYPES OF THE LARAMIE FLORA. 

SPIRAXIS Newberry. 

A genus recently created, as mentioned below. 
of the ancient forms of fossil kelp, the more recent 
which go by the name of Halymenites. 

Spiraxis bivalvia, n. sp. 

Plate I, Fig. 3.-Head of Clear Creek, Montana. 

Body cylindrical or fLlsiform, often tapering toward both ends, trav­
ersed by numerous fine spiral ridges at an angle of 60° to the axis, 
slightly verrucose, minutely fistulose at the center, cleft through 
tudinally by a plane that generally passes a little to one side of the 
center and is either strictly tangential or slightly curved, the larger 
segment often cleft also through its center, or sometimes the cylinder 
divided by three planes of cleavage into three nearly equal segments 
uniting at the center. 

This is the peculiar fucoid found near the bead of Clear Creek, to 
which reference was made when treating of that locality. It certainly 
bears a strong general resemblance to some of the "screw-llke fossils 
from the Chemung rocks" recently made known by Dr. J. S. Newberry 
(Annals N.Y. Acad. Sciences, Vol. III, pp. 217-220, pl. xviii) under the 
name of Spiraxis, and although his specimens came from a very much 
lower horizon his theory of their fucoidal character is doubtless correct 
and the present specimens from the Fort Union group probably beloug 
to the same form of life. I have therefore ventured to refer them to the 
same genus, although this may extend its geological range more widely 
than the author intended. 

Tile specific name is based upon the tendency, alread~ referred to, 
which this particular form exhibits, to split into two valves or halves 
by a longitudinal cleavage which passes across the spiral strire upon 
the surface without being in the least affected by them. 

PHANEROGAMS. 

GYMNOSPERMS. 
CONIFERJE. 

GINKGO L. 

The sole living representative of this once abundant genus is thought 
to have been confined to China prior to the advent of man, but now it 
is not only widely distributed throughout eastern Asia and Japan, but 
also throughout the western world as an ornamental tree. In the fossil 
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state it ranges from the Permian to the Miocene. Two of the twenty­
five fossil species have already been described from the Laramie group, 
to which two more are here added. 

Ginkgo Laramiensis Ward. 

GINKGO LARAMIENSIS Ward, Science, Vol. V, June 19, 1885, p. 496, fig. 7. 

Plate I, Fig. 4.-Point of Rocks, Wyoming; gray sandstone bed north of station. 

Leaves small (3 to 5 em. in width), narrowed to the petiole, the mar­
gin undulate, sinuate, or somewhat lobate; nerves :flabellate-divergeut, 
many times dichotomous. 

The occurrence of sinuses of variable depth at irregular intervals 
around the margins of the leaves is the chief distinction which sepa­
rates this form from both G. adiantoides and G. biloba, between which 
it clearly holds an intermediate position. 

Twelve fragments of this ~eaf were collected at Point of Rocks in the 
sandstone bed north of the station, the one figured here being perhaps 
the most perfect. At the request of Dr. Newberry, who saw them at 
the National Museum, they were sent to him at the School of Mines, 
New York, and subsequently returned by him with the remark that he 
could find no sufficient characters to justify a specific distinction between 
them and leaves of the living species, G. biloba. There certainly is 
very little difference, except in size, but between G. adiantoides Ung. 
and the living species there is not even that difference. I have there­
fore thought best to commemorate this small form by a separate name 
and retain Unger's name for the next. Should intermediate forms be 
subsequently discovered, all might perhaps be referred to G. biloba. 

Ginkgo adiantoides (Ung.) Heer. 

GINKGO ADIANTOIDES (Ung.) Heer, Fl. Foss. Arct., Vol. V, Pt. III (Prim. Fl. Foss. 
Sachal.), p. 21, pl. ii, figs. 7-10. 

SALISBURIA ADIANTOIDES Ung., Synops., p. 211; Gen. et Spec., p. 392. Massa!. & 
Scarab., Fl. Foss. del Senigal., p. 163, pl. i, fig.1; pl. vi, fig. 18; pl. vii, :lig. '1. 
Heer, Fl. Foss. Arct., Vol. I, p. 183, pl. xlvii, fig. 14; Vol. II, Pt. IV (Foss. Fl. N. 
Greenland), p. 465, pl. xliv, fig. 1. · 

Plate I, Figs. 5, 6.-Seven Mile Creek, Montana; Sparganium bed. 

The discovery of these interesting leaf impressions in the Sparga­
nium bed at Seven Mile Creek was mentioned in the Sixth Annual Re­
port (p. 545). They have nearly the size of the leaves of the living 
species and do not appreciably differ from the non-lobate forms of it 
which frequently occur (some trees having nearly all their leaves with. 
out lobes ann others having them nearly all lobed). The lobes also 
differ greatly in depth and the Fort Union leaves sometimes have shal­
low sinuses. 

(15) 
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SEQUOIA Endl. 

Like Ginkgo, this genus represents a waning type of plant life, 
the two well known Californian species remaining of the forty or 
that are described in the fossil state. These latter range from the 
ofthe Cretaceous, or even from the upper Jurassic, to the Pliocene. 
belong to the Laramie group, of which two are from the northern dis 

Sequoia biformis Lx. 

SEQUOIA BIFORMIS Lx., Bulletin U. S. Geol. Surv. Terr., Vol. I, p. 366; .Ann. 
do., 1874, p. 298; Tert. Fl., p. 80, pl. lxii, figs. 15-18, 18a. 

Plate II, Figs. 1-6.-Point of Rocks, Wyoming; white sandstone bed east 
station (Figs. 1, 2); white marl bed northwest of station (Figs. 3, 6). 

The two specimens, Figs. 1 and 2, are from the original fine 
sandstone bed at Point of Rocks, long since explored by Dr. Hayden 
Mr. William Cleburne; but they differ frolll the specimens collected 
Hayden and figured by Lesquereux in having the shorter leaves 
densely pacl{ecl toget.her and especially in exhibiting rhombic scars 
the points where the leaves have fallen away. In this latter cna1~acre~• 
they resemble more closely the forms called Araucarites. I do 
however, consider it probable that my specimens from that bed rep 
sent a different species from that formerly collected there, and the d 
ferences are probably clue to accidents of preservation. 

The special interest attaching to them is in the fact that all the 
specimens, which agree more closely with those formerly collected, com 
from the white arenaceous marl bed at the base of the cliff to the n 
west of the station. They greatly strengthen the presumption which 
entertained at that time that these beds might be the equivalent of th 
others and be in their observed position by virtue of either a strong 
westerly dip or a fault in the intermediate region. It is important to 
know this, since by such knowledge the relative position of the more 
important bed, some 300 feet almost directly over this one, could be 
determined. 

ANGIOSPERMS. 

MONOCOTYLEDONS. 

GRAMINElE. 

PHRAGMITES Trin. 

The two living species ofPhragmites are very widely diffused through­
out temperate and tropical regions of the globe. Four or five times as 
many species are describeu in the fossil state, chiefly from tl1e Miocene; 
but three are found iu I..~ :1ramic str~ta. The reference of some of these 
forms to this genus is very doubtful. 
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Phragmites Alaskana Heer. 

PHRAGMITES ALASKANA Heer, Fl. Foss. Arct., Vol. II, Pt. II (Fl. Foss . .A..lask.), p. 24, 
pl. i, figs. 12, 12 b. Lesquereux, Ann. Rep. U. 8. Geol. Surv. Terr., 1~71, p. 293; 
Tert. Fl., p. 90, pl. viii, figs. 10-12, 12a; Cret. and Tert. Fl., p. 141. Schimper, 
Pal. VtSg., Vol. II, p. 398. 

Plate III, Pigs. 1-3.- Burns's Ranch, Montana. 

There can be no doubt that these specimens represent the same plant 
that is figured by Lesquereux (Tert. Fl., pl. viii, fig. 10), collected 6 miles 
above Spring Canon, near Fort Ellis, Mont., and it is a form that 
seems to be confined to the Fort Union group. It is probably not 
Phragmites, and may be profitably compared with Bambttsa Lugdunensis. 
(See Saporta. Veg. Fosn. de Meximieux, pl. xxiii, figs. 8-16.) 

LEMNACEJE. 

LEMNA L. 

Seven species of this genus are found inhabiting the fresh water8 of 
temperate and tropical parts of the world. Besides the one named 
below, only two species are known in the fossil state. One of these iR 
from the Green River shales at Florissant, Colo. 

Lemna scutata Dawson. 

LEMNA SCUTATA Dawson, Report on the Geology of the 49th Parallel, Appendix A, 
p. 329, pl. xvi, figs. 5, 6; Trans. Roy. Soc. Can., Sec. IV, 1882, p. 32. Lesquereux, 
Ann. Rep. Geol. Snrv. Terr., 1874, p. 300; Tert. Fl., p. 102, pl. lxi, figs. 2-5. 

Plate III, Figs. 4, 5.--Burns's Ranch, Montana .. 

I have concluded to refer these forms to Lemna scutata rather than 
to Pist-ia corrugata because none of them have the obovate shape char­
acteristic of the mature leaves found at Point of Rocks and because, 
if there is any difference between the Point of Rocks specimens and 
those from British America, the probabilities are in favor of the identity 
of our plant with the latter, which doubtless belongs to the Fort Union 
group. But I quite agree with Prof. r .. esquereux that the two are one 
and that all the specimens from Point of Rocks heds, which I also care­
fully examined while there, belong to a single species. All the speci­
mens figured are from Burns's Ranch, but faint impressions (showing no 
nervation) of what I have little doubt is the same plant are visible 
upon some of the Iron Bluff shales. 

TYPHACEJE. 

SPARGANIUM L; 

This is rather a northern type occupying temperate and subfrigid 
regions, but representatives are found in Australia. There are in all 
halt a dozen 1i \'ing species and about ten fossil ones, of which S. Sty­
gium Heer is by far the best known. 

(17) 
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Sparganium Stygium Heer. 

SPARGANIUM STYGIUM Heer, Fl. Tert. Helv., Vol. I, p. 101, pl. xlv, figs. 1-4; Fl. 
Foss. Arct., Vol. I, p. 97, pl. xlv, :figs. 2a, 13d; Vol. II, Pt. IV (Fos'l. Fl. N, 
Greenland), p. 467, pl. xlii, :figs. 4b, 5, 5b. Schimper, Pal. Veg., Vol. II, p. 473. 

Plate III, Figs. 6, 7.-Seven Mile Creek, Montana. 

The single heads, which occur in masses on the rocks of the next 
highest beds of the Seven Mile Creek series, agree almost absolutely 
with the one figured by Heer in the Arctic Flora last cited, and this 
alone has determined me to refer our plant to that species .. But the 
special interest in the case is the occurrence of about complete racemes, 
bearing single heads at the extremities of pedun0les nearly an inch 
long. Two such racemes were obtained, one of which is figured (Fig. 7). 
These heads are smaller than those found separate and the fruits are 
less acuminate. I presume they represent au earlier stage in the de­
velopment of the plant. At least, as all were found at one place, there 
seems no good reason for supposing that they represent two species. 

DICOTYLEDONS. 

APETALJE. 

SALICIN E./E. 

POPULUS L. 

The Fort (J nion group seems to be exceedingly rich in forms of Pop­
ulus, which are probably the ancestors of the forms that still constitute 
almost the only arboreous vegetation of the region embraced by that 
extensive deposit. But it is remarkable, if such be the case, that the 
existing forms, P. rnonilifera, P. balsamifera (with its willow shaped 
variety, angustijolia) and also, to some extent, P. trem,uloides have a 
much more pinnate nervation, and where tending to be palmate it 
never possesses the decidedly aerodrome character which belongs to 
nearly all the fossil forms, not only of western America but of the 
Arctic regions. It is only in the fossil floras of Europe that the pin­
nately nerved forms occur (cf. P. latior, P. balsamoides). It would seer.IJ 
that the· Old World forms, after having been distributed over both hem­
ispheres, proved fittest to survive in the struggle for existence with 
glacial agencies. 

Dr. Newberry, in his Later Extinct Floras of North America; de­
scribes eight species of Populus from the Fort Union group, and in the 
great profusion of forms which I found, and which are represented so 
abundantly in my collections, I certainly expected that the most of those 
figured by him would be represented. But, unless we allow a much 
greater range of variation both in general form and in nervation than 
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ever occurs with living species, only one of his species can be with cer­
tainty identified in my collections, and only two of my forms can, with­
out such undue expansion of the characters, be referred to any species 
hitherto described. On the other hand, there are some eight or ten 
forms which, after examining all the species of Populus, both fossil and 
lidng, to which I have access through either specimens or figures, I am 
compelled to record as new and distinct from one another. It is true 
that great liberty bas been taken by certain authors in referring forms 
dHfering entirely in their nervation to the same species, but if they have 
examined living specimens they must have found that they agree in 
nervation e~en where they differ in nearly all other respects. 

Populus glandulifera Heer. 

POPULUS GLANDULIFERA Heer, Fl. Tert. Helv.,Vo1. II, p. 17, pl.lviii,:figs.5-11; pl. 
lxiii, fig. 7; Fl. Foss. Arct., Vol. II, Pt. II (Fl. Foss. Alask.), p. 26, pl. ii, :figs. I, 2; 
Vol. V, Pt. III (Prim. Fl. Foss Sachal.), p. 23, pl. iii, fig. 4; Pt. IV (Mioc. P:fl.. v. 
Sachal. ), p. 5, pl. ii, :figs. 7a, b; Fl. Foss. du Portugal, p. 25, pl. xxi, figs. 5, 6a. Lud­
wig, Palreonto~r., Vol. VIII, p. 91, p1. xxvi, fig. 10. Scb imper, Pal. V eg., Vol. II, 
p. 690. Lesquereux, Cret. and Tert. Fl., p. 226, pl. xlviA, :figs. 3, 4. 

Plate IV, Figs. 1-4, l''ig. 3a enlarged.- Burns's Hauch, Montana. 

The forms referred to this species are all alike in nervation and in 
form and all come from the carbonaceous shale at Burns's Ranch, 
where the fine grained character of the rock brings out the nervation in 
a very perfect manner. They do not agree well enough with the orig­
inals figured by Beer (Fl. Tert. Helv., pl. lviii) to have suggested their 
identity, but they are substantially identical with the forms figured 
by Lesquereux from the Bad Lands of Dakota (belonging to the Fort 
Union group), in his Cretaceous and Tertiary Floras (pl. xlviA, figs. 
3, 4), Fig. 2 agreeing entirely with his fig. 4. The rest of the 8peci­
mens have a somewhat more irregular outline, but this and all other 
peculiarities are seen in Beer's fig. 7, pl. lxiii, of the Tertiary Flora 
of Switzerland, quoted above. Baron von Ettingshausen, to whom the 
figures have been sent, regards this as a distinct species. 

Populus cuneata Newberry. 

POPULUS CUNEATA Newberry, Later Extinct Floras, pp. 31, 64; Illnstr. of Cret. 
and Tert. Plants, pl. xiv, :figs. 1-4. Lesqnereux, Cret. and Tert. Fl., p. 225, pl. 
xlviA, fig. 5. Dawson, Cret. and Tert. Fl. Brit. Col. and N. W. Terr., Trans. Roy. 
Soc. Can., Sec. IV, 1882, p. 32. 

Plate IV, Figs. 5-B; Pla.te V, Figs. 1-3. -Seven Mile Creek, Montana, Spar­
ganium beJ. (Plate IV, Pigs. 5-8; Plate V, Figs. 1, 2). Clear Creek, Montana 
(Plate V, Fig. 3). 

All but the last of the specimens of this form figured here came from 
the Spargauium bed of the Seven Mile Creek system and are perfectly 
normal in aU respects; the last (Plate V, Fig. 3) presents some differ­
ences and was collected at Clear Oree1r. It may be a form of Popullls 
arctica lleer and has its nearest analogue in the specimen from Siberia 
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figured by Heer in the Arctic Flora (Vol. V, Pt. II, Foss. Fl. Sibir., 
xv, fig. 3). The species occurred at Cracker Box Creek and in 
beds, but the specimens are less perfect. 

Populus speciosa, n. sp. 

Plate V, l<'igs. 4-7.-Clear Creek, Montana. 

Leaves long petioled, 5 to 7cm. wide, the blade but little 
rounded sil1uate or crenate except the nearly horizontal base, palm 
nerved; midrib strong; lateral primaries three pairs, all uniting 
the midrib at the summit of the petiole, the innermost pair much 
strongest, aerodrome, outer pair basal and delicate; tertiary 
distinct, often termmating directly in the blunt teeth, frequently anas~ 
mosing and forming arches from which finer ones proceed to the margin. 

These fine specimens from the Olear Creek beds probably most closely 
· resemble P. arctica Heer, but there are some constant differences, such 
as the rounded teeth, which seem to be essential. It is also a larger 
and in every way handsomer form. The five principal nerves always 
unite at the summit of the petiole, and in must of the specimens the 
base is nearly or quite horizontal without being cordate. 

Populus amblyrhyncha, n. sp. 

Plate VI, Figs.l-8; Plate VII, Figs.l-3.-SevenMile Creek, Montana; white marl bed, 

Leaves long petioled, 3.5 to 8.5cm. broad, the blad.e considerably 
longer than broad, varying from cordate to wedge shaped at the base, 
entire to near the widest part, rounded sinuate or crenate above, some­
what irregular in outline, the apex prolonged into a blunt point; mid­
rib strong; lateral nerves one to three pairs, the inner pair much the 
strongest, uniting with the midrib some distance above the summit of 
the petiole, somewhat alternate, erect, sending out strong tertiaries 
which branch and anastomose, sometimes reaching the margin and ter­
minating in blunt teeth which project beyond the others; lower lateral 
primaries light, alternate, or of unequalnum ber on the two sides of the 
midrib; nervilles faint, percurrent or broken. 

These constant forms are all from one bed, viz, the highest at Seven 
Mile Creek, and seem distinct from all others I havB examined. They 
all agree in having the two or three principal nerves unite with the 
midrib a short distance above the base of the leaf, below which the 
thiu basilar nerves proceed. The rounded teeth are somewhat irregular 
toward the summit, and the terminal one IS usually produced into a 
couspicuous blunt snout, which gives a distinct character to this speci.es 
and irom which I have given it its name. 

Populus daphnogenoides, n. sp. 

Plat.e VII, Figs. 4-6.- Seven Mile Creek, Montaua; white marl bed. 

Leaves ovate in outline, entire near the wedge shaped base, rounded­
sinuate or somewhat sharply toothed above, terminati11g in a long, en· 
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tire, often CtH\' C(l, blnnt point; petiole <lidded a little above the base 
of tbe blade iuto tllree strong, nearly equal, primary nerves, the two 
lateral ones distmctly aerodrome an<l ,·cry erect, terminating near the 
apex~ givmg off strong tertiaries which branch and terminate m the 
teeth; basal nerves light or indistinguishable; nervilles irregular, 
hrauched, often percurrent. 

In searcllmg for the analogues of this form they are chiefly found, so 
far as the s1ze, shape, and general nervation are concerned, among other 
genera than Populus, for example, Zizyphus, Paliurus, Daphnogene, 
and Uinnamomum, but upon closer scrutiny they fail to convince me 
that these leaves are not those of a true Populus alJ(l one not widely 
<listinct from that last mentioned, from which they differ in their smaller 
;.;ize, more narrowed and elongated form, and in having somewhat 
sharper teeth. 

Populus oxyrhyncha, n. sp. 

Plate VIII, Figs. 1, 2. -Seven Mile Creek, Montana; white marl bed. 

Leaves broader than long, 4.5 to 6cm. in width, entire or slightly un­
dulate to the middle, irregularly rounded-dentate and somewhat three­
lobed above, terminating in an acute or slightly obtuse point, lwrizontal 
or slightly wedge sllap ed at the base; palmately nerved, tlle inuer lat­
eral priuml'ies nearly equaling the midrib, erect and curving inwanl, 
giving off strong tertiaries from near the base which often reach the 
margin, uniting near the summit with tertiaries from tbe midrib; uer­
villes distinct, tlexed iu the middle and united by others t·unuing parallel 
to the tertiaries, forming quadrate or trapezoidal meshes. 

I at first thought it would be necessary to separate these two forms, 
but upon further study I con elude to unite them. Thry haYe some re­
semblance to the specimens which I have designated as P. amblyrhyncha, 
bnt the mode of union of the primary nerves with the midrib is differ­
eut and one of the specimens (Fig. 2) has the point decidedly acute. 
This resembles in general character Unger's figure ofP. attenuata AI. Br., 
published in his Sylloge (III, pl. xxii, fig. 15), but there the lateral prima­
ries rise from some distance above the base of the leaf and seud out sec­
ondaries in a very different man·ner. 

The other specimen (Fig.1) resembles very closely Sa porta's P. Euboica 
(Moncle des Plantes, p. 285, fig. 80, No.1), but is considerably larger. It 
differs from most of the other specimens from this locality in exhib· 
iting a much larger amount of detailed nervation, but whether this in­
dicates a leaf of different texture or merely an accident of preservation 
it is impossible to say. 

Populus craspedodroma, n. sp. 

Plate VIII, Fig. 3.- Burns's Ranch, Montana. 

Leaf small for the genus, ovate in outline, somewhat lobed, slightly 
heart shaped, toothed all round, the teeth prominent, unequal, obtuse, 
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or rounded, the terminal tooth prolonged; nervation cr~tSJ,;IedodJrOirlG 

midrib much stronger than the lateral nerves, these in two pairs 
from the summit of the petiole, the basal pair YeQ' light, termi 
in the first teeth, second pair proceeding from the midrib at an angle 
Goo to the margin at the widest part of the leaf and terminating in 
strong tooth or lobe, the upper pair strongest, erect, anu dichotom 
branching, the ultimate ramifications ending in the teeth; nervilles 
aud faint, often ending blind, forming near the midrib irregular mes 

It is with grave doubts that I refer this beautiful impression to 
genus Populus rather than to Hedera or Vitis. It has, however, all 
essential characters of the genus, even to the basilar nenres, and 
the principal nerves pass directly into the teeth, which have the PV'J"""'~-•• 

narrow but blunt form characteristic of the Vitacere. 

Populus Whitei, n. sp. 

Plate VIII, Fig. 4.- Burns's Ranch, Montana; collected by Dr. C. A. White in 
1882 and named in his honor. 

Leaf long petioled, subrhombic in outline, three lobed, uneq 
toothed to near the base, terminating in a prominent, slightly recur 
point; nervation craspedodrome; lateral primary nerves in two 
upper pair nearly equal to the midrib, arising from above the base 
the blade, erect and aerodrome, sending out strong secondary 
to the lobes and teeth; lower pair short, rising midway between 
and the base; nervilles percurrent, more or less curved, flexed in t 
mi<ldle, sometimes forking. 

This specimen occnrs in the collection of Dr. C. A. White from 
lower Yellowstone district, maue in 1882, and was collected at Bur 
Ranch. My collection from that locality contains nothing that resem­
bjes it, unless the species last named may be said to do so. For a long 
time I supposed this form to be the same as that figured by Newberry 
on plate xiii, fig. 5, of the Illustrations of Cretaceous and Tertiary 
Plants, under the name of Populus acer·ifolia, although that figure 
bears almost no resemblance to the others under the same name. But 
a c:treful comparison convinces me that the two forms are distinct, and 
the strongly craspedodrome character of the nervation makes it some­
what doubtful whether our specimen represents a true Populus. 

Populus hederoides, n. sp. 

Plate VIII, Fig. 5.-Seven Mile Creek, Montana; white marl bed. 

Leaf long petioled, large, (7.5cm. wide), coarsely sinuate-toothed to 
belowthe middle, entire at the base; midrib . :flexuous, divided at con­
siderable distance above the base of the blade into three equal branches, 
the lateral branches curving upward and inward toward the apex and 
giving off three or four secondaries, which go to the margin; lower 
pair of lateral primary nerves aeisiug fmm a point lower dowu an<l near 
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the base, light, simple, and parallel to the margin, terminating in the 
first or second tooth ; nervilles faint, straight, percurrent. 

That this impression represents a true Populus I am quite certain, 
although the nervation is wholly anomalous and the general form more 
nearly approaches some species of Hedera. Only o11e specimen accom­
panies the col1ection, and of this the summit is wanting. It is from 
_the highest beds of the Seven Mile Creek series. 

Populus Richardsoni Heer. 

POPULUS RICHARDSON! Heer, Fl. Foss . .A.rct., Vol. I, p. 98, pl. iv, :figs. 1-5, 6b; pl. vi, 
:figs. 7, 8; pl. xv, fig. 1c; p. 137, pl. xxiii, figs. 2a, 3; p. 158, pl. xxxi, :figs. 1a, 
2; Vol. II, Pt. III (Mioc. Fl. Spitzbergens), p. 54, pl. x, figs. 8-12; Pt. IV 
(Foss. Fl. N. Greenland), p. 468, pl. xliv, figs. 7, 8, 9a; pl. lv, fig. 3b; Vol. IV, 
Pt. I (Foss. Fl. Spitzbergens), p. 68, pl. xi, fig, 7e; pl. xiv, :fig. 4; pl. xxxii, figs. 1, 
2; Vol. V, Pt. II (Foss. Fl. Sibiriens), p. 49, pl. xv, fig. 7. Lesquereux, Tert. Fl., 
p.1'i7, pl. xxii, :figs. 10-12. Schimper, Pal. Veg., Vol. II, p. 688. 

Plate VIII, Fig. 6.-Burns's Ranch, Montana. 

Although only a single fragment, this specimen differs from all the 
rest in the collections aU<l agrees in all respects with the characters 
of P. Richardsoni. I have therefore no alternative but to refer it to 
that species. 

Populus anomala, n. sp. 

Plate VIII, Fig. 7.-Burns's Ranch, Montana. 

Leaf long petioled (4cm.), 4.5cm. wide, roundish-ovate, strongly and 
somewhat sharply toothed to below the middle, entire and rounded at 
the base; nervation pinnate, eraspedodrome; midrib thick, dichoto­
mous above; secondaries two or three on each side below the forks of 
tho midrib, strong, parallel to one another, curving upward, the upper 
forking, the lower giving off tertiaries from the under side; nervilles 
distinct, close together, somewhat curved, mostly percurrent, often bent 
in the middle, forked or joined by cross nerves. 

This very anomalous form, of which the immediate base and the sum­
mit are unfortunately wanting, accompanied Dr. White's collection from 
Burns's Ranch and was not duplicated by my researches. The form is 
~:.;omewhat similar to that of Populus subrotundata Lx. (Tert. Fl., pl. 
xxiv, figs. 6-8), but the nervation is more pinnate and craspedodrome. 
Its place may be in another genus, but the petiole, which is long and 
preserved en tire, is that of a Populus. 

Populus Grewiopsis, n. sp. 

Plate IX, Fig. 1.- Seven Mile Creek, Montana; white marl bed. 

Leaf large (Scm. broad), long petioled (6cm.), roundish in outline, 
toothed to near the base, teeth unequal, obtuse or acute; nervation sub­
palmate, craspedodrome; midrib strong and straight, passing through , 
the center of the leaf; lateral nerves 6 to 8 on each side, alternate, the 
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lowest ba'lilar and slight, the thir(l above the baRe on <>ach Ri(1P­

the strongest, all except the loweRt nearly straight, terminating in 
teeth an<l giving off tertiaries that pass directly to other teeth; ner­
villes few, straight, percurrent, at right-angles to tb'e nerves. 

I was long undecided whether to refer this nearly perfect and ve 
distinct impression to Populus, Viburnum, or Grewiopsis. To some 
specimens which I refer to the last namerl of these genera it has a de­
cided resemblance (cf. infra, pp. 89-90, Pl. XL, Figs. 2-5). But the very 
well marked basilar n~rves seem to decide the case, and the plant re­
sembles quite closely the part that is shown of one of Heer's figures of 
Populus Richardsoni (Fl. Foss. Arct., Vol. IV, Pt. I, Foss. Fl. Spitz. 
bergens, pl. xiv, fig. 4). The long petiole is also that of a Populus, and 
here we will leave it, for the present at least. 

The specific name should be written with a capital initial to indicate 
its affinities with Grewiopsis and not with Grewia. 

Populus inrequalis, n. sp. 

Plate IX, Fig. 2.-Burns's Ranch, Montana. 

Leaf roundish iu outline, sharply and irregularly toothed abo\e the 
middle, entire or undulate-margined below, abruptly narrowed at the 
uneven base to the distinctly wing-ma.rgined petiole; nervation pinnate, 
mixed (craspedo-camptodrome); midrib far to one side, curved, forked 
near the summit; secondary nerves six on each side, nearly equally 
prominent except the one or two lowest, passing out to near the 
margin, where they fork or are joined by arches, the u 1 timate ramifica­
tions proceeding into the t{1eth; nervilles few and irregular, for kingor 
joined. 

This is perhaps the most anomalous form of all, but there is less 
doubt than in some of the previotlS cases as to its generic affinities. 
Its sharp teeth turned forward, pinnate nervation, numerous secondaries, 
and general asymmetry distinguishit from all the forms I have been able 
to compare with it. 

CUPULIFERJE. 

QUERCUS L. 

Very few forms clearly referable to Quercus occur in the collections, 
and these come chiefly from the lower districts. The only one figured 
here from the Fort Union group is of doubtful generic affinity. 

Quercus bicornis, n. sp. 

Plate IX, Fig. 3.-Seven Mile Creek, Montana; bed below the ironstone. 

Leaf obovate-oblong, 2.6cm. broad~ 6.5cm. long inclusive of the 
petiole which is 1.5cm. long, t'ntire l>elow, tricuspidate at the summit, 
the terminal cusp long anu recurved, the two lateral shorter, unequal, 
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sharp, and curved inward, separated from the terminal by rounded 
siuuses; nervation pinnate; midrib straight, except, the curved summit; 
secondaries numerous (about twelve on each side) and hence close to­
gether, subopposite, proceeding from the midrib at an angle of 400 to 50o, 
curving up,ward near the margin, to which they become tangential, 
11early simple, two of them running out iuto the tips of tlJe cusps, other­
\YiHe camptodrome, one on each side forking and striding the sinuses; 
nervilles faint, percurrent, at right angles to the secondaries. 

I have been unable to find anything with wllich the leaf can be com­
pared. Distant resemblances may be seen in Quercus troglodytes (Fl. 
Foss. Arct., Vol. VI, Abth. II, Foss. Fl. Gronld., pl. xxix, fig. 14), Q. 
Jllediterranea Ung., and Q. Zoroastri Ung. (Foss. Fl. Y. Kumi, Denksclu. 
Wien. Akad., Vol. XXVII, pl. v-i, figs. 1-28), as well as in some Jiying 
species, as, for example, Q. Ilex (cf. Saporta, Veg. FosR. be Meximieux, 
pl. xxiv, fig. a). Analogues also occur in otlJer genera ( cf. Myrica la,ti­
loba acutiloba Lx., Tert. Fl., pl. xvii, fig. 13), and the specimen, though 
nearly perfect, is doubtfully referred to Quercus . 

. Quercus Doljensis Pilar. 

QUERCUS DOLJENSIS Pilar, Flora fossilis Susedana, p. 37, pl. vii, fig. 14. 

Plate IX, Figs. 4, 5.- Black Buttes Station, Wyoming. 

The remarkable similarity of form ancl nervation between these speci­
·nens and those figured by Pilar from Dolje ia Sused justify their ref-
3rence to that species, notwithstanding the improbability tl.HLt the same 
species slwul<l flourish in the American Laramie and the Miocene of 
southeastern Europe. Still, Baron von Ettingshausen is pl'obalJly cor­
rect in presuming that the American form is a nearly related species 
rather than identical with the Croatian. 

Quercus Carbonensis, n. sp. 

Plate IX, Fig. 6.-Carbon Station, Wyoming. 

Leaf 8cm. broad, rounded at the base, slightly sinuat.e-margined be­
tween the distant sharp, cuspidate, or spinulose teeth; petiole Gem. 
lm1g, thick and flexuous; midrib thick and straight, giving- off strong 
secondaries at short ntervals, which are slightly curved outward an<l 
upward and pass out toward the margins parallel to one another; ner­
villes few, straight or flexed near the middle, percurrent, forked or ob-
liquely joined; nerv-ation chiefly camptodrome. ' 

The entire upper portion of this leaf is wanting, but the lower half, in­
cluding the petiole, is highly distinctive. The nervation and the spinous 
teeth, or lobes, strongly suggest its affinity to Quercus, but the petiole 
is too long and flexuous for most species of that genus. Better material 
will be necessary to decide the question. 
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Quercus Dentoni Lx. 

QUERCUS DENTON! Lx., Cret. & Tert Fl., p. 224, pl. xlviii, figs. 1, 11. 

Plate X, Fig. 1. Point of Rocks, Wyoming; gray sandstone bed north of sta­
tion. 

The close resemblance between this specimen and that fi.gured by 
Lesquf:reux from the Bad Lands of Dakot.a inclines me to class them 
together for the present rather tllan to multiply species. The shape, 
llowever, i£ somewhat different, the Wyomiug specimen being more 
narrowed upward and indieating a contracted apex. The petiole is also 
thicker and slightly inflated, recalling some species of Ficus. 

DRYQPHYLLUM Debey. 

I have already referred (Sixth Ann. Rep. U. S. Geol. Surv., p. 534) 
to the numerous forms probably referable to this genus, rather than 
to Quercus, which appear in my collections. A few of them are illus­
trated. 

Dryophyllum aquamarum, n. sp. 

Plate X, Figs. 2-4.-Black Buttes Station, Wyoming. 

Leaves lanceolate, narrowed at both ends, broadest at or below the 
middle, 3 to 5 em. broad, 10 to 15 em. long-, entire or wavy near the 
base, undulate or sinuate-toothed above; nervation mixed; midrib 
strong; secondary nerves numerous (fifteen to twenty on each side) and 
close together, alternate, irregular. as to interval anu angle, often having 
iuterc c.tlary nerves between them~ which proceed from the midrib at a 
wider angle and unite with the next nerve below; nervilles very prom­
inent, joining the secondaries to one another and the midrib to the 
secondaries, these latter strong, curved, and often passing into inter­
calary 11erves. 

These leaves appear to belong to the subgenus Dryophanes of Debey 
and to have their nearest analogue in his Dryophyllum Eodrys (Feuilles 
querciformes, pp. 11, 14, fig-. 19), but there is much in the nerva­
tion that reminds one of QMercus Lucumonwn Gaud. (Uontr. II, Nouv. 
Mem. Soc. Helv. Sci. Nat., Vol. XVII, pl. x, fig. 12). The irregular 
character of the secondary nerves very closely resembles some forms 
that have been referred to Quercus furcinervis (Rossm.) Ung. (cf. Les­
quereux, Oret. all(l Tert. Fl., pl. liv, figs. 1, 2), but the camptodrome 
tendency as they approach the border, which is characteristic of Dryo­
phyJlum, is not found in that species. The tertiary nervation is very 
prominent and distinguishes these leaves from any others I have seen. 
The specimens figured all come from the same bed, and all the grada­
tions between the strongly camptodrome forms (Figs. 2, 3) and the dis­
tinctly craspedodrome forms represe11ted by Fig. 4 occur in the collec­
tion; their reference to Salix seems therefore out of the question. 
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Dryophyllum Bruneri, n. sp. 

Plate X, },igs. 5-8.-Point of Rocks, Wyoming; gray sandstone bed (Figs. 5, 6). Hodges 
Pass, Wyoming (Figs. 7, 8). 

Leaves lanceolate or oblong-lanceolate pointed, auruptly narrowed to 
a short thick petiole, coarsely and obscurely to sllarply siuuate-toothed 
except the entire base; nervation crasped.odrome; midrib strong, straight 
or a little curved.; secondary nerves numerous (fifteen to twenty on each 
si!le) and close together, proceeding from the mid.rib at an angle varying 
from 35° to 80°, slightly curving upward, rarely forking or forming 
arches, the ultimate ramifications entering the teeth; nervilles faint, 
slender and wavy, percurrent, joining the secondaries only (except in 
a few cases). 

I dedicate this species to Prof. Lawrence Bruner, of Nebraska, who 
was my companion throughout most of my campaign in Colorado an<l 
Wyoming and wh9 rendered much valuable aid in making the collec­
tions at both the points named. The specimens closely resemble those 
last described, but the distinctly craspedodrome nervation and the great 
difference in the nervilles lead me to regard them a:5 specifically dis­
tinct. Intercalary nerves do indeed appear in some specimens (Figs 
5, 8) and nervilles occasionally proceed from the midrib (Figs. G, 8), but 
these cases are rare. The arches formed by the secondaries in Figs. 7 
and 8 are farther from the margin than those of D. aquamarurn and dif­
ferent in character. 

I have not foun<l it possible to separate these specimens, although 
they come from different localities. If any separation were possible the 
specimens, Figs. 5 and 8, would naturally fall together, as nearer alike 
than they are to the other two, but some variation mnst be a,llow(~d, and 
they are probably all of one species. 

Dryophyllum falcatum, n. sp. 

Plate XI, Fig. 1.- Hodges Pass, Wyoming. 

Leaf ovate-lanceolate, slender-pointed, and falcate at the summit, 
8.5cm. long, broadest (2.5cm.) near the basP, which is rapi<lly narrowed, 
obscurely sinuate-tootbed above, entire at the base; midrib thick be­
low, rapidly diminishing above; secondaries light, twelve to fourteen on 
a side, parallel (except the lowermost, which are more erect), nnequally 
distant, simple or forked near their e~tremities, scarcely reaching the 
margin; nervilles iudistinguishable. 

Tllis species also somewhat resembles D. Eodrys Deb. (Feuilles quer­
ciformes, fig. 19), but it is more falcate and poiuted an(:l the secondaries 
are more regular and parallel. 

Dryophyllum basidentatum, n. sp. 

Plate XI, Fig. 2.- Carbon Station, Wyoming. 

Leaf ohovate in outline, 4cm. broad above, long petioled, wedge shaped 
at the ba::;e, dis tantly and sharply sinuate-toothed, with prominent sub-
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spinulose teeth, oblique at the base; petiole very thick, especially below, 
3cm. long; midrib straight, diminishing above; secondary nerves five or 
six on a side, close together, parallel, ascending at au angle of aoo 
to the midrib, curving upward and inward toward the summit, where 
they give off five or six tertiaries; nervilles distinct, wavy, percurreut 
or forked, often crossed by short veins at right angles, forming fine 
quadrilateral meshes. 

The upper portion of this leaf is wanting, but the form and the nerva­
tion of the parts preserved indicate a rapid narrowing to the apex, whicll 
was probably more or less toothed. 

I should have been disposed to regard this as a species of Quercus 
but for its striking resemblance to Dryophyllum cretaceum Deb., par­
ticularly as figured by Sa porta in his Flora of Gelinden, pl. v., figs. 3, 4. 
The nerves in our specimen are, however, a little more erect and nearer 
together and the teeth near the base are decidedly more prominent and 
conspicuous. It may prove to be the same as Quercus Ottrbonensis (Pl. 
IX, Fig. 6), from which it differs chiefly in size and in its wedge slJaped 
l>ase. 

CORYL US Tournef. 

The same forms of Corylus described by Newberry in his Later Ex· 
tinct Floras recur at nearly all points in the Fort Union group. I ob: 
taineu them all, unless it be his 0. orbiculata, as I believe he now 
admits his 0. grandifolia to be identical with Heer's 0. 1lfcQuarrii. I 
have carefully compared my larger specimens with all the published fig. 
ures of 0. McQuarrii and also with specimens of 0. Americana, 0. ros­
trata, and 0. Avellana, and I am compe1led to · conclude that there iS' 
scarcely a specific d.ifference between 0. McQuarrii and 0. Ame·ricana. 
It is singular that Heer, in comparing his fossil forms with living ones, 
makes no mention of this most common American species so similar to 
his fossil one. He compares his C. insignis with 0. rostrata and 0. Mc­
Quarrii with 0 . .Avellana, and remarks that the larger fossil species re­
sembles the larger living one, except that the leaves rapidly grow nar. 
rower above the middle, while in the living form the broadest part is 
above the middle. He also mentions the resemblance in the nervation 
of the two more robust forms as being more prominent, with the nerves 
in relief. Now these are just the characters, and almost the only ones, 
which distinguish 0. Americana. 

Corylus Americana Walt. 

CORYLUS AMERICANA Walt., Newberry, Later Extinct Floras, pp. 31, 59; Illustra­
tions of Cret. and Tert. Plants, pl. xiv, figs. 8, 10. Schimper, Pal. Veg., Vol. II, p. 
600. Dawson, Cret. and Tert. Fl. Brit. Col. and N. W. Terr., Trans. Roy. Soc. Can., 
Sec. IV, p. 32. 

Plate XI, Figs. 3-5 ; Plate XII, Figs. 1, 2.- Seven Mile Creek, Montana; white 
marl bed. · 

My specimens are larg~r than those figured by Newberry under this 
name, but it is easy to find living leaves as large. The figures of 0. 
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McQuarrii are also generally smaller than those here· figured, but the 
oue represented by Fig. 1 agrees in all respects with Beer's figure of 
C. McQuarrii in his Flora of Grinnell-Land (Fl. Foss . .Arct., Vol. V, 
Pt. I, pl. vi, fig. 6). I also find leaves of the living species that exactly 
correspond to both these figures. Usually, however, the teeth of 0. 
ftfcQua'i·rii are represented as less sharp. 

Corylus rostrata Ait. 

CoRYLUS ROSTRATA Ait., Newberry, Later Extinct Floras, pp. 31, 60; Illustrations 
of Cret. and Tert. Plants, pl. xv, figs, 1, 3. Scbimper, Pal. Veg., Vol. II, p. 600. 
Dawson, Cret. and Tert. Fl. Brit. Col. and N. W. Terr., Trans. Roy. Soc. Can., Sec. 
IV, p. 32. 

Plate XIII, Figs.l-4.-Seven Mile Creek, Montana; white marl bed. 

These ~'Pecirnens correspond very well with those figured by Newberry 
(Illustr., pl. xv, figs. 1-3), but our Fig. 4, which agrees "\_Vith his fig. 3, 
may belong to another species. 

Corylus Fosteri, n. sp. 

Plate XIII, Figs. 5, 6.-- Head of Clear Creek, Montana (Fig. 5); Clear Creek, 
Montlwa (Fig. 6); collected by Mr. Richard Foster, for whom it is named. 

Leaves ovate, deeply heart shaped, the lobes of the base unequal, long 
pointed, the entire margin toothed, the unequal teeth broad at the base 
and somewhat obtuse; midrib strong, slightly sinuous or curved; sec­
ondary nerves seven or eight on each side, the two lowest opposite and 
sending out five or six strong tertiary nerves, the first of which arise 
from near the midrib and in turn give oft' quaternary nerves to the 
basal lobes, the next three or four secoi1daries suppo~ting each a few 
branches toward the summit, the upper ones simple; nervilles Yery 
prominent, mostly percurrent, at right angles to the secondaries, often 
joined near the middle by oblique veins forming irregul<J.r meshes, some­
times forking, those connecting the midrib with the _secondaries much 
curved, often opposite and appearing to form concentric circles. 

It is fitting that I should name this handsome species of Oorylus in 
honorofProf. Richar•l Foster, now of Howard University, who collected 
both the specimens figured here anJ through whose zeal and euergy the 
rich bed 3.t the head of Olear Creek, where the finest specimen was 
found, was visited. 

I formrrly regarded the smaller of the two specimens which accom­
panied Dr. White's collection of ~he year previous as representing New­
berry's G. orbiculata, but it differs from that form in having teeth of a 
different shape and identical with those of the larger specimen. .Al­
though tlle summit is wanting it is evident from th~ rest of the leaf that 
this wa~ ua.rrowed to a point. 
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? Corylus McQuarrii (Porbes) Heer. 

CORYLUS McQUARIUI (Porbes) Heer, Pl. Poss. Arct.,Vol. I, p. 104, pl. viii, figs. 9-12; pl. 
ix, figs.l-8; pl. xvii, fig. 5d; pl. xix, fig. 7o; p . 1:~8, pl. xxi, fig. ll o; pl. xxii, fig.;. Hi; 
pl. xxiii, fig. 1 ; p. 149, pl. xxvi, figs. 1a, 2-4; p. 159, pl. xxxi, figs. 1b, 5, 6a; Vol. II, 
Pt. II (Pl. Poss. Alask. ), p. 29, pl. iii, fig. 9; pl. iv; Pt. III (Mioc. Pl. Spitzbergens). 
p. 56, pl. xi, fig&. 10-13; pl. xiii, fig. 35b; Pt. IV (Foss. Pl. Greenland), p. 46!), pl. 
xliv, fig. lla; pl. xlv, fig. 6b; Vol. IV, Pt. I (Foss. PJ. Spitzbergens), p. 72, pl. 
xv, figs. 1-4; pl. xxviii, figs. 7, 8; Vol. V, Pt. I (Mioc. Fl. Grinnell-Land.), p. 33, pl. 
v, fig, 9; pl. vi, figs. 3-6; pl. viii, fig. 9a; p1. ix, fig. 1; Pt. III (Prim. Fl. Fos~. 
Sachal.), p. :14, pl. vii, figs. 8, 9a. Lesquereux,Tert. Fl., p.141, pl. xviii, figs. D-ll; 
Cret. ancl Tert. Fl., p. 223, pl. xlix, fig. 4. Ettingshausen, Foss. Fl. v. Sagor, I(Denk­
schr. Wieo. Anacl.,Vol. XXXII), p.177, pl. iv, figs. 20, 21. Schimper, Pal. Veg., Vol. 
II, p. 598. Zwauziger, Mioc. Pl. v. Liescha, p. 35, pl. viii, figs.:~, 4. 

ALNITES McQUARIUI Forbes, Quart Journ. Geol. Soc., Vol. VII, 1851, p. 103, pl. h', 
fig. 3. 

Plate XIII, Fig. 7.-Seven Mile Creek, Montana ; bed below the ironstone. 

This very anomalous leaf, the only one ot the kind in the collectio11, 
comes from the next lowest horizon at Seven Mile Creek. Its rPfert'IH~~~ 
to the genus Corylns is very doubtful, but it agrees tolerably well '"ith 
some of the figures of Heer. The midrib, however, and the three op­
posite pairs of secondary nerves are unlike Uorylns and resemble Alnus 
or Betula. That it is not a form of Alnus Kejersteinii I wonlclnot affirm, 
but the projection of the teeth at the extremities of the secondary nerves 
and the general form of the upper portion strongly suggest its reference 
to Corylus. Unwilling to make a new species on so defective material, 
and yet desiring the judgment of others upon it, I venture to enter it 
as above. 

ALNUS Gartn. 

Unless the specimen last mentioned represents an Alnus only one 
has been selected referable to that species. 

Alnus Grewiopsis, n. sp. 

Plate XIV, Fig. 1.- Hodges Pass, Wyoming. 

Leaf obovate, obtuse, sinuate, and somewhat doubly toothed aboYe, 
entire or slightly undulate margined below, 4cm. broad, 7crn. long, ex· 
elusive of the petiole (lcm.); midrib strong, somewhat curved, rapidly 
dimmishing toward the summit; secondary nerves about nine on each 
side, the strongest near the middle of the leaf, nearly parallel and 
straightl making an angle of about 30° with the midrib, the lower ones 
giving off short simple tertiaries, which usually lose themselves near the 
entire margin, the upper-either p~ssing directly into the teeth or curving 
and forming angular arches near the border, from which finer veinlets 
proceed to the lesS'er as well as to the principal teeth; nervilles faint, 
mostly straight and percurrent, sometimes forked. 
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The specific name is suggested by a peculiar character in the nerva­
tion near the upper border closely resembling that of some species of 
Grewiopsis, e. g., G. Saportana Lx. (Tert. Fl. pl. 1, fig. 11); G. Oleburni 
.Lx. (op. cit., pl. 1xii, fig. 12). The form and general nervation, however, 
are those of an Alnus. 

BETULA L. 

Numerous specimens belonging to this genus occur in the collections, 
of which the following four are figured. 

Betula prisca. Ett. 

BETULA PRISCA Ett., Foss. Fl. v. Wien, p. 11, pl. i, figs. 15-17; Foss. P.fl. v. Heiligen 
Kreuz bei Kremnitz (Abh. K. K. Geol. Reichsanstalt, Vol. I), p. 5, pl. i, fig. 3; 
Foss. Fl. v. Bilin, I (Denkschr. Wien. Acad., Vol. XXVI), p. 121, pl. xiv, :figs. 
14-16; Tert. Fl. Steiermark's (Sitzb. Wien. Acad., Vol. LX, Abtb.. I), p. 45, pl. i, 
:figs. 24-26. Goppert, Tert. Fl. v. Schossnitz, p. 11, pl. iii, figs. 11, 12. Massalongo, 
Synops. Fl. Foss. Senog., p. 24; Fl. Foss. del Senigal., p. 172, pl. xxxvi, :fig. 9. 
Heer, Mioc. Balt. Fl., p. 70, pl. xviii, figs. 8-15; Fl. Foss. Arct., Vol. I, p. 148, 
pl. xxv, figs. 9a, 10, 20-25; pl. xxvi, figs. 1b, 1c; Vol. II, Pt. II (Fl. Foss. Alask.), 
p. 28, pl. v, figs. 3-7; Pt. III (Mioc. Fl. Spitzbergens), p. 55, pl. xi, -figs. 3-6; Vol· 
IV, Pt. I (Foss. Fl. Spitzbergens), p. 70, pl. xxxi, fig. 10; Vol. V, Pt. I (Mioc. Fl. 
Grinnell-Land.), p. 31, pl. iii, :fig. 3h; pl. v, figs. 2-5; Pt. III (Prim. Fl. Foss. 
Sachal.), p. 30, pl. v, :figs. 9, 10; pl. Yii, :figs.1-4; Pt. IV (Mioc. P.fl. v. Sac~al.), 
p. 6, pl. ii, fig. 8; pl. iii, fig. 6. Gaudin, Contr. IV (Nouv. Mem. Soc. Helv., Vol. 
XVII), p. 20, pl. i, fig. 14; Contr. VI (op. cit., Vol. XX), p. 12, pl. ii, :fig. 10. Eng­
elhardt, Fl. d. Braunk. Sacbsen, p. 16, pl. iii, :figs. 19-21. Schimper, Pal. Veg., 
vol. ii, p. 567. · 

Plate XIV, Fig. 2.- Seven Mile Creek, Montana; bed below the ironstone. 

The remarkable agreement between our specimen and the original 
figure upon which the species was founded does not permit me to hesi­
tate in referring it to that species. The species is a widespread and 
variable one, but occasionally, as in Heer's Miocene Baltic Flora (pl. 
xviii, fig. 1 t), there is a return to the type, and ours seems to constitute 
another such case. 

Betula coryloides, n. sp. 

Plate XIV, Fig. 3.-Seven Mile Creek, Montana; white marl bed. 

Leaf ovate-lanceolate, 2.5cm. wide, 5cm.long, irregularly doubly or 
trebly toothed, entire at the horizontal base, recurved pointed at the 
sumn:it; petiole 12mm. long; midrib strong, nearly straight; secondary 
ner\es eight on each side, making an angle with the midrib of about 
35o, the lowest anll some of the higher pairs opposite, very thick at the 
base, rapidly dimiuishing to the margin of the leaf, the lowest pair giv­
ing out each a strong horizontal tertiary nerve from near its insertion, 
which terminates in a slightly prolonged tooth or lobe and gives off 
se,·eral quaternary nerves from_ the lower side; lower and middle sec­
ondaries all yielding terthuies, upper ones simple; nervilles very promi-
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nent, mostly straight, percurrent, and at right angles to the secondarie 
but often forking, flexed, and variously joined, formiug irregular meshes. 

The prominent nervilles and double dentation, and es.vecially the 
of horizontal tertiary nerves at the base, assimilate tllis leaf very closely 
to the genus Corylus, where it would find its nearest analogue in 0. in­
signis (cf. Beer, Fl. Tert. Helv., pl. lxxiii, figs. 11-17); but upon the 
whole the nervation perhaps agrees as well with that of Betula, while 
the general shape is much nearer that of most leaves of that genus. It 
resembles quite closely some forms of B. prisca,, particularly the one 
figured by Heer in his Arctic Flora (Vol. I, pl. xxv, fig. 20), but a still 
nearer approach to our form is found in B. lutea Michx. f., of the pres­
ent North American flora. 

Betula basiserrata, n. sp. 

Plate XIV, Fig. 4.- Seven Mile Creek, Montana; white marl bed. 

Leaf roundish ovate, sharply simply serrate, 3cm. wide, 3.5 or 4cm. 
long; midrib straight; secondary nerves five qr six on a side, making an 
angle of 400 with the midrib; the lowest pair opposite, arising at a less 
angle and curving outward, furnished with five to seven simple tertia­
ries, which pass into the teeth, the next one or two on each side having 
a few tertiaries near their extremities, the upper one simple; nervilles 
indistinct, curved percurrent, sometimes forked. 

In this specimen the teeth approach the base of the leaf more closely 
than is usual with the genus. Otherwise there seems to be no reason 
to exclude it. 

MYRICACEJE. 

MYRICA L. 

Only two species of thi~ abundant type occur in the Laramie group. 
The thirty-five species of the living flora are distributed throughout 
nearly all temperate parts of tlle worJd. Two species are very abun­
dant in North America, either or both of which may have descended 
from these fossil forms. 

Myrica . Torreyi Lx. 

MYRICA TORREY! Lx., Ann. Rep. Geol. Surv. Terr., 1872, pp. 392, 399; Tel't. Fl., p. 
129, pl. xvi, figs. 3-10. Schimper, Pal. Veg., Vol. III, p. 586. 

Plate XIV, Fig. 5.-- Black Buttes Station, Wyoming. 

The specimen represents a leaf of about the maximum length (15cm.) 
of the plant described by Lesq uereux from tlle same locality in 1872. It 
has not been found at any other place. The absence of marginal nerves 
is in favor of tbe reference of this leaf to Myrica, while tlleir presence 
in the earlier described specimens points, as Baron von Ettillgsba.usen 
suggests, to Lomatia as their more probable affinity. 
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JUGLANDACEJE. 

JUGLANB L. 

Five of the eight surviving species of Juglans are North .American 
and the Laramie group has hitherto yielded eigllt extinct ones. One of 
the following is not included in these, and if correctly referred will in­
crease this number to nine. 

? Juglans Ungeri Heer. 

JUGLANS UNGERI Heer, Tert. Fl. Helv., Vol. III, p. 199, pl. clv, fig.18; Braunk. Pfl. v. 
Bornstadt, p. 21, pl. iv, fig.l:t Schimper, Pal. Veg., Vol. III, p. 241. Engelhardt, 
Foss. Pfl. v. Tschernowitz (Nova Acta L.-C. Acad., Vol. XXXIX), p. 385, pl. xxiii, 
fig. 2; Foss. Pfl. v. Grasseth ( op. cit., Vol. XLIII), p. ~~13, pl. xxi, figs. 3, 5, 6. 

PHYLLITES JUGLANDOIDES Rossm., Verstein. d. Brannk. v. Altsattel, p. 29, pl. iv, 
fig.16. 

JUGLANS COSTATA Ung. (quoatl folia), Gen. et Spec., p. 468. Heer, Fl. Tert. Helv., 
Vol. III, pp. 90, 199. Ludwig, Palreontogr., Vol. VIII, p.138, pl.lvi, fig. 7; pl. lvii, 
figs. 6, 7. 

Plate XIV, Fig. G.-Burns's Ranch, Montana. 

Our specimen closely resembles the Swiss plant and also the one from 
Altsattel, but finds its nearest analogue in the specimen from Tscher­
nowitz, as figured by Engelhardt, with which it agrees in having nearly 
all the secondary nerves opposite. 

? Juglans nigella Heer. 

JuGLANS NIGELLA Heer, Fl. Foss. Arct., Vol. II, Pt. II (Fl. Foss. Alask.), p. 38, pl. ix, 
figs. 2-4; Vol. V, Pt. III (Prim. Fl. Foss. Sacbal.), p. 41, pl. x, figs. 6, 7; pl. xi, figs. 
1, 2; Pt. IV (Mioc. Pfl. v. Sacha!.), p. 9, pl. iv, fig. 10. Schirnper, Pal. Veg., Vol. III, 
p. 247, pl. cii, fig. 4. Lesquereux, Cret. and Tert. Fl.., p. 235, pl. xlviA, fig. 11. 

Plate XV, Fig. I.-Burns's Ranch, Montana. 

Much difficulty has been experienced in separating leaves of similar 
nervation to the present one into their proper genera. For a long time 
I bad classed this with the forms referred to the Celastracern, and I am 
not yet certain that it does not belong there. Its affinities are closest 
with those that I have grouped under the genus Elrnodendron (Pl. 
XXXVII, Figs. 3-5; Pl. XXXVIII, Figs. 1-7), all but one of which 
were collected in the same bed at Burns's Ranch. But these all show 
a greater tendency to form a double series of arches at a greater distance 
from the margin and the nerves are more regular than in this one. 
The teeth in this specimen are also finer and sharper. It agrees in 
nearly all respects with the :figures of Ju,qlans nigella above cited, and 
is as likely as they to belong to that genus. Whether this will neces­
sarily carry some of the other leaves into J nglans remains ~o "!le see~! 

~ull, 37-. -9 
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CARY A Nutt. 

Although the ten species of Carya are all North American, th(I'e is 
abundant evidence that the type played· an important role in t,he Miocene 
epoch in Europe. About twenty 8pecies are found tlwre and only four 
or five in North Americ~n strata. Only one of these latter is from the 
Laramie group. • Carya antiquorum Newberry. 

CARY A ANTIQUO RUM Now berry, Later Extinct Floras, pp. 31, 72; Illustrations of Cret. 
and Tert. Plants, pl. xxiii, figs. l-4. Lesquereux, Ann. Rep. U. S. Geol. Surv. 
Terr., 1871, p. 294; 1872, p. 402; Tert. Fl., p. 28D, pl. lvii; lviii, fig. 2. Schimper, 
Pal. Veg., Vol. III, p. 255. Dawson, Cret. and Tert. Fl. Brit. Col. and N. W. Terr. 
(Trans. Roy. Soc. Can., Soc. IV), p. 32. 

Plate XV, Fig 2.-Carbon Station, Wyoming. 

Less than half the leaf is preserved, but this includes tlle nearly eom­
plete petiole and sllows tlle ueiTatiou w~ry clearly. This re~emulc~ 
that of the Fort Union specimens less tllau it does tho~e from E\'au­
ston, which is probably nearly on the same horizon with Uarbon. Prof. 
Lesquereux's fig. 2 of pl. 1 vii represents a fragment very similar to this 
one, but the fine teeth come farther down. 'rlJis specimeu is not in tlw 
Museum collection, but I have examined tlwse represeutetl by figs. 3 
and 4 of the same plate, and I have no doubt that our plant belongs to 
the same species. 

PLAT AN ACElE. 

PLATANUS L. 

Six species of this very ancient type survive and are confined to the 
northern hemisphere, two being North American. Eight fossil species 
have hitherto been described from tile Laramie group. 

Platanus Heerii Lx. 

PLATANUS HEERII Lx., Ann. Rep. U. S. Geol. Snrv. Terr., 1871, p. 30:~; 1872, p. 4~5; 
1874, p. 341, pl. viii, fig. 5; Cret. Fl., p. 70, pl. viii, fig. 4; pl. ix, tig~. l, 2; Ct:et. 
and Tert. Fl., p. 44, pl. iii, fig. 1; pl. vii, iig. 5. Schimpcr, Pal. Vog., Vol. III, p. 
591. Heer, Fl. Foss. Arct., Vol. VI, Abth. II (Fuss. Fl. Gronlantls), p. 72, pl. vii, 
figs. 1, 2; pl. viii, figs. 1, 2a; pl. ix, figs. 1-4. 

Plate XV, Figs. 3, 4.-Blaek Buttes Station, Wyoming. 

Prof. Lesquereux, to whom I llave recently sent figures of this leaf, 
tlliuks tbat the basilar origin of the lateral prirml,ry nerves an<l tbe 
more strongly toothed margin are fatal to the reference of this leaf to 
P. Heerii. He considers its affinities to be rather with his Vib1,(,rnum 
platanoides (Tert. Fl., p. 224, pl. xxxviii, fig. 8), or perhaps with Plata­
mts affinis Lx., especially the arctic forms (llcer, FL Foss. A.rct., Voi. 
VII, pl. lvii, figs. 1-6), or ew'n with P. Guillelmw (op. cit., Vol. V, 
Pt. II, Foss. Fl. Sibir., 1>11 ix, fig. lJ). Tuc f:FCU~P1l resomNll!lW~ 9f ~he 
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leaves to tlwse figured by Heer (Fl. Foss. Arct., Vol. VI, Abt.lt. II, pl. 
vii, fig. 1) as P. Heerii, is very striking, but here the origin of the lat­
eral primaries is still ltigher than in either of my specimens. 

Platanus nobilis Newberry. 

PLATANUS NOBILIS l'ewLcrry, Later Extinct Floras, pp. 30, 67; Illustrations of 
Cret. and. Tcrt. Plants, pl. xvii. Lesquereux, Ann. Reps. Geol. Surv. Terr., 
1871, p. 29(); 1872, p. 404. Sclliruper, Pal. Veg.: Vol. II, p. 708. Dawson, Foss. 
Pl. of Roelle Pcrcce (Geol. Surv. Can., Rep. of Prog., 1879-'80, App. II), p. 
51; Cret. and Tert. Fl. Brit. Col. and. N. W. Terr. (Trans. Roy. Soc. Can., Sec. IV), 
p. 32. 

,Plate XVI, Fig. 1.-Seven Mile Creek, Montana; Sparganium bed. 

Tbis leaf is tlte largest collected in the Yellowstone Valley, and meas­
ures 35cm. across its broadest portion, while the midrib is preserved for 
about 30cm. It resembles n.'ry closely New berry's figure (Illustr., pl. xvii ), 
but is strictly three lobed, whereas that showl:l a fourth lobe of dimin­
i:slH'd length fm·mcd by a prepotent secolldary nerve given off by one of 
tlle lateral primaries. Tlw base "is remarkably similar, the pa.rauchyma 
not exteudiug as far down as tl:e origin of the priucipal nerves, and 
these in both cases are somewhat alternate. Numerous fragments in 
tlle Museum collection (No. 1070) recorded by Lesquereux in the cata-
1ogne as from Fort Clarke:, unt whiclt may be the same as he mentions 
in tbe Annual Report for 1872 (p. 403) as from "Elk Creek, near Yel­
lowstone Biver," agree substantially with our leaf. I should be very 
glad of an opportunity to examine the E\7 anston specimens mentioned 
in the Annual Revort for 1S71 (p. 295), as they must possess considera­
ule interest in connection with tile question of correlating the Fort Union 
with the Wyoming Laramie; but these are not in the Museum type 
series. Baron vou Ettiugshansen regards this species as an Aralia (iu 
litt. 24. Aug. 1886). See, infra, pp. 59-Gl, remarks ou the genus Aralia, 
aud especially on .A.. notctta. 

Platanus basilobata, n. sp. 

Plate XVII, Fig. 1; Plate XVIII, Figs. 1-3, 3a, enlarged; Plato XIX, Fig. 1.-Sevcn 
Mile Creek, Montana; Sparganium bed (Pbt.cr:; XVII, XVIII). Clear Creek, Mon­
tana, collected. by Dr. White's party in 1882 (Plate XIX). 

Leaves large (25 to 35cm. wide), with nearly entire margius, loug 
petioled, three lobed abO\~e and provided with a three to six lolwd ap­
penuage at the base; nervation strongly palmate, camptourome, the 
three principal nerves all rising from the same point and ne;~r the sunl­
mit of the petiole, the four to eight nerves of the basilar appendage pro­
ceeding from the same point in the opposite direction; primary nerve.s 
provided with Reconclaries on both sides, some of the lower secon(laries 
giving off tertiaries from the under side; nervilles distinct, close to­
gether, mostly irrp,gnlar, curved or wavy, sometimes percurrent, more 
frequently forked or obliquely joined near the middle, thl3 areolm, as 
also the interval between tl1e arches and the margin, occupied by till~ 
:network of re~qlar qqadrate meshes. 
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This remarkable form differs specifically from P. nobilis in its decid­
edly camptodrome nervation and entire margius, but especially in the 
peculiar basilar appendage above described. Til is is not preserved with 
absolute completeness in any of my specimens, but in several it is uearly 
complete, and by comparing them all there is no difficulty in under­
standing its nature. It seems to consist of a miniature reflex of the 
leaf itself projected backward over the petiole as a lobate expansion. 
It is palmately nerved like the blade, the principal nerYes entering 
the lobes. These sometimes differ in number from those of the leaf, 
amounting to six intwooftbe specimens (Pl. XVII, Fig. 1; Pl. XVIII, 
Fig. 1). The lobes also vary considerably in length and sllapl'. In 
Fig. 3, Plate XVIII, the base is wanting, the leaf is small, and the upper 
lobes are quite short, but the nervation is here very distinct and is iden­
tical with that of the other specimens. The specimen from Clear Creek 
seems also to be identical with the others in all that is essential to the 
species. The basilar appendage, which is here nearly perfect, is only 
three-lobed, but the same is true of one of the specimens from Seven 
Mile Creek (Pl. XVIII, Fig. 2). 

This basilar appendage is extremely interesting. It is not stipular, 
since it arises from the summit of a petiole of considerable length, as 
shown in Plate XVII, where 6cm. of it are preserved without showing the 
attachment. The appendage is, moreover, not bracteal, but it is aver­
itable part of the main blade, to which it is joined by a broad (1.5 to 2 
em.) neck of parenchymatous tissue. It bas very few analogues in the 
living flora, but something faintly resembling it occurs in some leaves 
of Platanusoccidentalis, so common in the valleys of nearly all the rivers of 
North America. Long before I had seen the fossil specimens I had re­
marked that certain very vigorous leaves of that tree, usually such as grow 
from young shoots about the base of stumps, exhibit a sort of basilar 
appendage somewhat resembling the lobed stipules of the same species, 
which are also most prominent on such shoots, and I bad collected and 
preserved specimens of these leaves to illustrate this pHculiarity. Upon a 
comparison of these appendages with those of tlte fossil form I find that 
they are clearly homologous. Since collecting the latter I have lost no 
opportunity to study this phenomenon in the living plant. I find 
various transitions from the naked leaves (resembling in this respect 
those of P. orientalis, in which I have never seen any tendency toward 
basilar lobation) to forms with quite large and somewhat lobed and 
nerved expansions, though the nervation seems here to be rather pin. 
nate than palmate, the intermediate forms comlisting of a more or le~s 
winged petiole. Certain stipular appendages occur, however, which 
have precisely the form and nervation of the lobes of the extiuct spe. 
eies, including the tendency to augment the number of primary nerYes 
and lobes. These are not always true leaf stipules, but appear lower 
down on the young leaf-bearing br<tneltes. In P. appendiculata Lx. 
(Foss. Pl. Aurif. Gravels, pl. iii, fig. 3) there occur large stipular append. 
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ages wholly detached from the l>lade, yet near to it-apparently a trans­
ition or intermediate form. Prof. Leo Lesquereux has recently figured 
a form from the Dakota group which still more closely resembles our 
plant so far as the basilar appendage is concerned. He calls it. an 
Araliophyllnm, but there seems no doubt of its genetic affinities with 
t lw~e forms of Platanus. The Marquis Sa porta, to whom figures of P. 
ba,ilvbata were sent, suggests its affinity with Pterospermum. 

In considering all these facts it becomes difficult to escape the con­
Yietioll that the basilar expansions of our North American species 
possess a phylogenetic significance in connection with those of the fossil 
form, and if no other result is attained, some degree of confi(l(•nce will 
be thert>by inspired that in referring these anomalous forms (e. g., P. no­
bilis) to this genus their natural relationships have been rightly divined. 

Platanus Guillelmre Gopp. 

PLATANUS GUILLELMlE Gopp., Tert. Fl. v. Schossnitz, p. 21, pl. xi, figs. 1, 2; pl. xii, 
fig. 5. Schirnpt-lr, Pal. Veg., Vol. II, p. 707. Heer, Fl. Foss. Arct., Vol. II, Pt. IV 
(Foss. Fl. N. Greenld. ), p. 473, pl. xlvii-x1ix, figs. 4b, c, d, 6b; Vol. V, Pt. II 
n~oSH. Fl. Sil.Jir.), p. 40, pl. ix, figs. 14-lG; pl. x, figs. l-4a; pl. xi, fig. 1; pl. 
xiii, figs. 5b, 6b. LesfJuercux, Tert. Fl., p. Ul3, pl. xxv, figs. 1-3. 

Plate XX, Fig. I.-Burns's Ranch, Montana; collected by Dr. White's party 
in 1~82. 

This is one of the most perfect specimens of this species that have 
been figured. Its petiole is complete, and is 3cm. In length, slightly 
dilated at the point of attachment. The leaf is small (6.3cm. wide) an<l 
agrees better with the original figures of Goppert, especially· his first 
one (Tert. Fl. v. Schossnitz, pl. xi, fig. 1 ), than any of the American 
or arctic forms. 

Platanus Raynoldsii Newberry. 

l)LATANUS RAYNOLDSII Newberry, Later Extinct Floras, pp. 30, 69; Illustrations of 
Crct. and Tert. Plants, pl. xviii. Lesquereux, Ann. Rep. U. 8. Geol. Snrv. Terr., 
1872, pp. :379, 399; Tert. Fl., p. 185, pl. xxvii, figs. 1-3. Schimper, Pal. Veg., 
Vol. II, p. 708. 

Plate XX, Figs. 2, 3.-Clear Creek, Montana; collected in 1882 by Dr. White's 
party. 

The two specimens here figured correspond well with those from 
Goldrn as represented by Lesquereux on plate xxvii of the Tertiary 
Flora. Like his, they want the upper portion aud lateral lobes. They 
are less in accord with Dr. Newberry's specimen, and differ from all 
others in the possession of a pair of quite strong and ascending uerves 
arising some distance below the insertion of the principal lateral pri­
maries aud passing upward and outward, giving off~ few Recondaries to 
the lowest teeth. 

URTICACEJE. 

FICUS L. 

Twenty species of Ficus have thus far been reported from the Lara­
mie group none of which llave been collected in typical strata of the 
Fort Union group. Upon a critical examination of these species, bow­
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ever, aH will be seen by the table in the Sixth Annual Report (p.182), I 
have referred six of them to that group. Three of these are from the 
localities of the upper districts which Lesquereux regards as equivaleut 
to tlw Laramie of Colorado, but which seem to me to form the westem 
extension of the Lower Yellowstone beds (cf. Joe. cit., p. 441); two others 
ocenr in the British American Laramie, which is without doubt a north· 
ern extension of the true Fort Union terrane, while the one remaiuing 
RJWeit>s ( F1

• wrtocarpoides Lx.), as well as one of the last named class 
(F. tUiwfoli£:t Al. Br.), is from the Bad Lands of Dakota, \vbich Mr. 
Lcsquereux regards as Miocene, but which seem to me to form a south­
ern extension of the Fort Union strata. 

Among my Fort Union specimens I have thus far found three species 
referable to that genus which, if this reference is sustained, and even if 
no others should be detected, will show that a climate existed in the Fort 
Union epoch and at the latitude of Glendive warm enough and moist 
enough to permit these chiefly tropical plants to thrive. 

Ou the other hand, four species were collected by me in the lower 
districts in 1881, and to these one is added from the collections of Mr. 
C. W. Cross, from Golden, Colo. 

Ficus irregularis Lx. 

FICUS IRREGULARIS Lx., Ann. Rep. U.S. Geol. Rnrv. Terr., 1874, p. 304; Bnlletin do., 
Vol. V, p. 368; Tert. Fl., p. 196, pl. xxxiv, figs. 4-7; pl.lxiii, fig. 9. 

ULMUS IRREGULARIS Lx., Ann. Rep. U.S. Geol. Surv. Terr., 1872, p. ::l78. 

Plate XX, Figs. 4, 5.-Golden, Colorado. 

The specimens are both from the tufa beds of South Table Mountain, 
near Golden, Colo., the first (Fig. 4) collected by :1\-fr. C. W. Cross, the 
second (Fig. 5) by myself. Mr. Cross's specimen is nearly perfect to 
abO\ e the middle of the leaf and adds considerably to our previous 
knowledge of the species; my specimen also shows the basal portion, 
but for a shorter distance. It is remarkable in having a slightly heart· 
shaped base, in so far differing from all the other specimens known, aud 
suggesting its reference to another species (c. g., F. artocarpoides Lx., 
cf. Oret. and Tcrt. Fl., pl. xlvii, figl'l. 2, 4, 5). Otherwise, however, it 
has 1 he cuaracteriRtic nervation of F. irregula'ris, including the anoma­
lous forking of some of the secondary veins. In no other specimen I 
ha,c-c Reen are the fibrillose nervilles so clearly and perfectly shown as 
in thi~ fragmcut. 

Ficus spectabilis Lx. 

FICUS srECTABILIS Lx., Anu. Rep. U. S. Geol. Snrv. Terr., 1872, p. 379; Tert. Fl., 
p. 199, pl. xxxiii, figs. 4-6. Sehimper, Pal. Veg., Vol. III, p . 595. 

Plate XXI, Pig. 1.-Golden, Colorado; collected in November, 1881, by Mr. C. 
W. Cross for Mr. S. F. Emmons. 

Tho more diRtant secondary nerves indicate the reference of thi~:; 

specimen to F. 8pectabilis rather than to F. irreguJaris, but the pcrenr· 
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rent ncrvillcs arc more like those of the latter species. As the base is 
wanting, some doubt must remain respecting its true affinities. 

Ficus Crossii, n. sp. 

Plalc XXI, Fig. 2.- Golden, Colorado: collected in 1881 by Mr. C. W. Cross for Mr. 
S. F. Emmons. 

Lea,·es medium size for the genus ( 4.5cm. wide, Scm. long), ovato­
ohlollg, wavy margiuecl; midrib thick, diminishing rapidly to the sum­
mit; secondary nerves about twelve on each side, forming an angle of 
uoo to 70° wilh the midrib, curving upward near the margin, parallel 
nn<l equidistant, occasionally forking at the point of curvature; nervilles 
pereurrent, straight, forming acute angles with the under side of the 
secondaries, regular and parallel. 

The specimen is from the coarse white sandstone beds near Golden, 
l>ut is preserved with considerable fidelity. It seems ~o have it~ nearest 
a11alogne in F. arenacea, described by Prof. Lesquereux from some un­
known locality which lJe vaguely surmises to have been in the Green 
Hiver g-ronp (see Ann. Rep. U.S. Geol. Surv. Terr., 1871, p. 300; Tert. 
Fl., p. 195, pl. :xxix, figs. 1-5). It may also be compared with ll. mu,l­
tine'r,vis Ileer (Tert. :Fl., p. 194, pl. xxviii, fig. 8, not 7), of which I have 
not sceu any specimens. It seems, however, to differ specifically from 
both these forms. 

Ficus speciosissima, n. sp. 

Plate XXI, Fig. 3.-Point of Rocks, Wyoming; gray sandstone bed nerth of station. 

Leaves large ( lGcm. wide, 18cm. long), round ovate, deeply auricu­
late-cordate, entire u1argined, strongly palmately nerved; petiole short 
(:~em.), curved or hooked, projecting little below the rounded auricles of 
the leaf, divided at the summit into three strong primary nerves, of which 
the central one retains about as many fibers as the two lateral, these 
forming a.n angle with it of about 40° and proceeding nearly straight 
to near the margin far above the middle, sending off from their outer 
side about ten well developed secondaries, the lowest of which on each 
:;;i<lc snpports six to eight tertiaries, and these in turn several nerves of 
the fourth order; upper secondaries giving off succeRsively fewer ter­
ti:tries; midrih naked for some distance above the insertion of the lateral 
primaries. then bearing three or four strong, alternate, distant nerves 
on each side, which branch in the same manner as those of the lateral 
nerves ; ~econdary and tertiary uerves arching ncar the margin by 
angular curves, from which short, straight branches go direct to the 
margin; nervilles very prominent., mostly percurrent awl curved, often 
forking, or joine<l once or twice in their course by perpendicular or 
oblique n~iulets, the rectangu1ar or trapezoidal areas thus formed fur· 
ther subdivided into fine qnadrate or somewhat polygonal meshes. 
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·rhis beautiful leaf approaches most closely in form and general ner­
vation to certain large forms of F. tilirefolia ( cf. Unger, Foss. Fl. v. 
Sotzka, Denkschr. Wien. Acad., Vol. II, pl. xlvii, fig. 2; Goppert, Palrn­
ontographica, Vol. II, pl. xxxvii, fig. 1; Heer, Tert. Fl. Helv., Vol. II, 
pl. lxxxiii, fig. 7; Vol. III, pl. cxlii, fig. 25; Lesquereux, Tert. Fl., pl. 
lxiii, fig. 8; Zwanzigar, Mioc. Fl. v. Liescha, pl. xvi, xvii), and it also 
has analogues in some species ofDombeyopsis (cf. D. Heufleriana Mass., 
Monogr. Dombeyac. Foss., plate; D. Decheni, Ludw., Palreontograph­
ica, Vol. VIII, pl. xlix, fig. 1; D. tTidens, loc. cit., figs. 2, 3); but, aside 
from the hooked petiole, this form is distinguished from all others I 
have been able to compare with it by the character of the nervation 
in its ultimate ramifications joining the arches directly to the margin. 
This character is faintly imitated in Saporta's PopuZ.us JJ[assiliensis 
(Etudes, Ann. Sci. Nat., Bot., 5e Ser., Vol. IX, pl. iii, fig. 1), and still 
more faintly in Tilia expansa Sap. & Mar. (Vcg. Foss. de Meximieux, 
pl. xxxviii, fig. 3; lVIonde des Plantes, p. 333, fig. 103, No. 5), but it 
reaches its most complete expression in certain forms of Oinuamo­
mum, Laurns, &c. (cf. Rossmassler, Verstein., pl. i, figs.1, 3, 4; Ettiugs­
bausen, Foss. Fl. v. Bilin, II, Denkscbr. Wien. Acad., Vol. XXVIII, 
pl. xxxiii, figs. 4-22; Ludwig, Palreontogr., Vol. VIII, pl. xli, fig. 51). 
'l'lH'Se leaves, however, differ widely in form from ours, but certain species 
of Oinnamomum have broad, though never heart-shaped, leaves (cf. 0. 
transversum Beer, Fl. Tert. 'Helv., Vol. II, pl. xcv, figs. 10, 12), and at 
Black Buttes Station I collected some leaves (not yet fully figured), no 
larger than those figured by Heer, which seem to combine many of the 
characters of Ficus and Cinnamomum and closely to resemble this 
species. 

Ficus tilirefolia (AI. Br.) Heer. 

FICUS 'fiLilEFOLIA (AI. Br.) Heer, 1<,1. Tert. Helv., Vol. II, p. 68, pl. lxxxiii, figs. 
3-12; pl. lxxxiv, figs. 1-6; pl. lxxxv, fig.14; Vol. III, p. 1H3, pl. cxlii, fig. 25; 
Mioc. Balt. Fl., p. :~6, pl. viii, fig. 1; p. 74, pl. xxi, fig. 12. Ettingshausen, Fl. 
Tert. v. Bilin~ I (Denkschr. Wien. Acad., Vol. XXVI), p. 156, pl. xxv, figs. 4, 5, 7, 
10;· Foss. Fl. Bmunk. Wetterau (Sitzb. Wien. Acad., Vol. LVII, Abth. I), p. 844, 
pl. ii, fig. 9. Gaudin, Gisement de Feuilles de Toscane (Nouv. Mem. Soc. Helv., 
Vol. XVI), p. 34, pl. xii, :fig 11. Unger, Syllog., I, p. 14, pl. vi, fig. 2; Foss. Fl. v. 
Szant6 (Denkschr. Wien. Acad., Vol. XXX), p. 8, pl. ii, fig. 9. Sismonda, Pal. 
Tert. dn Piemont (Mem. Real. Accad. Sci. di Torino, Ser. 2, Vol. XXII, 1865), p. 
436, pl. xvii, fig. 5. Schimper, Pal. Veg., Vol. II, p. 746. Lesquereux, Tert. Fl., 
p. 203, pl. xxxii, figs. 1-3; pl. lxiii, fig. 8 ; Foss. Pl. Aurif. Gravels, p. 18, pl. iv, 
figs. 8, 9. Engelhardt, Fl. d. Braunk. Sachsen (Preisschr. Fiirstl. Jabl. Ges.), p. 
19, pl. v, fig. 1; Tert. Fl. v. Gohren, p. 24, pl. iv, fig. 6; 'rert. Pfl. Leitmeritz. 
Mittelgeb. (Nov. Act. L. - C. Acacl., Vol. XXXVIII), p. 378, pl. xx, fig. 18; Foss. 
Pfl. v. Grasseth (Nov. Act. L.-C. Acad., Vol. XLIII), p. 298, pl. xv, figs. 1, 2; Zwan­
ziger, Mioc. Fl. v. Liescha, p. 52, pl. xvi-xviii, figs. 1-3. Pilar, Fl. Foss. Suse­
dana, p. 54, pl. viii, fig. 5. Velenowsky, Flora Vrsovic., p. 2t:l, pl. vi, figs. 1-4. 

CoRDIA¥ TILLEFOLIA Al. Br., Leonh. & Bronn, N. Jahrb. f. Min., 1845, p. 170. 

Plate XXII, Fig 1.-Bnrns'li Ranch, Wyoming. 
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TLn~; far ouly one specimen has been found in the collections that 
~eems to lJe referable with considerable certainty to this widespread 
and variahle species, anrl if the genus occurs at all in the Fort Uni011 
group this species is the one that might be most naturally looked for. 
The leafis a little one-sided and the midrib turned to one side near the 
lm~e, like tnauy specimeus of that species, and bat for the somewhat 
alternate chm·acter of the lower pair of nerves it would closely resemble 
some of the forms figure(l lly Hecr (FL Tert. Helv., pl. lxxxiii, lxxxiv). 
It also forcibly recalls l.~esquereux's F. tenuiner,vis (Cret. and Tert. Fl., p. 
HH, pl. xliv, fig. 4) from Alkali Stage Station near Green River, but the 
11ervation i~ much stronger. While I have referred it with considera­
ble confidence to Ficus, it is proper to say that forms that have been 
placed i11 otlJer genera. base many characters in common with it. This 
is especially the case .with certain leaves in the Leguminosoo, and no­
tably with Sa porta's Phaseolites fraternus (Etudes, .Ann. Sci. Nat., Bot., 
5e Ser., Vol. IV, 1865, pl. xiii, fig. 11) and Unger's P. oligantherus (Syllog. 
II, pl. vi, figs. 8, 9); also with Unger's Dolichites maximus ( op. cit., .Pl. 
viii). Certain species of Uinnamomum also approach it very nearly in 
some respects, particularly 0. polymorph'ttm transversum ( cf. Sa porta, 
Etudes, op. cit., Vol. IX, pl. v, figs. 3, 4). 

Ficus sinuosa, n. sp. 

Plato XXII, Fig. 2.-Black Buttes Station, Wyoming. 

Leaf lanceolate, oblique,. and sinuate, acute at both ends, 1.5cm. wide, 
5cm. long, entire; nervation distinct, pinnate, camptodrome; midrib 
strong, sinuate in two curves to follow the center of the leaf; second­
ary nerves about ten on each side, all except the short upper ones 
opposite, proceeding from the midrib at an angle of Mio, curving up­
ward in passing toward the margin, near which they arch and anas­
tomose with one another, often giving off fine veinlets from the summit ot' 
the arches, which curve close to the margin, forming a partial second 
row with smnll rhomboidal meshes, the lowest pair finer and making a 
less angle with the midrib; nervilles distinct, simple, straight, percur­
rent,· joiuiug tbe secondaries at right angles. 

The petiole of this specimen is not preserved, but the blade has so 
many of the characters of Ficus that it seemed necessary to refer it to that 
genus. There. are certain small lanceolate forms of F. tiliwfolia which 
it approaches in some respects (cf. Heer, Fl. Tert. Helv., pl.lxxxiii, fig. 
5). One of tbe specimens referred by Lesquereux (Tert. Fl., pl. lxiii, 
fig. 4) to Ettingshausen's F. Dalrnatica is somewhat sinuous and other­
wise resembles ours, but in the original from Monte Prom ina (Denkschr. 
Wien. Acad., Vol. VIII, pl. vii, fig. 11) the resemblance is less marked. 

Among the figures belonging to other genera which I have been able 
to compare the nearest analogues are: Rhus zanthoxyloides Ung. (Foss. 
Fl. v. Kumi, Denkscbr. Wien. Acad., Vol. XXVII, pl. xiii, fig. 28) .. 
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Rhamnus Decherti vVeb. (Palmontogr., Vol. II, pl. xxiii, fig. 2d), and Quer· 
cus Lamberti Wat. (Pl. Foss. du Bassin de Paris, pl. xxxv, fig. 5). In 
the first twf> cases the finer details of the nervaLion are wauting, while 
that of our specimen does not agree with either Rhus or Rhamnus as well 
as with Ficus. As to the third case, where the nervilles are well shown 
and are characteristic of Quercus, they differ entirely from those of onr 
specimen. The smaller angle, formed by the lowest pair of secondarit·~, 
is suggestive of the LauriuL·m, but it is also a common character of Fie us, 
and upon the whole this seems the safest reference. 

Ficus limpida, n. sp. 

Plate XXII, Fig. 3.- Clear Creek, Montana. 

Leaf lanceolate, pointed at both ends, falcate at the summit, dentate 
to near the oblique base, short petioled ; nervation craspedodrome; 
midrib rather slender~ curved in opposite directions below and above; 
secondary nerves, six on each side, proceeding from the midrib at 
an angle of soo and gently curving upward in passing to the margin, 
alternate, the lowest giving ofl' six or seven distinct tertiary nerves, 
which directly enter the teeth, several of the next higher ones provided 
with similar branches near their extremities, the uppermost simple; 
nervilles straight, simple, percurrent, close together and parallel, 
slightly tremulous-wavy, joining the secondaries to one another and 
also to the midrib. 

On reconsidering the diagnosis made of the leaf in July, 1885, for the 
purpose of assigning a uame to it in the list of types figured in the 
Sixth Annual Report, I find reason for doubting whether I should have 
referred it to Ficus rather than to Viburnum. Much of the margin is 
wanting, and it will probably be impossible to settle the question with­
out more and better material. 

Ficus viburnifolia, n. sp. 

Plate XXII, Figs. 4-8.-Clear Creek, Montana. 

Leaves thick and coriaceous, round -ovate, obliquely heart shaped, den­
tate above, with short broad teeth or nearly entire below; nervation very 
strong, forming deep depressions or pro min en t ridges in the rock, pinnate; 
midrib very thick below, rapidly diminishing above, usually much to 
one side of the middle, sometimes curved towards the ua.rrower side; 
secondary nerves nnmerons (six or eight on each side), the lower ones 
very strong, several crowded together at and near the base of the leaf, 
the lowest passing downward and outward nearly parallel to the mar­
gin of the lobes, the others passing outward and curving upward, those 
on the narrower side of the leaf nearly straight, all more or less sym­
podially branched or forked, the ultimate ramifications entering the 
teeth or often curving near the margin anti anastomosing with one an-
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other, forming arches from which small nerves pa::;s iuto th0 teeth; 
nervilles very conspicuou::; (deeply furrowing the matrix, in which in 
some cases the silicified. tissue is well preserved), close together, pereur­
rent, straight, simple, or rarely forked, joining all the other nerves nearly 
at right angles. 

These :fine and in many respects remarkable specimens were all ob­
tained at Olear Creek, the one represented by Fig. 4 by Dr. vVhite in 
1882, the rest by myself a year later. They occurred in immediate astSo­
ciation with the abundant Viburnum leaves to be described. later ou, 
which, as will be seen, vary greatly among themselves and seem to ap­
proach those we are now considering in some of their extreme fonm:;. I 
had been struck from the first by the peculiarity in nearly all tlw Olear 
Creek specimens, that the lower secondaries were iuclined to conYerge 
and huddle together near the base, not at a single point, but aloug a 
small portion of the midrib, and as these leaves exhibited the same eLar­
acter I was at first disposed to class them with the rest. On :fi]l(lii1g' 
the two very one-sided specimens, however, represented by Figs. 5 awl 
8, my attention was specially attracted to their mar]{ed analogy in gen­
eral form to some species of Ficus (cf. F. tilimfolia Unger, Foss. Fl. Y. 

Sotzka, Denkschr. Wien. Acad., Vol. II, pl. xlvi, figs. 4, 5; Heer, Fl. 
Tert. Helv., Vol. II, pl. lxxxiii, figs. 41 10, 11; pl.lxxxiv, figs. 1-3; Sis · 
monda, Terr. Tert. du Ph3mont, Mem. Reale Accad. Sci. di Torino, VoL 
XXII, pl. xvii, :fig. 5). The last specimen (Fig. 8) is the only one whieh 
presents the under surface of the leaf, showing the nervation in rclid', 
and along with other differences it seems to have the border entire nil 
round, whereas the rest are clearly dentate to below the mi<ldlr, and, 
although it has been drawn as if entire, it is fair to say that some doubt 
is admissible as to whether this appearance may not have been due to 
the margin having been somewhat recurved at the time it was imbedded 
and to the failure of this dentate portion to be preserved. Were I not 
inclined to this view, I should feel compelled to separate this specimen 
from the rest and refer it to F. tiliccjolia. But, assuming them all to 
have been more or less dentate, such a reference is inadmissible, while 
at the same time the similarity of the nervation to that of Ficus is too 
great to be ignored. I have therefore decided for the present to regard 
them as belonging to that genus and to emphasize their general resem­
blance to the Viburnum leaves of Clear Creek by the specific name 
given to the plant. 

That the possession of teeth cannot be regarded as conclusive against 
this being a Ficus is shown by the existence of many dentate species, 
both living and fossil, including the best known species of all, F. Carica,, 
the :fig tree proper, and M. Gaudin has described a fossil state of this 
species from the diluvial travertines of Tuscany which preRents a nerva­
tion strikingly similar, in some respects, to the leaves under considera­
tion (cf. Contr., IV, pl. iv, figs. 1-4). 
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While it does not seem possible to find any forms, either living 
fossil, that combine all the characters of these leaves, there are se 
genera outside of Ficus which sometimes exhibit some one of th 
The general form, for example, is not unlike that of Grewia (ef. Heer, 
Fl. Tert. Helv., pl. cix, Figs. 12, 12b, 12c; pl. ex, Figs. 1-13), lmt here 
the nC'rvation is strictly palmate and the primary nerves all proceed 
from one point at tile summit of the petiole. The diehotomous be­
havior of the secondary nerves in our leaves is closely imitated by 
Grewiopsis Haydenii Lx. (Oret. Fl., pl. iii, Fig. 4), also hy some Vibur­
JIUnts (ef. V. Schmidtianum Ueer, FL Foss. Arct., Vol. V, Pt. III, Prim, 
Fl. Foss. SaclJaL, p1. xi, Figs. 9, 10). The very thick base of the mid­
rib, rapi<lly parting with its fibers to the numerous lateral nerves crowded 
together there as well as some other characters, best slJown in Fig. 6, 
is not unlike Newberry's slill unassigne<l Ph?Jllites carneosus (Illustra­
tions of Cret. and Tert. Plants, pl. xx \'i, Figs. 1, 2). These characters 
also remind us of Oredncria and Protophyllum. Finally tlte peculiar 
one-sided ness of some of these leaves and the con seq ueut dissimilarity 
of tlJe nervation resemble Sa porta's Alnus sporadurn Phocmensis (Etudes, 
Ann. Sci. Nat., Bot., 5e Ser., Vol. IX, pl. ii, fig. 5). 

ULMUS L. 

The Clear Creek beds contained leaves of this genus scattered very 
sparingly among those of Viburnum. rrhough few in number, they are 
different in form uoth from one another and also from any other forms 
that haYe ueen descriued in a fossil state. _I Lave been compelled to 
regard them all as new awl to group them under four different specific 
heads. 

Ulmus planeroides, n. sp. 

Plate XXIII, Figs. 1, 2.-Clear Creek, Montana. 

Leaves ovate-lauceolate, 2.3cm. wide, 5 to 8 em. long, pointed, oblique 
at the base, sharply and somewhat doubly crenate-dentate to near the 
base, unequal-sided; midrib straight or slightly cnrve<l; secondary 
11erves approximate and parallel, thirteen to seventeen on each side, 
rna king an angle of 50° to 60° with the midrib, slightly curving upwartl 
near tlle margin, terminating near the teeth, simple or once or twice 
forking near their extremities, the branches from the lower side smaller 
and proceeding to the sinuses, intermediate branches occasionally enter­
ing the subordinate teeth ; nervilles very faint, percurrent, forke~, or 
irregnlnr and broken, often proceeding from the midrib as light inter­
calary nerves. 

Of tpis species three specimens have been thus far found in the col­
lection, two of which are figured. The petiole is wanting in all the 
specimens, and the point is preserved in only one (Fig. 2), where it is 
obtuse. The base is preserved in the specimens figured aud is irlentical 
in both. They difl'er, however, considerably in length and in the num-
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her of secondary nerves, but this is not regarded as a specific distinc­
tion. 

Ulmus Oalijornica Lx. (Foss. Pl. Aurif. Gravels, pl. iv, figs. 1, 2; 
Oret. and Tert. Fl., pl. xlvB, fig. 3) has somewhat the sarne form of leaf 
as our specimens, but the nervation differs in the sim pier 8econdaries, 
while the dentation is not at all double. ln U. discerpta Sap. '(Etudes, 
A.nn. Sci. N:J.t., Bot., 5e Ser., Vol. Vlll, pl. vi, fig. 4) the dentation and 
the nervation are similar, but the form, so far as can be gathered frolll 
the figure of the incomplete specimens found at the Bois d' Assou, is 
quite different. 

Ulmus minima, n. sp. 

Plato XXIII, Figs. 3, 4.- Clear Creek, Montana. 

Leaves lauceolate or linear, very smap (6 to lOrnm. wide, 2 to 3em. 
long), slightly cun'ell aU<.l one-sided, simply or so mew bat doul>ly ser­
rate, oblique at tlte l>ase; midrib curved; secondary nerves nearly aH 
opposite, about ten pairs, short, parallel, formiug an augle of 50° \\'ith 
the midrib, more or less branched from the under side, the short branches 
running iuto the sinuses; nervilles indistinguishable. 

Small as these leaves are they seem to have the essential characters 
of Ulmus and are confideutly referred to that genus. Of the sixteen 
or eighteen liviug species and tweuty five or thirty fossil oues thus far 
known, not more than one or two are as small, and these have a greater 
amplitude in proportion to their length. I am therefore compelled to 
.regard these forms a~ representing a new and extinct species. The 
fragment figured by Lesquereux, from Middle Park, Colorado, under 
the uame of Rhus .Evansii (Tert. Fl., pl. l, :fig. 4) approaches our form 
very closely, but lacks tLe tertiary nerves going to the sinuses, charac­
teristic of Ulmus, which might have merely been indistinguishable on 
the specimen. I have JJOL bad an opportunity to examine this point, 
as the specimen is not in the collection of the ~ational Museum. 

Ulmus rhamnifolia, n. sp. 

Plate XXIII, Fig. 5.- Clear Creek, Montana. 

Leaf rather large ( 4.7 em. witle, 9 to lOem. long), nearly l'qual-sided, 
~carcely oblique at the base, oblong-ovate, creuate-denta te to near the 
base, with short and somewhat l>lnut, broad teeth; midrib stroug, 
straight, dimiuishiug very gradltally towards the summit; secondary 
nerves numerous (twelve or more on each \Si(le), approximate, parallel, 
making an augle of 500 to GOO with the midrib, slightly curving upward, 
the two or three lowest pairs opposite, the lowest pair close to the base, 
simple and slender, the rest more or less branche<l from the under si<le 
near their extremities, the tertiaries passing iuto the sinuses or iuto iu­
termediate teeth, which are nearly as long as those tb at receive the 
main bran0hes? nervHles distinct, parallel, percurrent, mostly strai~ht 
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and simple, sometimes forked or crossed at right angles, those from the 
midrib curved or bent to join the secondary below. 

The petiole, upper portion, and a considerable part of the margin of 
this otherwise finely preserved leaf are wanting, and but for the faet 
that the sinuses that are shown nearly all have tertiary uerves run­
ning into them there might have been some doubt as to what genu~ it 
represented. The form and general aspect, however, as well as the 
nervation, are decidedly those of Ulmus. · 

Ulmus orbicularis, n. sp. 

Plate XXIII, Fig. 6.- Clear Creek, Montana. 

Leaf orbicular, large (Scm. in diameter), nearly equal-silled, irregn· 
larly doubly serrate to near the l>ase, which is entire, lwrizoutal, and 
apparently decurrent on the petiole, forming wings at its apex; mid­
rib thick below, rapidly diminishing in passing through the leaf; sec­
ondary nerves strong (deeply furrowing the rock), close together, par­
allel, subopposite, leaving the midrib at an angle of 600 to 700, umch 
curved upward in passing across the broad parench.}·ma, the lowest pait· 
sending off three to five tertiaries, the rest provided with short branche8 
from the under side near their extremities, which enter tl1e snhordinate 
teeth and the sinuses; nervilles conspicuous, some\vhat irregular, mosti,v 
percurrent, sometimes furcate, joining the secondaries nearly at right 
angles. 

This enigmatic leaf-print wants the entire upper portion, lmt from 
the great curYature of the upper secondaries it seems certain that it 
was not attenuated at tlte apex, and may have even been concave or 
emarginate above. I am not sure that this may not have been due to 
a diseased state of the leaf, as I have seen cases among liviug plauts, 
e. g., in Fraxinus, where, by some early injury to the uormallypoiuted tip, 
it had become retuse and the abnormal growth bad gone so far as to carry 
the upper neiTes round· and in toward the center at tile apex, ruuch as 
this leaf seems to have grown. Still the present leaf is otherwise Yery 
symmetrical, and thi5 may well haYe been its normal form. The potioln 
is absent, but the downward curvature of the margins on both sides of 
tbe miUrib at the base of the leaf seems to show tit a,t its upper portiou 
at least was winged. The general character of its nenTatiou alld <leu­
tation is that of Ulmus, but the form is anomalous. I ha,Te faile1l to 
find either in the living or in the fossil flora any near analogues to this 
specimen. 

LAURINE.IE. 

LAURUS L. 

The nervation of tbe leaves jn the Laurinere, while it is generally 
fairly characteristic of the order, often fails to distinguish the genera, 
~ill(l ~heret'ore considerable uncertainty mqst remain iu mao;y ca5efJ 
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where, as i::; usually the case, only leaf impressions exist from which to 
make the diagnosis. The two species which I reganl as belonging to 
Laur·us agree well enough with forms already figured and de scribed to 
make it possible to refer them to such, whateYer may be the doubts as 
to the probability that the same species thrived at snch widely sepa­
rated parts of the world. 

Laurus resurgens Sap. 

LAmms (0REODAPHNE1) RESURGENS Sap., Etudes, Ann. Sci. Nat., Bot., 5e Ser., Vol. 
IV, p. 132, pl. vii, figt;. ~lA, 9B; Vol. VIII, p. 78, pl. vii, fig. 5. 

DAPUNOGENE AFI<'INIS Sap., Exarnen Analytique, &c. 1 p. 45. 
0REODAPUNE1 n.gt)URGENS Scliirnp., Pal. Veg., Vol. II, p. 848. 

Plate XXIII, Fig 7.-Bnll Mountains, Moutaua; collected uy Dr. A. C. Peale iu 
11:!83. 

'fhe finer details ·of the nervation in this leaf are nearly identical 
with those represented ~y Saporta in plate vii, figs. UA aud 9B, of his 
Flora of Armissan. In fig. 9B tlle midrib is somewhat cnrve<l, but not 
abruptly bent as in our specimen. lu Sapind1ts Rotarii .Mass. (Fl. Foss. 
tlel Scnigal., pl. xi v, fig. 4), we have a similar form of round arches with 
concentrically arranged-uervilles, but in this the lower secondary nerve:-; 
differ from the type of the Laurinere. 

Laurus primigenia U ng. 

LAURUS PRIMIG~NIA Uug., Gen. et Spec., p. 423; Foss. Fl. v. Sotzka (Deukschr. 
Wieu. Acad., Vol. Il), p. 168, pl. xl, figs. 1-4; Sylloge, III, p. 72, pl. xxii, fig. 1H; 
Ji'oss. Pl. v. Kumi(Deukscl.J.r. Wien. Acad.,Vol. XXVII), p. 55, pl. viii, figs. 1-7. 
Ettingshausen, Foss. Pfl. v. Heiligenkreuz uei Kremnitz (Abb. K. K. Geol. Reichs­
mlAtalt, Vol. I), p. 8, pl. ii, figs. 1, 2; Tert. Fl. Steiermark's (Sitzb. Wicn. Acatl., 
Vol. LX, Abtb. I), p. 58, pl. iii, figs. 11-llo. Weber, Palmontogr., Vol. II, p. 181, 
pl. xx, figs. 6a, 6b. Heer, Uebersicllt d. Tert. Fl., p, 55; Fl. Tert. Helv., Vol. II, p. 77, 
pl. lxxxix, fig. 15; Vol. III, p. 184, pl. cxlvii, fig. 10o; pl. cliii, fig. 3; Proc. Acad. 
Nat. Sci. Philadelphia, Vol. X, 1858, p. 265; Sachs.-Thiiriog. Branok. Pl., p. 7, 
pl. vi, figs. 12i, 12k; p. 19, pl. ix, fig. 8; Foss. l!-,1. of Bovey-Traccy (Phil. Trans. 
Roy. Soc. London, 18G2), p. 1062, pl. lxv, fig. 6; Braunk. Pl. d. Zsily-Thalcs, p. 
Hi, pl. iii, figs. 4,5, 6; Fl. Foss. Arct., Vol. VI, Pt. II (Nachtr. Foss. Fl. GroulaJHls), 
p. 12, pl. iii, figs. Sa, 9-13. Sismonda, Pal. Terr. Tert. du Piemont (Mem. R. 
Accad. Sci. di Torino, Ser. II, Vol. XXII, 1865), p. 431j, pl. ix, fig. 2o; pl. x, fig. 5. 
Saporta, Etudes, Ann. Sci. Nat., Bot., 4e Ser., Vol. XIX, pp. 20, G6; pl. vi, figs. h, 

5A; 5e Ser., Vol. III, p. 93, pl. iii, figs. 8, SA; Vol. IV, p. 126, pl. vii, fig. 7; Vol. 
IX, p. 38, pl. iv, figs. 7, 8; Monde des Plantes, p. 384, fig. 116, Nos. 1-3. Engel­
h~rdt, Fl. d. Braunk. im Sachsen (Preisscl.J.r. Jablonowsk. Ges. 1870), p. :!0, pl. 
v, fig. 3; Foss. Pfl. v. Tschernowitz (Nov. Act. L.-C. Acacl., Vol. XXXIX), p. 38:!, 
pl. xxiii, fig. 5; Foss. Pfl. v. Grasseth (op. cit., Vol. XLIII), p. 300, pl. xvi, figs. 
4, 5; Tert. Fl. Leitmeritz. Mittelgebirges, p. 3GO, pl. xvii, figs. 5-7; p. ~82, pl. xxi, 
fig. 5; p. 405, pl. xxvi, fig. 9. Lesquereux, Ann. Rep. U. S. Geol. Snrv. Terr., 
1872, p. 406; Tert. Fl., p. 214, pl. xxxvi, figs. 5, 6, 8. Schimpcr, Pal. Veg., Vol. 
II, p. 818. Marion, Pl. Foss. de Ronzon (Ann. Sci. Nat., Bot., 5e Ser., Vol. XIV), 
p. 348, pl. xxii, ftg. 19. Velenowsky, Fl. v. VrHovic, p. 30, pl. v, figs. 1-.5. Pilar, 
Fl. Foss. Snsccla.na., p. 68, pl. ix, fig. 5; pl. x, fig. 8. 

Plate XXIII, Figs. 8-1'{}.-Carbou Station, Wyoming (Fig. 8), Poiqt of Ro~ks 1 
Wyorn.iii~ 1 wh.it@ sa.qd.~tout~ 1e<l e;:J.st of Ktation ( Fi~s, 91 10}1 
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These specimens represent two of the forms which this polymorp 
species assumes. The Carbon specimen (INg. 8) is identical in 
with those figured by Beer from the Zsily-rrhal (pl. iii, figs. 4-G; 
also, Saporta, Etudes, Ann. Sci. Nat., Bot., 5e Ser., Vol. IX, pl. iv, 
7, 8), while the Point of Rocks specimens (Figs. 9, 10) belong to 
section of Ett.ingshausen's L. phreboides (Foss. Fl. v. Wien, p. 17, 
iii, fig. 3), agreeing even still more exactly with the specimens from St. 
Jean de Garguier (Ann. Sci. Nat., Bot., 5e Rer., Vol. liT, pl. iii, fig. 8). 
These latter constitute an arldition to the already so well worked white 
sandstone bed at Point of Rocks. 

It is not difficult to find many analogues of these elongated h~a ves be­
longing to widely different families of plants, aml among such Eugenia 
Hmringiana Ung. {Sylloge, III~ pl. xviii, figs. 8, 9), Oallistemophyllum, 
mela.leucmforme Ett. (Foss. Fl. v. Bilin, III, pl. liv, figs. 1-3), Hippo­
phai;' striata Ludw. (Palrnontogr., Vol. VHf, pl. xlil .. , fig. 4), and Apo­
cynophyllum lanceolat~tm Ung. (Foss. Fl. v. Sotzka, p1. xliii, figs. I, 2) shn­
ulate onr leaves more or less both in form atHl nervation. The Carbon 
specimen may also be compared with some other species of Laurus, a~, 
e. g., with L. Oanar'iensi.(/ pliocenica Sap. (V eg. Foss. de Meximieux, pl. 
xxYii, fig. 6), and also with other lauraceous forms, such as Tetrantltera 
sessilijlora Lx. (Tert. Fl., pl. xxxv, figs. Sa, 9). 

Baron von Ettingshausen considers Fig. 9 as corresponding- more 
closely to L. ocotemfolia Ett. and the others as belonging to an allied 
species rather than to L. primigenia. The forms would thus embrace 
two new species. 

LITS.lEA Lam. 

The nervation of this genus, which now includes Tetranthera, is very 
similar to that of Laurus, but still nearer to that of Ocotea (Oreodaphne 
Nees) and Persea. Our forms, of which only one is figured, may 
belong to one of the latter almost as well as to Litsrea. 

Litsrea Carbonensis, n. sp. 

Plate XXIV, Fig. 1.-Carbou Station, Wyoming. 

Leaf lanceolate, 5cm. broad, somewhat abruptly taper-pointed, entire, 
with slightly irregular or wavy margins; midrib strong, flexuous above; . 
lateral primary nerves ascending and approaching the margins above 
the middle, anastomosing with the first pair of secondaries, which are 
separated from them on the midrib by a long internode and proceed at 
a much greater angle ( 40°) ; secondaries only two on each side, the 
first pair nearly opposite, the upper pair alternate, making an angle of 
60° with the midrib, joined near their extremities by those from below; 
nervil1es joining the midrib and primaries to one another and to the 
secondaries, usually curved or geniculate, often forked, joined, or . 
crossed by veinlets, meeting them at different angles. 

14is species closely resembles Tetran;~hera prmoursoria Lx. (Oret. and_ 
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Tert. Fl., pJ. xlviii, fig. 2), from the Bad Lands of Dakota, but as in 
that specimen the summit was wanting an<l the base preserv('d, while 
in ours the base is wanting and the summit preserved, it is not possible 
to institute a thorough comparison. In that figure, however (the speci­
men I have not seen), t.here are three pairs of opposite secondary nerves, 
and the lateral primaries are drawn much more slender than they are 
in the Carbon plant, and from the part preserv-ed it seems probable that 
the summit of that leaf was rnnch shorter-pointed. Perhaps an even 
closer approximation to our leaf occurs in Oreodaphne Heerii Gaud. 
(Gisements, Nouv. 1\Him. Soc. Helv., Vol. XVI, pl. x, fig. 7; repro­
duced in Saporia, Veg. Foss. de Meximieux, pl. xxvi, fig. 9), though 
here also the point is 'much less slender and no sign of the character­
istic glands at the base of the lateral nerves is visible in our specimen. 

CINNAMOMUM Blume. 

An almost exclusively tropical genus, embracing about fifty species, 
confined to the Old vVorld, but ranging on both sides of the equator. 
Fossil representatives are abundant in the Tertiaries of Europe, espe­
cially in the Eocene, but forms. are reported as low as the Cenomanian. 
Tlw four species of the Laramie thus far described argue a warm eli · 
mate. 

Cinnamomum lanceolatum (Ung.) Heer. 

CINNAMOMUM LANCEOLATUM (Ung.) Heer, Fl. Tert. Helv., Vol. II, p. 86, pl. xciii, figs. 
6-11; Foss. Fl. Bovey-Tucey (Phil. Trans. Roy. Soc. London, 1862), p. 1063, pl. 
lxvii, figs. 1-R, pl. 1xviii, figs. 14, 15; Braunk. Pfl. v. BorusUklt (Auh. Naturf. 
Ges. z. Halle, Vol. XI, 1869), p. 16, pl. iii, figs. 2a, 2c; Mioc. Dalt. Fl., p. 77, pl. xxii, 
figs. 14-17; Braunk. Fl. d. Zsily-Thalcs, p. 17, pl. iii, fig. 3. Massalongo, Synops. 
Fl. Foss. Senog., p. 62; Fl. Foss. del Senigal., p. 265, pl. viii, figs. 'l, 3, 4; pi. 
xxxiii, fig. 9. Ludwig, Palmontogr., Vol. VIII, p. 109, pl. xliii, figs.1-7. Saporta, 
:etudes, Ann. Sci. Nat., Bot., 5eSer.,Vol. IX, 1868, p. 40, pl. iv,:figs.ll-16. Sismonda, 
Pal. 'fert. du Piemont, p. 440, pl. xxiv, figs. 5, 6; pl. xxvi, fig. 7. Unger, Foss. Fl. 
v. Kumi (Denkschr. Wien. Acad., Vol. XXVII), p. 54, pl. vii, figs. 1-10. Ettings­
bausen, Foss. Fl. d. Wetterau (Sitzb. d. Wien. Acad., Vol. LVII, Abth. I), p. 850, 
pl. iii, figs. 4, 5; Foss. Fl. v. Bilih, II (Denkschr. Wien. A cad., Vol. XXVIII), p. 198, 
pl. xxxiii, figs. 7-9, 13, 16, l6b. Engelhardt, Fl. cl. Branuk. Sachsen (Preisschr. 
Jablonowsk. Ges., 1870), p. 20, pl. iv, figs. 11, 12; Cyprissch. Nordbohm. (Sitzb. 
Naturw. Ges. Isis, 1879), p. 10, pl. vii, figs. 22,23; Foss. Pfl.. v. Grasseth (Nov. 
Act. L.-C. Acad., Vol. XLIII), p . 304, pl. xii, fi·g~. 11, 14, 15; pl. xiii, figs. 10, 12; 
pl. xviii, figs. 1-5. Schimper, Pal. Veg., Vol. II, p. 842. Lesquereux, Tort. 
Fl., p. 219, pl. xxxvi, fig. 12. Pilar, Foss. Fl. Susedana, p. 61, pl. xi, figs. 2, 4, 12, 
14T, 15. 

PHYLLITES CINNAMOMEUS Rossm., Verstein., p. 23, pl. i. 
DAPHNOGENE LANCEOLATA Ung., Gen. et Spec., p. 424. 

Plate XXIV, Fig. 2.-Hodges Pass, Wyoming. 

Notwithstanding the fact that only two doubtful specimens, Nos. 315. 
(Lesquereux, Tert. Fl.,- p. 219, pl. xxxvi, fig. 12) and 790 of the National 
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Museum collection, have to my knowledge been thus far 
American strata, I nevertheless was compelled to refer this form to 
species on account of its great general resemblance to so many of 
European specimens. As Prof. Lesquereux's specimens were found 
Evanston and as I have considered the Hodges Pass beds as a 
extension of the Evanston coals, the discovery of the same form at 
places is not perhaps surprising. It must, howeYer, be admitted 
our plant differs from all others thns far published in its greater 
and size. Although wanting the summit there are 11 centimeters of 
still preserved, and the specimen indicates tbat the leaf must lmve 
nearly or quite 15cm. long, while its width is about 2.5cm. Rossmass· 
ler's original specimen, as reconstructed at the base by himself (Verstein., 
pl. i, fig. 2), and which is one of the largest figured anywher<', is llcm. 
long by 2.8cm. wide. The Evanston specimens indicate a leaf not more 
than 8 or 10 em. long. In most other examples, too, tbe lateral prima.· 
ries are exactly opposite, which is not the case here, though they are 
nearly so. Otherwise there is no material divergence iu the nervation, 
so far as it is exhibited in the specimen, but as the matrix in which it 
was embedded is a very coarse sandstone tbe finer detaiJ.s of nervation 
are not visible and only a very few nervilles can lJe made out. The 
Marquis Saporta, to whom figures were sent, is tllercfore doulJtless cor· 
rect in regarding this as a distinct species. · 

? Cinnamomum affine Lx. 

rCINNAMOMUM AFFINE Lx., Am. Journ. Sci., 2cl Ser., Vol. XLV, 1868, p. 206; Ann, 
Reps. U.S. Geol. Surv. Terr., 1867, 186tl, 1869, p. 19G; 1870, p. :18:3; 1H72, 383,81:l7; 
Ul73, p. 401; Tert. Fl., p. 219, pl. xxxvii, figs. 1-5, 7; Cret. and Tert. Fl., p. 25~1 
pl. lviii, fig,. 9. 

Plate XXIV, Figs. 3-5.-Black Buttes Station, Wyoming. 

So referred in the Sixth Annual Report, pl. xlvii, figs. 1-3, !Jut Prof. 
Lesquerenx would refer them to Ficus and not to Cinnamomum. Tucy 
would t,hen fall into the section with F. planicostata, Lx., but after ex­
amining a large number of unfigured specimens of that species and it8 
varieties, as well as of F. spectabilis in ·connection with the types and 
figures, I conclude that the species is new. 

There are in tLe Museum collection a number of unfigured specimens 
(Nos. 312 a, b, c) of Cinnarnomum affine, from Point of Hocks, Wyomiug, 
at least one of which (312b, Lesquereux's private number 14!)9) J1as tlw 
lateral .primaries joined to the margins below the abrupt expansion of 
the blade, precisely as in our Fig. 1. These must be specifically id~n­
tical with the Black Buttes specimens, to whatever genus it be thought 
proper to refer them. 

There is considerably more material in the co1lection, and after it has · 
all been more thoroughly studied and figured more light will probably 
be thrown upon the affinitiAs of this plant. 
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DAPHNOGENE Ung. 

This genus is only provisional, no fruits having as yet been discov­
ered. Eighteen species are retained by Schimper in his Paieontologic 
Vegetal e. 

Daphnogene elegans Wat. 

DAPIINOGENE ELEGANS Wat., Pl. Foss. de Paris, p. 180, pl. li, figs. 5, 6. Saporta, Fl. 
Foss. de Sczanne, p. (80) 368, pl. (viii) xxix, :fig. 11. Schimper, Pal. Veg., VoL 
II, p. 851. 

Plate XXV, Fig. 1.-Black Buttes Station, Wyoming. 

The only important differenc~ that separates this . specimen from the 
only other two known, as tlescrilJed and figured in the works cited, is the 
smaller angle which the secondary nerves mah:e with the midrib. As 
none of the authors regard the generic reference as at all settled and 
as our leaf doubtless belongs to the Laurinem, 1t is perhaps as well to 
leave it here until better material shall justify a change. 

MONIMIACEJE. 

MONIMIOPSIS ~ap. 

The genus Monimia, from the resemblance to which certain fossil 
forms have been called by this name, is confined, so far as lmown, to the 
Mascarene Islands of the Indian Ocean aud embraces only three species, 
but two fossil species from Hmring in Tyrol (Oligocene) have been re· 
fcrred to it. To the extinct genus three species are referred by Saporta, 
nll from the Paleocene of Sezanne. It would be something of a con­
firmation of the alleged homotaxy of the Laramie group with this Pale­
ocene flora if undoubted specimens of these species should be found to 
occur in it. This, however, is not claimed for tl10 two following forms. 

? Monimiopsis amborrefolia Sap. 

¥ l\1oNil\UOPSIS AMBORlEl<'OLIA Sap., Foss. Fl. de Sezanne, p. (73) 361, pl. (viii) xxix, 
fig. 13. Schimper, Pal. Vcg., Vol. II, p. 765. 

Plate XXV, Fig. 2.-Seven Mile Creek1 Montana; Sapindus bed. 

Except in size this specimen agrees remarkably well with that of 
Saporta, far better than with anything else with which I have thus far 
been able to compare it either in the fossil or in the living flora, and this 
mere difference of size, especially where so few specimens are known, 
cannot be regarded as specific. The base of our leaf is more oblique 
aml there is a sort of notch in the border on one side, but the latter 
probably represents a nat.ural defect not common to other leaves of the 
speciPs. The improbability that a species should have such a wide 
range is the chief objection to the reference made. 

For analogues in other families bearing more or less resemblance to 
this leaf, see Euonymus Proserpince Ett., Foss. Fl. v. Bilin, III (Denk­
schr. Wicn. Acad., Vol. XXIX), pl. xlviii, figs. 6, 7; Oelastrus fraxini· 
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foU~ts I1x., Cret. and Tert. Fl., pl. xl, fig. 10; Juglans allcalina Lx., Tert. 
Fl., pl. lxii, figs. 6, 7; aiHl m;en Alnus cardiophylla, Sap., Fl. Foss. de 
Sezanne, pl. (xv) xxxvi, fig. 8. 

? Monimiopsi~fraterna Sap. 

?MoNIMIOPSIS FRATERNA Sap., Fl. Foss. de S6zanne, p. (74) 362, pl. (viii) xxix, fig. 
14. Schimper, Pal. Veg., Vol. II, p. 765. 

Plate XXV, Fig. 3.-Seven Mile Creek, Montana; bed below the ironstone. 

Most of what was said of the last species will apply also to the 
present one. The Laramie specimen is more nearly complete in outline, 
but much of the border is unfortunately wanting. It is, however, pre· 
served below on one side and above on the other so that the general 
character of the marginal nervation can be safely inferred for tile whole 
leaf. Still more important is the almost complete preser-vation of the 
point which is wanting in the Sezanne leaf. The body of the leafis well 
preserved and the characteristic arches with tertiary veins springing 
from them are distinctly sllown. In one case where the margin is pre­
served a secondary nerve appears to reach the blunt tooth directly, and 
others may be assumed to have done so. Tllree pairs of lateral nerves 
are approximate near the base, alternate and more erect than in Savorta's 
figure, while above these a long interval occurs, giving to the tllinl pail·, 
which are considerably stronger tllan the rest, somewhat tlle c!Jaracter 
of primary nerves of a palmately nerved leaf. In these somewhat rela­
tive characters our specimen deviates from the European, and thi~ 

divergence may be specific or even generic. 
In Viburnum ntgos'ltm pliocenicum Sap. (Pl. Foss. de Meximieux, pl. 

xxxi, fig. 1) the form of the upper portion of the leaf is very simihu· 
and tlle peculiar arching of the uppermost secondaries strikingly so, 
but the lower secondaries are all alternate aud scattered somewhat 
evenly along tile midrib. The margin, too, is nearly uutlulate, antl the 
areolm formed uy tile nervilles are of au entirely different c!Jaractm· 
from those of our leaf and of the Monimiacern. OtlJer analogues are 
Styrax vulcanicwrn Ett. (Foss. Fl. v. Biliu, II, Denkscbr. Wien. Aca<l., 
Vol. XXVIII, pl. xxxix, fig. 13) and Tetraptcris Bilinica ]itt. (loc. cit., 
III, op. cit., Vol. XXIX, pl. xlvi, fig. 11). 

POLYPETALlE. 

CORNACE.IE. 

NYSSA L. 

This small genus of only five or six Rpecies is restricted in the pres­
ent flora to the eastern portions of North America and of Asia. .About 
twenty species have ueen described in the fossil state either from leaves 
or from fruits. Most of these are from Miocene deposits, such as the 
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brown coal of the Wetterau and of Samland on the Baltic, Styria, Sused, 
Bonn, Quegstein, &c., on the continent, Bovey-Tracey, and numerous 
arctic localities, including Alaska. Within the territory of the United 
States we have several of the fossil fruits of Brandon, Vt., referred to 
that genus, and one species (N. lanceolata Lx.) represented, according 
to Lesquereux, by both leaves and fruits from the Laramie group at 
Golden, Colo., and by leaves from near Fort Ellis, Montana. Newberry's 
N. vetusta is referred by Lesquereux tt> Magnolia alternans Heer (see 
National Museum catalogue, No. 702). 

Nyssa Buddiana, n. sp. 

Plate XXV, Fig. 4.-Hodges Pass, Wyoming; named in honor of Mr. J. Budd, super­
intendent of construction of the Oregon IJranch of tho Union Pacific Railroau, who 
directed me to this locality. 

Leaf ovate-lanceolate, 4.5cm. wide, about 12cm. long, entire but 
gently wavy margined; midrib slightly sinuous below, as thick as the 
slender petiole, nearly uniform through the leaf, secondary nerves al­
ternate, about fourteen on a side, issuing from the midrib at a wide 
angle (60°), inequidistant, the wider intervals occupied by one or some­
times two intercalary nerves, which either end blind or join the nervilles; 
principal secondaries curving upward near the margin after giving off 
from the under side one or two tertiary nerves, which pass downward 
and anastomose with the secondaries below, forming arches or loops 
from which smaller veinlets pass outward toward the margin, but be­
come indistinguishable before reaching it; nervilles indistinct, appar­
ently irregular. 
If it may be said that these characters in the nervation are largely 

those of Magnolia, the answer is that in so far they are common to the 
two genera, for they are all present in at least two species of Nyssa of 
the living flora of eastern North America (N. rnult~tlora Wang. and N. 
unijlora Wang.), both of which, as well as N. Oarolin·iana Walt. and N. 
aquctticct L., I have carefully compared with this fossil. But the nerva­
tion of Nyssa is distinguished from that of most Magnolias by a certain 
irregularity in the secondaries, by the occurrence of intercalary nerves 
(at least in some species), and especially by the rapid dimin_ution of the 
smaller veinlets, so as to make them seem to vanish or end blind. 

The specimen was badly crumpled in its coarse sandstone matrix 
before this had hardened, but nevertheless the silicified substance of 
the leafremains and coats the rock with a dark layer, in which the 
position of the nerves is· distinctly laid down, the two counterparts 
complementing each other to considerable extent. The leaf was thick 
and coriaceous and the petiole, of which about 2 centimeters are pre­
served, is bent in a short angle below the blade, probably by extraneous 
agencies after falling- from the tree. 

Of the fossil forms referred to Nyssa our specimen most resembles 
those from Liescha (Zwanziger, Mioc. Fl. v. Liescha, pl. xxii). The 
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form of the leaf is not unlike that of some species of Diospyros (cf. 
Heer, Mioc. Balt. Fl., pl. xxvii), and Ettingshausen's Tabernremontana 
Bohemica (Foss. Fl. v. Bilin, II, pl. xxxvi, fig. 17) approaches it quite 
closely both in shape and nervation. 

CORNUS L. 

This genus consists, iu the living flora of the globe, of about twenty­
five species, uo less than eighteen of which are natives of North America. 
It is therefore not to be wondered at that fossil remains of it should be 
found in Arnerica,u strata. Thus fat four species have been reporte(l 
from the Laramie group, one of which, G. cwuminata Newberry (0. Ne­
brascensis Schimp.), is fl'otu the Fort Union deposits. This paucity is 
mn<le up by the occurrence of a consideralJle number in the arctic fossil 
flora, three of which are from the Cretaceous. 

Til us far only three species ilave lJeen detected in my collections, two 
of which are from the lower districts and one from the Yellowstone 
Valley. 

? Cornus Fosteri, n. sp. 

Plate XXV, Fig. 5.-Upper Seven Mile Creek, 10 miles above Glendive, Montana; 
collected by Mr. H,ichard Foster, ofDL·. ·white's party, in 1882. 

Leaf ovate, entire with slightly uneven margins, rounded and oblique 
at the base, Scm. wide, 15cm. long; nervation pinnate, eamptodrome; 
midrib thick below, more slender and somewhat sinuous above; sec­
ondary nervrs about ten on each side, nearly opposite below, alternate 
above, the lower ones more approximate than the upper, basal pair 
thin and parallel to the margin, second and third pairs strongest, pro­
ceeding from the midrib at an angle of 50o, and curving upward in pass­
ing out toward the margin, branching nea.r their extremities from the 
under side, arching and anastomosing with the branches of the next 
higher, the uppermost more erect and somewhat aerodrome; nervilles 
indistinct, chiefly percurrent, parallel, joining the secondaries at right 
angles. 

It ~eems probable that the reference of this leaf to Cornus was an 
error, although the acro<lrome tendency of the uppermost secondaries 
is a good index to that genus. Still, the lower lateral nerves show too 
little of this aerodrome tendency and follow more nearly the character 
of Ficus, and the nervilles are also those of Ficus rather than of Corn us. 
But for the 8imple percurrent nervilles the resem biance to Populus 
would be very close (cf. P. rnonodon Lx., Tert. Fl., pl. xxiv1 fig. 2; P. 
hyperborea Heer, Fl. Foss. Arct., Vol. III, Pt. II, Kreidefl., pl. xxix, 
:fig. 6). In form it resembles the figure last cited more closely than any 
other I have been able to find. Upon the whole, however, I now in­
cline to regard it as a Ficns aml as ltaving as its nearest affinity F. spec· 
tabjlis Lx. (Tert. Fl., pl. xxxiii, figs. 4-G). 
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I did not visit this locali,ty. The specimens obtained from there 
the previous year are all in a coarse sandy ironstone, They show 
little of the more detailed. nervation, but the principal nerves are usu­
ally deeply impressed in the rock. In this specimen, however, we 
have only tb.e under surface of the leaf with the nerves well in relief. 
The lower and thicker part of the midrib is channeled in the specimen, 
but it is eviJ.ent that this is due to its imperfect preservation, the epi­
dermis and central fibers having disappeared, leaving a groove. The 
upper part of the leaf was rolled in so that it was necessary to break 
it out and represent it as if unrolled. Although this was very skillfully 
aud successfully done by .Mr. Everett Hayden, there still remains a con­
siderable part, including the point and most of one side, unrepresented. 

Cornus Studeri Heer. 

CORNUS STUDER! Heer, Uebersicht dor TertHirflora, p. 58; 1"1. Tert. Helv., Vol. III, 
p. 27, pl. cv, Jigs. 18-21; Fl. Foss. Arct., Vol. V, Pt. III (Prim. Fl. Foss. Sachal. ), 
p. 45, pl. xi, figs. 11-13. Ludwig, Palroontogr., Vol. VIII, p. 121, pl. lviii, fig. 
10. Lcsquercux, Tort. Fl., p. 244, pl. xlii, figs. 4, 5. Schimper, Pal. V6g., Vol. III, 
p. 52. 

Plate XXVI, Fig. 1.-Point of Rocks, Wyoming; gray sandstone bed north of 
station. 

If we really have in this specimen a leaf of Oornus Studeri our 
knowleclge of that species is thereby considerably extended, as none of 
the specimens thus far figured has the petiole preserved. Our leaf, 
110wcver, differs in two respects from most of the species of Oornus 
known, whether living or fossil, namely, in its thicker midrib, especially 
below, and in itH nervi1les, which form nearly a right angle with the 
ncnTes they join. In all the living species of Cornus that I have ex­
amined, which include all the American species a.nd several European, 
the nervilles pass across the areas formed by the lateral nerves in a 
LorizontaJ direction or nearly at right angles to the midrib. In Heer's 
largest specimen they are represented as slightly ascending. In many 
respects all the American specimens referred to this species resemble 
Ficus and its closest allies (cf. F. artocarpoiiies Lx., Cret. and Tert. Fl., 
pl. xlvii, fig. 1, and Artocorpoilles conocephaloidea Sap., Fl. Foss. de 
Sczanne, pl. xxvii, :fig. G), and it may still be cousidered a question to 
what genus they belong. 

Corillls Emmonsii, n. sp. 

Plate XXVI, Figs. 2, 3.- Golden, Colo. (Fig. 2); collected for Mr. S. F. Emmons 
by C. W. Cross, in July, 183:2. Point of Rocks, Wyoming; gray sandstone bed 
north of station (Fig. 3). 

Leaves oblong, 4.5 to 5cm. wide, 7 to 8cm. long, rounded at both base 
and summit; nervation pinnate, camptodrome; midrib rather thick, 
visibly diminishing at each :aode, slightly zigzag; secondary nerves 
eight to nine on a side, large at their point o.f insertion, rapidly thin­
ning out1 tlle lower nearly oppm~ite, lowest pair very light and close 
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to the margin, which they follow a long distance, the remainder n 
equal, making an angle with the midrib of 40° to 50°, second pair 
ing oft' several short tertiaries, which curve forward slightly in 
the narrow area to join the basilar w~rves, the rest hadng fewer 
tiaries near their extremities, which join the incnrved ends of the 
nerves below them and also join one another, forming loops and 
near the margin, the upper secondaries aerodrome, curving rapidly in· 
ward at the obtuse or obcordate summit of the leaf; nervilles indistinct, 
wavy, or bent, percurrent, or forked. 

Notwithstanding the widely separated localities from wbich these 
specimens come, they present so many points of resemblance that I am 
unalJle to assign them to different species. The Golden specimen, which 
is from the tufa beds, is less perfectly preserved, the black glaze which 
once represented the lamina having been worn off, probably siuce its 
collection, from a considerable part of it; the margins, too, are difficult 
or impossible to make out, except for a limited part of the way round. 
The Point of Rocks specimen is in hard rock and shows tlJe substance 
of the leaf by the deposit of ~ much darker coloring matter. In all 
that is preserved the nervation and margins are distinctly shown. 
The npper portion bears every indication of h:1ving been slightly de­
pressed after the manner of certain forms of Liriodendron Jl{eelcii JJcer, 
with which I was long disposed to associate it. The nervation, however, 
is decidedly characteristic of Cornus and appears to be identical with 
that of the Golden plant. 

This species probably has its nearest analogue in 0. orbifera Heer, 
especially as it occurs at the Bois d' Asson (Sa porta, Etudes, Ann. Sci. 
Nat., Bot., [)e Scr., Vol. VIII, 1857, pl. xiii, fig. 3), but it also bears a 
strong resemblance to 0. impressa Lx. (Tert. Fl., pl. xlii, fig. 3). 

ARALIACEJE. 

HEDERA L. 

Although only two species of this genus now exist, and only one 
in the northern hemisphere, there is reason to suppose that during 
Cretaceous and Tertiary time it played an important role in the vegeta­
tion of the globe. Five Cretaceous and twelve Tertiary species are 
described in the various works, four of which latter, however, are 
Pliocene, and may not be more than so many diverse forms of the im­
mediate ancestor of the present Old World species, H. Relix L. Of the 
Cretaceous species one, H. primordialis (Sap.) Heer, is common to the 
Cenomanian of Bohemia and of Greenland; another (H. cuncata Heer) 
is common to the Cenomanian and the Senonian strata of Greenland. 
Three species occur in the flora of the Dakota group. Of the Tertiary 
species one· is from the Paleocene of Sezanne, one from the Eocene of Aix, 
two are arctic and high northern, and three are found on the continent. 
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We should not therefore be surprised to find representatives of this 
genus in Laramie strata, although thus far none have been reported. 
If the four following forms have been correctly assigned we have ex­
amples from both the lower and the upper districts. 

Hedera parvula, n. sp. 

Plate XXVI, Fig. 4.-Clear Creek, Montana. 

Leaf orbicular, small (2.2cm. in diameter), emarginate at the apex, 
faintly sinuate on each side near the summit, otherwise entire; nervation 
palmate, camptodrome; primary nerves seven, all issuing from near the 
base but not from the same point, median nenre (midrib) strongest, 
bearing four or five alternate erect branches; the six lateral ones opposite 
in pairs; lowest pair basilar, giving off short branches from the uncler 
si<le; second. pair more erect ( 40°), <lividing up somewhat dichotomously; 
thiru pair strongest, very erect (20°), forking two or three times, the 
upper branches becoming parallel to the midrib or slightly aerodrome; · 
ultimate ramifications arching and anastomosing near the margin ; 
nervilles indistinct, mostly percurrent and perpendicular to the nerves 
joined. 

The nervation is here essentially identical with that seen in H. primor­
dialis (Sap.) Heer (Fl. Foss. Arct., Vol. Vl, Abth. II, Foss. Fl. Gronld., 
pl. xxiv, fig. 6a) and iu some respects resembles that of H. ovalis Lx. 
(Cret. Fl., pl. xxv, fig. 3; pl. xxvi, fig. 4). 

Hedera minima, n. sp. 

Plate XXVI, Fig. 5.-Head of Clear Creek, Montana. 

I..~eaf very small, as broad as long ( 17mm.), broadly truncate at the 
summit, cuneate at the base, somewhat pentagonal in outline, short pet­
ioled; nenration palmate, camptodrome, somewhat brochiodrome; pri_ 
mary nerves five, nearly equal, slender, all rising from the same point 
at the summit of the petiole; the two lower spreading anll parallel to 
the margin, branched above; the second pair very erect (300); curving 
upward and inward toward the apex of the leaf (aerodrome), giving off 
tertiary nerves from the outer side; median nerve (midrib) ratller ligl1ter 
tllan the lateral nerveH, slightly flexuous, nearly simple; nervillcs iu­
distiuguisllable. 

This small leaf is preserved nearly complete, including a short pet_ 
iole 3 millimeters long, which does not seem to show the point of inser­
tion. Its peculiar somewhat angled or trapezoid outline is strollg1y 
suggestive of Hedera, while the nenTation is uot unlike that of that 
genus. The reference, however, is less certain than in the last species. 
It somewhat resembles Oercis pm·vifolia Lx. (Oret. and Tert. Fl., pl. xxxi, 
figs. 5-7), from Florissant, and perhaps still more Pali~trus orbiculatus Sap. 
(:f1tudes, Ann. Sci. Nat., Bot., 56 Ser., Vol. IX, 1868, pl. vii, fig. 6), which 
bas also been found at Florissant (Lesquereux, Cret. and Tert. Fl., pl. 
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xxxviii, fig. 12). The erect aerodrome cllaracter of tllc upper lateral 
nerves also simulates some of the arctic species of Populus. 

Hedera Bruneri, n. sp. 

Plate XXVI, Fig. 6.-Black Buttes Station, Wyoming. 

Leaf large, compressed-dilate, 10cm. wide, 7cm.long (exclusive of the 
petiole, '' llich is 6cm. long, tllick, and dilated at both extremities), 
entire at the base, sinuate-toothed from below the middle; nervation 
strongly palmate, craspedo-camptodrome, three strong pnmary nerves 
rising from the enlarged summit of the petiole carrying all its fibers; cen­
tral nerve largest, giving oft' from above the middle five or six alternate 
secondary nerves and rapidly c:limiuishing to the apex; lateral nerves 
diverging at an angle of 400 from the midrib and slightly curving up­
ward, each giving off somewhat dichotomously about five secondaries 
from the outer side, one of these largest and sending out tertiaries, 
tbe rest branching or forking ·towards their extremities, the branches 
uniting in angled arches, from which smaller vein lets proceed to or near 
the margin; ~ervilles obscure, bent, or forked, often appearing to end 
blind. 

The greater part of the margin of the otherwise well preserved leaf 
is wanting above, but in a few places the short rounded teeth can be 
distinguished. The specimen was found lj'ing on the surface and was 
slightly weather worn, but the lower portions bad to be chipped out 
and are shown very clearly. Over the whole of the blade are scattered 
loose grains of silex, which are cemented firmly to the rock and camwt 
be removed without injury to tlw specimen, but these do not seriously 
obscure the nervation. · 

This singular leaf is clearly unlike any others that have been collected 
in tbe West. I long inclined to regard it as a Populus ( cf. P. mutabilis 
lleer, Fl. Fo3s. Arct., Vol. VII, pl. lxxxix, fig. 7), and it certainly llas 
some points in common with the leaf I have called P. hedero,ides (Pl. 
VIII, Fig. 5), as also with P. amblyrltyncha (Pl. VI and VII), but the 
absence of true basilar nerves and the dichotomous character of the 
nervation seem positively to exclude the present specimen from that 
genus. It has some aualogy w1th Menispermites (cf. Lesquereux, Oret. 
and Tert. Fl., pl. xv, fig. 1 ), though here the leaves are cordate or 
peltate, and it resembles some forms of Vitis and Cissites (cf. op. cit., 
pl. iii, fig. 3; pl. v, figs. 2-4; Saporta, Fl. Foss. de Sezanne, pl. x, fig. 
10; Heer, Fl. Foss. Arct., Vol. VII, pl. xxi, fig. 8). But after examin­
ing various forms of Hedera figured from the American Uretaceous (cf. 
H. platanoidea Lx. (Ann. Rep. U. S. Geol. Surv. Terr., 1874, p. 351, 
pl. iii, figs. 5, 6), from Sezannc ( cf. H. p'i"isva Sap., loc. cit., fig. 1), and 
especially from Spitzbergen (cf. H. McClurii Heer, Fl. Foss. Arct., VoL 
II, Pt. III, Mioc. Fl. Rpitzb., pl. xiii, figs. 29-33; Vol. IV, Pt. I, Beitr. 
li'oss. _Fl. Spitzb.~ pl. xviii, figs. 1, 2), it was impossible to uoubt that it 
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is here that this form properly belongs. I am satisfied, however, that it 
is none of the species referred to, and I therefore take pleasure in nam · 
ing it. after my esteemed friend and companion during that season's 
campaign, Prof. Lawrence Bruner. 

Hedera aquamara, n. sp. 

Plate XXVI, Fig. 7.-Black Buttes Station, Wyoming. 

Leaf obovate-cuneate, 3cm. wide, 6cm.long, irregularly sinuate-dentate 
above, nearly entire below; nervation pinnate, craspedo-camptodrome; 
midrib flexuous and somewhat zigzag; secondary nerves four to five 
on each side, alternate, very erect (200 to 300), irregular, mostly tcrmi­
llating in the teeth of the upper part of the leaf, the lower ones closely 
following the margins below, the upper somewhat branching, the 
branches anastomosing with one another and sending off short veinlets 
which curve very near the margins, forming a marginal rQw of small 
arches; nervilles very prominent and shading insensibly into the true 
tertiary nervation, irregularly branching and intercrossing to form very 
fine quadrilateral or polygo~al meshes. 

I was at first disposed to regard this fossil as an oak leaf, and there 
arc many points that favor that view, but there are others that oppose 
it. The secondary nerves are more erect than in any species of oak 
with which I am acquainted. There is a near approach to it in Q·uercus 
affinis Sap. (Etudes, Ann. Sci. Nat., Bot., 5e Ser., Vol. III, 1865, pl. iii, 
:fig. 10), but here the general uer\ation is quite different. A nearer 
approach in all respects to our leaf is seen in Oelastrus illicinus Burch. 
(l~ttings., Blattsk. d. Dicotyl., pl. lxiv, fig. 2), from Van Diemcn's Land, 
aud Telopea speciosissinw R. Br. (op. cit., pl. xxii, fig. 9), from the Cape 
of Good Hope, embodies many of the same characters. Nevertheless it 
seems to me to agree better in its general character with Hedera, and 
its anomalous shape may be accounted for on the assumption that the 
leaf belonged to a flowering branch, where, as is the habit of our living 
species, the leaves may have been more elongated and altered in outline 
from the form characteristic of the genus. The peculiar leaf from 
Greenland figured by Heer (Fl. Foss. Arct., Vol. II, Pt. V, pl. xlv, fig. 
5b), which bas the form and to a very great extent the nervation also 
of our leaf, is referred by him to his H o McOlurii, usually so very differ­
ent in form, and this reference is justified on th.at theory. Our plant 
comes from the same bed as the species last described, anu may belong 
to it, Ilotwithstanding the great inequality in size and difl'erence in form. 
This, however, can scarcely be regarded as probable. 

ARALIAL. 

In referring the following forms to this genus I merely follow the 
precedent established in this cmmtry, as I do not consider this the 
proper place to open up the question as to the necessity for making a 
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chauge. That some change must soon be made I feel certain, and my 
owu material, more than an~'thing else I have seen, tends to force it 
upon us. But others are becoming aware of this necessity, and in are­
cent letter (Sept. 7, 1885) Prof. Lesquereux, who is now working up some 
new material from the Dakota group, speaking of certain forms re­
cently referred by Engelhardt to Credneria, says: "From the reference 
of these leaves to Credneria we should have to put in the same group 
or genus the Araliopsis, Grewiopsis, Platanus, Sassafras, &c., descriiJetl 
from the Dakota group." 

I need ouly say, in confirmation of thh;, that from their close general 
resemblance and from intermediate forms which I have myself collected 
aud studied, I can scarcely doubt that the forms which I here refer to 
.Aralia belong to the same "group or genus" as those which I have re­
ferred to Platanus in the earlier part of this paper. 

In view of these doubts I do not deem it necessary to attempt any 
justification of the generic assignment here made by considerations de· 
rived from the present range of the genus. 

Aralia notata Lx. 

ARALIA NOTATA Lx., Tert. Fl., p. 237: pl. :xxxix, figs. 2-4; Cret. and Tert. Fl., p. 232. 
PLATANUS DUBIA Lx., Ann. Rep. U.S. Geol. Surv. Terr., 1873, p. 406. 

Plate !(XVII, Fig. 1.-Clear Creek, Montana. 

This specimen was collected near the same spot where many other 
very large leaves were found, as well as some intermediate in size having 
substantially the same general form and character. The latter I hatl 
expected to be obliged to refer to Platanus, but whether toP. nobilis or 
to some new species I have not yet decided, not having completed their 
study. Many, if not all, of them have the margins entire throughout 
and the nervation camptodrome, as in this specimen, and I am as yet 
undecided a~ to whether this can be regarded as a specific character. 

The present specimen, notwithstanding the narrower siimses, closely 
resembles those figured by Lesquereux above cited, two of which (figs. 2 
and 4) were collected on Elk Creek, near the Yellowstone, and probably · 
come from Fort Union strata. Several other specimens having the same 
form occur in the reserve series of the National Museum, one of which 
(No. 922) is also from the north (near Fort Ellis, Montana). In all these 
the primary nerves originate at the very base of the leaf, and this is one 
of the chief distinctions ·which separate them from the forms referred 
to Sassafras (Araliopsis) from the Cretaceous. That those forms do not 
belong to Sassafras I have always felt satisfied. Only one species of 
Sassafras is known in the present flora of the globe and this is confined 
to North America. Although its leaves are very variable, the variations 
are definite and fall under a few types. The lobed leaves belong almost 
exclusively to non-flowering branches, the normal foliage showing entire 
leaves with a nervation of strongly marked Lanraceous type, usually re· 
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sembling that of Laurus or Persea, but sometimes becoming more de­
cidedly palmate and approaching that of Cinnamomum. This type is 
ont of the question here. The Cretaceous leaves are usually symmet­
rically three-lobed and the assumption would be legitimate tllat they 
represent a uniformly three-lobed ancestor which is revealed only in the 
non-flowering branches of our modern chiefly entire leaved species, could 
we find in tl1ese modern lobed leaves something very near to the nerva-
1 ion of this ancestor. · But I could never see that we do find this. The 
nervation of the modern lobed leaves of Sassafras is very uniform and 
in some respects remarkable. From the pair of lateral primaries that 
go to the lobes to the next pair of nerves issuing from the midrib there 
is usually a long interval, partly occupied by horizontal nerves, which 
scarcely belong to the secondary system. The first pair of true second­
aries leave the midrib at a wide angle and soon curve upward, passing 
directly to the middle of the large rounded sinuses. Here they are not 
lost, but immediately fork and follow the two margins of the sinuses, 
usually forming its actual border (paryphodrome) for some distance. 
From this hem or border they may usually be seen giving off branches 
or leaving it altogether and passing up farther inward to join the 
branches of the primaries. This character in the nervation of Sassa­
fras is so peculiar and uniform that I am surprised that it bas not been 
more carefully considered in connection with the fossil leaves. No such 
cllaracter is to be found in any of these. On the contrary the first pair 
of secondary nerves usually fork before reaching the sinus, the two 
branches striding it and passing upward at some distance from the 
m~ugius. Often a branch from the lateral primary goes out to meet the 
one from the midrib and either joins it before reaching the sinus or, as 
in our present specimen, arches along the inner margin of the lateral 
lobe, while the branch from the midrib follows in a similar manner the 
margin of the terminal lobe. 

Whether the ancestor of our living Sassafras will eYer be found in 
American strata is uncertain, though a near approach to it is seen in 
Aralia acerifolia Lx. (Cret. and T-ert. Fl., pl. xlix, Fig. 5), and that a 
true Sassafras bas been found in European strata is settled by the ner­
vation of S. Fm·rettianum Mass., from Senegal (Fl. Foss. del Senigal., 
pl. xii, fig. 1), in which the character above described is clearly shown. 
Compare also S. primigenium Sap. (Fl. Foss. de Sezanne, pl. viii, figs. 9, 
10; Monde des Plantes, p. 2l9, fig. 41). · 

Aralia Looziana Sap. & Mar. 

ARALIA LOOZIANA Sap. & Mar., Revision de la Flore Heersienne de Gelinden (Mem. 
Cour. Acad. Roy. de Belgique, Vol. XLI), p. 77, pl. xiii, fig. 13. Saporta, Mondo 
desPlantes, p. 216, fig. 37. 

Plate XXVII, Fig. 2.-Clear Creek, Montana; collected by Dr. White's party 
in 1882. 

I have not seen any work in which this species is technically described, 
but with the exception of being a little larger our speci:m~n agree~;J ~Q 
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perfectly with the figure cited above that it seems necessary to regard 
it as tbe same species. It wants the irpmediate base and the petiole, 
while the middle lobe is somewhat distorted. I did not find in the Clear 
Creek beds any forms precisely similar, and it seems·to resemble more 
closely the specimens, found 9 miles farther up the valley, to be next 
described. 

Aralia digitata, n. sp. 

Plate XXVII, Figs 3, 5; Plate XXVIII, Fig. 1.-Head of Clear Cr(lek, Montana. 

Leaves digitately three to five lobed, variable in size (6 to 18 em. in 
width), entire and cuneate below, the base appendaged with a pair of 
short sagittate lobes, upper lobes lanceolate, as long as the body of the 
leaf, slightly broadened upward, rapidly narrowed to a point or merely 
rounded at the summit, entire \o near the apex, sinuate-dentate at their 
extremities; petiole tllick, 2.3cm. long, dilat~d below; nervation camp­
todrome in the entire portions, craspedodrome in the toothed portions, 
palmately triple nerved from near the hase of the leaf, the three nerves 
equal, one or both of the two lateral usually branching unequally, the 
lesser branches (snbprirnaries) passiug into "the outer lobes; secondary 
uerves numerous, simple, parallel, making an angle of 400 with the pri­
maries, arching and anastomosing close to the margins or terminating 
in the teeth; nervilles distiuct, straight, percurreut, joining the second­
aries, or longer and geniculate, joiniug the areas between the primaries, 
sometimes forking or variously crossed to form :fine rhombic or polyg­
onal meshes; basal lobes provided with a median nerve or costa. 

The numerous fragments of this singular leaf, which were collected in 
the friable marl bed at the head of Olear Ureek, represent all the sizes be­
tween the extremes shown in Fig. 5 of Plate XXVII alHl Fig. 1 of Plate 
XXVIII, so that scarcely any doubtremainsthattbeyrepreseut a single 
species of varying size and somewhat varying form , In the figure last 
meutioned there seems to have been but one subprirnary nerve and but 
four lobes, and in Fig. 4of Plate XXVII enough of the base is preserved 
to make it pretty ~ertain that there were no subprimaries aml only 
three lobes, as may be seen by comparing it with Figs. 3 and 5 of the 
same plate, 

The remarkable feature of these leaves is the unmistakable evidence 
they present of the existence of basal lobes. Although only one of 
tlwse (Fig. 5) actually has these lobes, and iu this neither lobe is ab­
solutely complete, still this specimen leaves no uucertaiuty as to their 
character, and two of the other specimens (Figs. 3, 4) show a conforma· 
tiou of the base of the leaf which clearly indicates that they were also 
present in these. Recalling the peculiar basal lobes described in one of 
the species of Platanus (P. basilobata, p. 35, Plates XVII, XVIII, XlX\ 
and comparing the general 9ltaracter of tltese leaves with those we are 
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now considering, it is impossible to resist the conviction that the two 
forms have a close natural relationship. The obvious affinity of those 
leaves to Platanus nobilis and of that species to Aralia notata seems to 
link all the forms having this general character into one correlaterl 
group. If this be true the problem is reduced to that of discovering 
what the true generic relationship of this group is. As I showed when 
discussing that species, the presence of basal lobes argueR strongly for 
tlle reference of all the forms possessing them to the Platanacern, an<l I 
fully believe that such a reference will become necessary. But this will 
not only carry with it all the American forms hitherto referred to Ara­
lia., but, as I also believe, all those referred to Sassafras. If this sweep­
iug change is ever made it may be thought best to distinguish these 
forms from true Platanus and establish a new genus of that order to be 
called Protoplatanus, or some other name indicative of its ancestral 
character. 

Unquestionably the nearest approach th~t has yet been made to our 
form is to be found in Aralia, Saportanea Lx. (Ann. Rep. U. S .. Geol. 
Surv. Terr., 1874, p. 350, pl. i, figs. 2, 2a; Cret. and Tert. Fl., p. 61, pl. viii, 
figs. 1, 2; pl. ix, figs. 1, 2)fand, though a Cretaceous form, but for the 
"basal lobes and short, thick petiole, I might have felt constrained to 
regard it as specifically identical with that plant. Iu Aralia Hercules 
Sap. (Etudes, Ann. Sci. Nat., Bot., 5e Ser., Vol. IV, pl. ix, fig. 2), which, 
however, sometimes has a larger number of lobes (cf. Unger, Chloris 
Protogrna, pl. xlv, fig. 7), we have another near analogue, ancl here the 
petiole is short and much dilated at the base, and in A. angustiloba Lx. 
(FoRs. Pl. Aurif. Gravels, pl. v, figs. 4, 5) the lobes are said to be very 
entire. 

ONAGRARIE.IE. 

TRAPA L. 

Five species of Trapa are described in De Candolle's Prodromu~, hut 
Messn:.;, Bentham and Hooker llave reduced them to two or threP. They 
rue al!uost altogether confined to eastern Asia, hnt one species occur/3 
in temperate Europe. Prior to 1874 the genus was kuown in a fossil 
state only by fruits, which have been foun<l in European strata, in the 
arctic regions in Alaska, and even in British America. Unless we ad­
mit Newberry's :NeuropteYis angulata as of this genus, wllich seems not 
improbable, kaves were first collected by Dr. F. V. Hasden at Point of 
Rocks, Wyoming, and later by Mr. \Villiam Cleburne in the white saud­
stone bed east of the station, where I also found them in 1881. Their 
discovery in 1882, at Burns's Ranch on the Yellowstone, fully justified 
Lesqnereux's determination, pre·vionsly regarded as doubtful, and I 
found them the following year not only there but also at Iron Bluff, as 
already reported in the Sixth Annual Heport, p. 544. 
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Trapa microphylla L;x. 

TRAPA MICROPHYLLA Lx., Bulletins TJ. S. Geol. Snrv. Terr., Vol. I, pp. 369, 380; Ann. 
Rep., 1tl74, p. 304; Tcrt. Fl., p. 290, pl. lxi, figs. 16, 17, 17a. 

fNEUIWPTElUS ANGULATA Newberry, Report upon the Colorado River of the West, 
by Lieut. J. C. lves, p. 131, pl. iii, fig. 5. 

Plate XXVIII, Figs. 2-5.-Burns's Ranch, Wyoming. 

The size, shape, and nervation of these leaves are snbstautially 
identical with those of Point of Rocks, and until frnit is found for both 
it will be necessary to regard them as the same species, the significance 
of whicll, iu tending to homologize the upper and lower districts of tile 
Laramie group, has already been commented upon (see Sixth Annual 
Report., p. 544). The very perfect specimens collected both by Dr. 
Wl.Jite aud myself at Burns's Ranch show the nature of the plant almost 
as well as a living specimen could do and demonstrate its complete 
analogy with the recent fqrm~ in its habit of growth. Hitherto only 
detached leaves had been seen, and. the generic reference was made by 
Prof. Lesquereux, with evident reserve, from the nervation alone. 
The correctness of this determination is nom fully established and goes 
far to vindicate the oft-disputed claim of vegetable paleontologists that 
this character alone may in most case~ be trusted to show the nature 
of extinct floras, provided the work be performed by competent inves· 
tigators. 

HAMAMELIDEIE. 

HAMAMELITES Sap. 

This genus was created b,y Saporta for the reception of Watelet.'s 
Oorylus elegans, from Sezanne. To it Prof. Lesquereux bas referred fh·e 
species from tl.Je Dakota group, two of which are not figured, aud the 
specimens are not accessible to me. None of them seem to be ouliqne 
at the base, which is a lea<ling characteristic not only of the Sezanuc 
leaves but also of the genus Hamamelis. This genus is represented 
in the living flora by only two species, one of which is North American 
and the other Asiatic. It is therefore oue whose ancestors should, ac­
cording to modern theories of plaut <lispersiou, be looked for in North 
Americau strata. 

Hamamelites fothergilloides Sap. 

HAMAMELITES FOTHERGILLOIDES Sap., EtudPs, Aun. Sci. Nat., Bot., 5e Ser., Vol. III, 
p. 47; 1<'1. Foss. de Sezanne, p. (105) 393, pl. (xi) xxxii, fig. 3. Schimpcr, Pal. 
Veg., Vol. III, p. 57; Atlas, pl. xcv, fig. 15. 

CORYLUS ELEGANS Wat., Pl. Foss. du Bassin de Paris, p. 146, pl. xxxvii, fig. 5. 

Plate XXIX, Fig. 1.-Seven Mile Creek, Montana; bed below the ironstone. 

Although there are a few points of distinction between this leaf and 
th.ose from Sezanue, such as the longer petiole and lessprominent teeth, 
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still there is such a substantial agreement that I prefer not to create a 
new species for its reception. It resembles Hamamelis Virginiana L., 
the American Witch Hazel, more closely than does the European fossil, 
and probably belongs to the living genus. In all the leaves I have seen 
of that species in which the midrib has any curvature, as also in the fig. 
ures of Watelet and Saporta of the extinct species, this curvature is 
toward the side of the leaf which shows the least development of par­
enchyma at the base, thus exaggerating the inequality in the two sides. 
In our leaf, however, this is reversed, and the side that is lower at the 
base is narrower above; as a consequence, the secondary nerves are 
of nearly equal strength on the .two sides and about equally branched. 
Should additional specimens show this to be a constant character it 
would probably be necessary to assign to it a specific value, 

LEGUMINOSJE. 

LEGUMINOSITES Brongn. 

Along with a large number of leaves and leaflets which have been 
provisionally placed under this name a few enigmatic fruits have found 
their way into the same generic receptacle, although it would have 
been much more convenient had these been furnished a different name. 

Leguminosites arachioides Lx. 

LEGUMINOSITEST ARACHIOIDES Lx., Tert. Fl., p. 301, pl. lix, fig. 14. 
CARPOLITHES ARACIIIOIDES Lx., Ann. Rep. U. S. Geol. Surv. Terr., 1872, p. 403. 

J>late XXIX, Fig. 2.-Clear Creek, Montana. 

Although these fruits are a little longer and more slender pointed 
tllan those from Evanston, there seems no reason to doubt that they 
represent the same plant. My specimens contribute very little to our 
knowledge of their nature and arc merely introduced to show that the 
form occurs in the Fort Union Laramie. 

SAPINDACEJE. 

ACERL. 

Fossil maples are chiefly found in the Miocene, where many species 
are known both by leaves and fruit. Only three species have been 
reported from the Laramie group, none of them from those beds which 
w~re formerly regarded as constituting that group. 
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Acer tdlobatum tricuspidatum (AI. Br.) Heer. 

ACER TRILOBATUM TRICUSPIDATUM (Al. Br.) Heer, Fl. Tert. Helv., Vol. III, p. 491 

pl. cxiii, figs.1, 3-10. Luc:lwig, Palreontogr., Vol. VIII, p. 129, pl. I, fig. 1; pl.li, 
figs. 4, 7-9; pl. lii, fig. 2. Engelhardt, Pflanzenreste von Liehotitz und Putscbirn 
(Sitzb. d. Naturw. Ges. Isis, Hefte III u. IV, 1880), p. 7, pl. ii, figs. 1, 4, 5. 

ACER TRICUSPIDATUM Al. Br., Neues Jahrb. fiir Mineralogie, 1845, p. 172. 

Plate XXIX, Figs. 3, 4.-Clear Creek, Montana (Fig. 3); collected by Dr, 
White's party in 1882. Little Missouri River, Dakota (Fig. 4); collected by Hay­
den and Peale in 1883. 

The first specimen (Fig. 3) occurs on a slab containing a profu~ion of 
other leaves, including those of Gorylus Americana, Populus c·uneata, 
and Platanus Raynoldsii. It closely resembles Heer's fig. 6, on pl. cxiii, 

. above cited, but is larger and has the petiole more slender. The other 
specimen (Fig. 4) is in the huff marl of the Little Missouri bad land 
district, and alHo resembles the figure last cited more than any others 
I have seen. In both the dentation is less strongly marked than in 
most maples and they have a certain indefinable appearance that is 
suggestive of Platanus. 

Acer indivisum Web. 

ACER INDIVISUM Web., Pa1reontogr., Vol. II, p. 198, pl. xxii, fig. 2a. Heer, Fl. Tert. 
Helv., Vol. III, p. 60, pL i, fig. 10; pL ex, fig. 15; pl. cxvi, fig, 12. Schimper, Pal. 
V 6g., VoL III, p. 146. 

Plate XXIX, Fig. 5.- Carbon Station, Wyoming. 

Weber's original specimen was really unlobed, but in one of Heer's 
(pl. cxvi, fig. 12) there is a lobe on one side and an extra large tooth 
on the other which the forking of the nerve shows to be virtually a 
lobe. In another of Heer's figures (pl. i, fig. 10, which he refers to A. 
integrilobum Web. in Vol. I, p. 20, and to A. indivisum Web. in Vol. III, 
p. 60), ·the side on which the lobe would occur, as shown by the stronger 
11:erve, is wanting; in the only other .figure I have seen-( op. cit., pl. (~x, 
fig.15), there a.re two large lobe-like teeth on one side, but no forking 
nerve, in which respect it resembles one side of our leaf; but the latter 
is too broad for the length, and its reference to this species will not 
probably be justified. It may be fnrther compared with A. campylop­
teryx Ung. (Ohlor. Prot., pl. xliv, fig. 1); also, with Platanus cuneifolia 
Gopp. (Foss. FL v. Schossnitz, pl. xii, fig. 2). 

SAPINDUS L. 

This chiefly tropical genus has one living representative in the South­
western States and is represented by four species in the Laramie group, 
all but one of which are found in Fort Union strata. The Green River 
group furnished seven or eight additional species and one (S. obtusi­
folius Lx.) is common to the Fort Union and Green River deposits. 
The four following forms are from the upper districts. 
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Sapindus affinis Newberry. 

SAPINDUS AFFINIS Newberry, Later Extinct Floras, pp. 31, 51; Illustrations of 
Cret. aml Tert. Plautts, pl. xxiv, fig. 1; pl. xxv, fig. 2. Schimper, Pal. Veg., Vol. 
III, p. 169. Da~son, Geol. 49th Parallel, Brit. N. A. Boundary Commission Report, 
1875, p. 330; Cret. and Tert. Fl. Brit. Col. and N. W. Terr. (Trans. Roy. Soc. Can., 
Sec. IV), p. 32. 

Plate XXX, Figs. 1, 2.-Gladstone, Dakota; collected by Hayden and Peale in 
1883. 

There seems no reason to doubt that these remains represent the same 
species as that from the mouth of the Yellowstone, although the Glad­
stone specimens exhibit the nervation much more clearly. In both 
cases we have quite a collection of the leaves, showing their character 
under various aspects, and, although Drs. Hayden and Peale collected 
no specimen showing as large a part of the leaf as does Dr. New­
berry's specimen, figured on plate xxiv, above cited, still from the 
material obtained by them a nearly perfect leaf might be restored. 

Sapindus grandifoliolus, n. sp. 

Plate XXX, Figs. 3-5; Plate XXXI, Figs. 1, 2.-Seven Mile Creek, Montana; Sapin­
dus bed. 

Leaflets large for the genus (3 to 5cm. wide, 7 to 14cm. long), ovate­
lanceolate, slender obtuse-poiute<l, falcate or slightly recurved at the 
summit, the lower ones stalked on the rachis, the upper sessile; margins 
entire, but uneven or wavy; nervation pinnate, camptodrome; midrib 
strong, nearly straight, diminishing perceptibly at each branch; second­
aries numerous and approximate (twelve to eighteen on aside), diverging 
from the midrib at an angle of about 60°, simple or more commonly 
branching above the middle, curving upward near the margin, and an­
astomosing with one another or with the branches of the next higher, 
forming a single series of somewhat broken arches; nerviJles very faint, 
straight, percurrent, joining the secondaries at right angles. 

The only form that is fairly comparable to these specimens is that 
figured on plate xlviii (:fig. 5) of Lesquereux's Cretaceous and Tertiary 
Floras, and referred by him to S. obtusijolius. Tllis was collected by 
Prof. William Denton, in the "Bad Lands of Dakota," and is therefore 
probably from Fort Uui9n strata. I have not seen that collection, but 
the figure shows this specimen to have been as large as many of those 
from Seven l\<1ile Creek and similar to some ot these in form and ner­
vation. The leaflet was more unequal-side(l, shorter-pointed, and ap­
parently sessile. In these respects it differs from the present speci­
mens, but still may belong to the same species. 

This is the form that characterizes the Sapindus bed, or lowest 
layer of the Seven Mile Creek series, and which was almost the only 
fossil occurriug iu it. Although the plant was ahnndant I did not suc­
ceed in finding anything but detached leaflets. In one case (Plate 
XXXI, Fig. 2)~ two such leaflets occurred side by side iu such a position 
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that it was evident that they occupied their natural position and that 
the rachis to which they had been attacheu had not been preserved. 
This has been hypothetically restored in the figure, and the attach· 
ment 0f a third leaf alternating with these two is indicated. 

This failure to find the rachis or the attachments of the leaflet~, 
coupled with the presence of a petiole (Plate XXX, Fig. 5), and the 
general equal-sidedness of the impressions gave rise for a long time in 
my mind to doubts as to whether they really represented a Sapindus. 
The form is quite similar to that of Juglans acuminata Heer (Fl. Tert. 
Hel v., Vol. III, pl. cxxviii), but the finer nervation, so far as known, is 
wholly different. The disposition of the secondary and tertiary nerves 
is not unlike that seen in Nyssa (cf. Lesquereux, Tert. Fl., pl. xxxv, 
fig. 5, also living species). There is, however, no good reason to doubt 
the correctness of the reference to Sapindus. 

Sapindus alatus, n. sp. 

Plate XXXI, Figs. 3, 4.-Seven Mile Creek, Montana; Sapindus bed. 

Leaflets oblong-ovate, long recurved-pointed, contracted at the base 
into a winged stalk; nervation pinnate, earn ptodrome; midrib somewhat 
curved; secondary nerves eight to ten on each side, the lowest ones 
opposite; basilar pair light, simple~ proceeding from the summit of tho 
winged stalk; second pair strongest, branched above and somewhat 
zigzag, curving upward . and following the margins; remaining pairs 
more or less irregular, curving and anastomosing at some distance 
from the margin, and forming several rows of irregular polygonal 
meshes; nervilles simple and percnrrent, joining the secondaries, or 
geniculate, branched, and very irregular. 

In the absence of the upper portion of the smaller of these impres­
sions (Fig. 4) it is impossible to say whether they represent the same 
species. Tile winged stalk and general nervation are similar, but the 
ultimate disposition of the nerve bundles is very different. If we con­
sider only tile larger and more perfect specimen (Fig. 3), we find that, 
with the exception of its long recurved point, it quite closely resembles 
some of the forms of S. obtusifolius ( cf. Lesquereux, Tert. Fl., pl. xlix, 
fig. 10; Oret. and Tert. Fl., pl. xlviii, fig. 6). · The great irregularity of 
the secondary and tertiary nervation is suggestive of abnormality, 
which sometimes does occur in the course of the nerves as well as in 
the contour of leaves. 

Sapindus angustifolius Lx. 

SAPINDUS ANGUSTIFOLIUS Lx., Ann. Rep. U. S. Geol. Surv. Terr., 1873, p. 415; Tert. 
Fl., p. 265, pl. xlix, figs. 2-7; Cret. and Tert. Fl., p. 181, pl. xxxvii, figs. 1-8; pl, 
xxxix, fig. 12. 

Plate XXXI, Figs. 5-7.-Seven Mile Creek, Montana; Sapindus bed; the last 
(Fig. 7) collected by Dr. White's party in 1882. 

None of these specimens is absolutely complete. The first (Fig. 5) 
wants the summit, which may have been acute-pointed or somewhat 
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obtuse. The rounded obtuse or truncate summit of the second speci­
men (Fig. 6) seems to be deformed and the curvature of the midrib im­
mediately below it seems to indicate that the leaf originally had a 
somewhat elongated, recurved point, like that represented in Lesque­
reux's Tertiary Flora (p1. xlix, fig. 5). The third and smallest specimen 
(Fig. 7) exactly imitates the leaflets of his fig. 3, loc. cit., as also of his 
figs. 1 and 5 on plate xxxvii of the Cretaceous and Tertiary Floras. 
Numerous unfigured specimens in the collection of the National Museum 
further confirm these analogies. 

If this reference is correct, we have two species of Sapindus common 
to the Green River and Fort Union deposits. But the genus is a 
troublesome one, owing to the difficulty in obtaining specimens with 
the leaflets attached and to the apparent great variation among the 
leaflets of the same species. Our North American species ( S. margi­
natus Willd.) does not seem to show any such variation, the leaflets be. 
ing of nearly uniform size and shape; but if this were assumed for the 
fossil forms the number of species would be very great. AA all of my 
specimens come from the same layer in the Seven Mile Creek series, I 
have been tempted to regard them all as belonging to one polymor­
phous E~pecies, and the dozen or more species described from Ameri­
can s~rata may have to be reduced to three or four. 

AMPELIDE.lE. 

VITIS L. 

This large genus, now made to embrace Cissus and Ampelopsis, 
contains over two hundred species, most of which are tropical and sub­
tropical, but in America about fifteen species occur north of Mexico. 
Out of some thirty or forty fossil species that have been described five 
are found in the Laramie strata, but none of these comes from the Fort 
Union deposits. The only Eocene species are three from Sezanne, 
which shows the similarity of that flora to that of the Laramie. Four 
forms occur in my collections which seem sufficiently distinct to be 
classed as different species, and I have not been able to refer any of 
these to species already described. Two of them were collected at 
Carbon Station, and the remaining two at llurns's Ranch, on the Yel­
lowstone. 

Vitis Bruneri, n. sp. 

Plate XXXII, Figs. 1, 2.-Carbon Station, Wyoming. 

Leaves large, as broad as long (8.5cm.), three-lobed near the summit, 
obtuse·dentate to near the base; nervation strongly palmate, craspedo­
drome; primary nerves five to seven, arising together from the base 
of the leaf; mediap nerve largest, central or more or less eccentric, zig­
zag or somewhat curved, having four or five lateral branches on each 
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side; inner pair Of lateral primarieR next in VOlume, proceeding at af\ 
angle of 30° from the midrib to the lateral lobes, giving off snbdichot­
omously three or four strong branches from the under side and some­
times feeble ones from the upper side; outer pair forming an angle of 
60° with the midrib and yielding secondary branches from the under 
side for nearly its whole length, which terminate in the lowest teeth of 
the margin; basilar pair when present very light, following the margin 
closely and uniting with the first branches of the secondary nerves; 
nervilles geniculate, percurrent, or forked, traversing the primary and 
secondary areas. 

Unable to refer these fine and highly characteristic specimens to any 
of the species hitherto described, I have allowed them to bear the 
name of my esteemed companion who assisted in their collection. 

There is a great similarity in nearly all the leaves collected at Car­
bon Station, and when all are fully studied and illustrated I hope to 
find data for completing the description of this form. At present it 
seems as if several additional species of Vitis were represented. These 
specimens lack the petiole and differ somewhat from one another, but 
no~ enough to warrant their separation. If we attend only to the dis­
position of the nerves we shall perhaps find nearer analogues in Hcdera 
than in Vi tis ( cf. H. primordialis (Sap.) Heer, Fl. Foss. Arct., Vol. VI, Abtl1. 
II, pl. xxiv, fig. 6a). In all the species of Vitis that I have examined 
the lowest pair of primary nerves is horizontal or even pass downward, 
but the leaves are heart shaped, while these are nearly horizontal or 
slightly wedge shaped at the base. With this exception the form and 
nervation approach somewhat closely to Vitis crenata Heer (Fl. Foss. 
Arct., Vol. II, Pt. II, Fl. ~-,oss. Alask., pl. viii, fig. 6), next to which 
may be compared Oissus lobato-crenata Lx. (Tert. Fl., pl. xli, figs. 1-3). 

Vitis Carbonensis, n. sp. 

Plate XXXII, Fjg. 3.-Carbon Station, Wyoming. 

Leaf long-petioled, unequal-sided, three lobed, bluntly crenate-den­
tate, except near the slightly wedge-shaped base, 7.5cm. wide, 8.5cm. 
long; petiole 6cm. long, very thick, flabellately divided at the summit 
into five strong primary nerves; median nerve considerably thickest, 
curved near the base 300 ~mt of line with the petiole, and passing far 
to one side of the middle of the leaf, bearing seven or eight branches 
on each side, which pass into the teeth; lateral primaries unequal on 
the two sides, the inner pair going to the lobes, somewhat branched 
from the under side; outer nerve on the larger side of the leaf bearing 
five branches, which pass into the lower teeth; a very thin basilar nerve 
present on the larger side; secondary nervation simple or forked; nerv~ 
illes generally indistinguishable, bent, broken, or forking. 

This leaf has many characters in common with those last described, 
one of which is somewhat one-sided and has the iniddle nerve bent 
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near the base, and, with the comparison of more material, intermediate 
forms may be discovered. I have compared it\vith Oissus Radobojen­
sis Ett. (Unger, Sylloge, I, pl. ix, figs.!), 10), which, while having much 
the same general form, bas only three primary nerves and is more 
deeply lobed. It also closely resembles Acer vitifolium Heer (Fl. Tert. 
Helv., Vol. III, pl. cxvii, fig. 14), which. might well represent a Vitis. 

Vitis Xantholithensis, n. sp. 

Plate XXXII, Figs. 4, 5.-Burns's Ranch, Montana. 

IJeaves small (3cm. wide, 3 to 4cm. long), ovate or elliptical in outline, 
bluntly and irregularly somewhat doubly-toothed all around; petiole 
long, slender, flexuous; nervation palmate, craspedodrome; primary 
nerves five, rising nearly together from the summit of the petiole; medi­
an nerve a little the largest, slightly curved, branching above; inner 
pair of lateral nerves strong, erect (20o), branched below from the ont­
siue, forked above; lower pair light and basilar or stronger and much 
branched from the under side; secondary nerves once or twice forking 
near their extremities, the branches sometimes joining to form angular 
arches, the ultimate ramifications entering the subordinate teeth; nerv­
illes indistinct, much broken, penetrating the areas, forking at wide 
angles, and disappearing in the parenchyma. 

This species resembles Cis sus tricuspidata Lx. (Tert. Fl., pl. xli, figs. 
6, 7), but is smaller and differently toothed. One of the specimens 
(Fig. 4) is almost identical in form and nervation with one of Heer's 
figures of Grewia crenata (Fl. Tert. Helv., pl. ex, fig. 6), while the other 
has many points in common with Celtis trachytica Ung. (Foss. Fl. v. 
Szanto, Denkschr. Wien. Acad., Vol. XXX, pl. ii, fig. 7), especially as 
figured by Saporta (Monde des Plantes, p. 309, fig. 3), who, however, 
bas shown the teeth much less sharp. In many respects the::::e leaves 
recall the characteristics of Hedera, but upon the whole I still incline 
to regard them as representing a Vitis. I am not sure that my Popu­
lus craspedodronta (supra, p. 21, Pl. VIII, Fig: 3) does not belong here. 

Vitis cuspidata, n. sp. 

Plate XXXII, Figs. 6-8.-Burns's Ranch, Montana (Figs. 6, 7). Seven Mile Creek, 
Montana; bed below the ironstone (Fig. 8). 

Leaves short-petioled, coriaceous, small (1.5 to 2.5cm. wide, 3 to 4 
em. long), unequal-sided, pointed at both ends, deeply and obtusely or 
sharply cuspidate-toothed, except the entire wedge-shaped base; ner­
vation craspedodrome, imperfectly palmate; midrib cnn"ed or zigzag, 
branchiug; lower lateral nerves strong, erect, dichotomously branched, 
passing into the longest teeth or cusps; secondary nerves branching or 
forking, terminating in the teeth ; nervilles distinct, percurrent, crossed 
at right angles by v:einlets that traverse the areas longitudinally, often 
appearing like faint,- intercalary secondaries. 
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The three specimens embraced under this specific head all differ 
slightly in certain characters. In the first (Fig. 6) the teeth are sharper, 
some of them incurved, and the nervation is distinctly palmate, while 
in the third (Fig. 8) the teeth are shorter and more blunt and the lowest 
lateral nenTes are light on one side and rather pinnately disposed. 
This last specimen is from a different locality, a fact which I overlooked 
in preparing my ''Synopsis," and which in so far argues for their sepa· 
ration. 

It is easy enough to find figures roughly corresponding with these 
small impressions, but it increases the difficulties greatly to find that 
these belong to widely different genera and families. I was from the 
first struck with their resemblance to the leaves of certain species of 
Cratregus, e. g., G. coccinea L., 0. monogyna J acq., G. triloba Pers., 0. 
tornentosa L., but here the teeth are always too sharp and incised. 
In Myrica diversifolia Lx. (Cret. and Tert. Fl., pl. xxv, figs. 6-15) we have 
forms that reproduce some of the characters of our leaves, and in Rhus 
incisa Sap. (Etudes, Ann. Sci. Nat., Bot., oe Ser., Vol. VIII, pl. xi, fig. 
4) and Myrsine? cwa.ntlwda Sap. (Pl. Foss. des Arkoses de Brives, pl. v, 
fig. 5) we have others. The dichotomous nervation and blunt teeth of 
two of the specimens (Figs. 7, 8) are partially duplicated in Viburnum 
spinulosum Heer (Fl. Foss. Arct., Vol. V, Pt. III, Prim. Foss. Fl. Sachal., 
pl. xi, fig. 9) and less perfectly in Greu:iopsis tremu,lmfolia Sap. (Fl. Foss. 
de Sezanne, pl. xxxiii, fig. 8). The small specimen wanting the base 
(Fig. 7) imitates to a remarkable degree, both in form and nervation, 
the fruits of Carpinus (cf. G. cuspidata Sap., Etudes, Ann. Sci. Nat., 
Bot., 4e Ser., Vol. XIX, pl. v, fig. 7C, and 0. Neilreichi Kov., Unger, 
Europ. Waldbaume, fig. 10). But it is after all perhaps under Vitis, 
particularly among the forms with eompound leaves, that the nearest 
analogues of our forms are to be sought. Gissus quinquef?lia Pohl., from 
Brazil (Ettingshausen, Blattsk. d. Dicotyl., J?L xliii, fig. 5) comes quite 
close, and among fossils 0. trimtspidata Lx. (Tert. Fl., pl. xli, figs. 4-7) 
furnishes in some of its f{)rms ( cf. loc. cit., fig. 6) the nearest analogy I 
have found. 

RHAMNE.lE. 

BERCHEMIA Neck. 

This genus embraces about ten species, chiefly confined to the Old 
World, largely to southeastern Asia, where so many arctic and Amer­
ican fossil plants have their living representatives. 

One species, however, still persists in North America and very' closely 
resembles our fossil form. Three species have been reported in the 
fossil state, the most abundant of which occurs in American strata, and 
I have it from both sections of the Laramie group._ 
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Berchemia multinervis (A1. Br.) IIccr. 

BERCHEMIA MULTINERVIS (AI. Br.) Heer, Fl. Tert. Helv., Vol. III, p. 77, pl. cxxiii, 
figs. 9-18. Capellini, Lig. Val di Magra (Mem. Reale Accad. Sci. di Torino, Ser. 
II, Vol. XIX), p. 385, pl. iii, · fig. 6. Sisruonda, Pal. Tert. du Piemont (Mem. 
Reale Accad. Sci. di Torino, Ser. II, Vol. XXII), p. 452, pl. xxix, fig. 8. Saporta, 
Etudes (Ann. Sci. Nat., Bot., Ge Scr., Vol. VIII), p. 107, pl. xii, figs. 2, 3. Et­
tingshausen, Foss. Fl. v. Bilin, IH (Denkschr. Wien. Acad., Vol. XXIX), p. 41, 
pl. xlix, figs. 15-17; Foss. Fl. v. Sagor, II (op. cit., Vol. XXXVII), p. 196, pl. xvi, 
figs. 7-10. Schimper, Pal. Veg., Vol. III, p. 225. Geyler, Foss. Pil. a. d. Obertcrt. 
Ablag. Sicilien's (Palreontographica, Vol. XXIII), p. 327, p]. ii, fig. 6. Lesque­
renx, 'l'ert. Fl., p. 277, pl. Iii, figs. 9, 10. Velenowsky, FL. v. Vrsovic, p. 42, pl. 
iv, figs. 26, 27. Pilar, Fl. Foss. Susedana, p. 107, pl. xiv, fig. 12. 

RHAMNUS 1\WLTI~ERVIS AI. Br., in Bncld. Geol., Vol. I, p. 513. 
BERCHEMIA PAHVIFOLIA Lx., Am. Journ. Sci., 2d scr., Vol. XLV, p. 207; Ann. Reps. 

U.S. Geol. Surv. Terr., 1867-'69, p. 196; 1870, p. 382; 1871, Suppl., p. 15. 

Pla.te XXXIII, Figs. 1,.i2.-Bull Mountains, Montana: collected by Hayden awl 
Peale in 1883 (Fig. 1). Golden, Colorado (Fig. 2). 

Mr. Lesquereux (Tert. Fl., p. 281) seems to think that the presence of 
tertiary nerves proceeding from the lower secondaries could not occur 
in Berchemia, and he therefore referred all such to Rhamnus; but I find 
such nerves very faintly shown in some leaves of B. volubilis DO., and 
I do not regard this character as of sufficient weight to be treated as 
generic. My Golden specimen is larger than most of those referred 
to this speciAs. It is also more narrowed at the base, and approaches 
Ludwig's figure of Oornus orbifera Heer (Pah.eontogr., Vol. VIII, pl.lviii, 
fig. 12), which may well have been a Berchemia. This specimen is from 
the tufa beds. 

The Bull Mountain specimen is in red baked clay and shows the nerva­
tion very clearly. The nervilles are stronger and smoother than in 
other cases and pass across the areas more nearly at right angles to the 
seconuary nerves, in so far resembling Ficus. 

ZIZYPHUS J uss. 

A widely distributed tropical and subtropical genus containing in 
the present flora about fifty species; quite abundant in a fossil state, 
ranging from the upper Cretaceous (Patoot, Greenland) to the Pliocene. 
It has been hitherto represented by eight Eocene, one Green River, and 
five Laramie species, none of the last heing from Fort Union strata. 

Z. serrulatus, n. sp. 

Plate XXXIII, Figs. 3, 4.-Burns's Rauch, Montana; one specimen (Fig. 4) collected 
by Dr. White's party in 1882. 

Leaves short petioled, ovate, 2.8cin. wide, 3.5cm. long, rather :finely 
and sharply serrate or sometimes crenate to near the base; nervation 
palmate, aerodrome, craspedo·camptodrome; petiole dividing at its 
dilated summit into three nearly equal primary nerves; median nerve 
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slightly curved, nearly simple; lateral primary nerves very erect (200 
to 300), curving regularly upward and inward to the point of the leaf, 
forming an elliptical area which the midrib divides equally, branched 
from the outside, the branches curving upward at some distance from 
the margin and joining one another in a series of undulations or arches, 
from which short veinlets pass directly into the teeth; nervilles genicu· 
late or broken, crossefl in the middle by finer fibers and the tertiary 
areas filled by a dense network of quadrate or polygonal meshes. 

In both of the specimens the summit is wanting. The substance of 
the leaf is clearly preserved, leaving a black coating of discernible 
thickness upon the light-brownish or ash-colored rock. In one (Fig. 4) 
the area between the lateral primaries appears to have the epidermis 
removed, exposing the detailed nervation very perfectly. There is con­
siderable difference in the dentation of the two specimens, as also in the 
shape of the base, but this can scarcely be regarJed as specific. 

In Z. ovo,ideus Mass. (Fl. Foss. del Senigal., pl. xxxix, fig. 10) we have 
precisely the same form as in our specimens, except that the teeth are 
entirely wanting. In that figure the central part of the leaf shows the 
fine network of the ultimate fibers very much as in our specimen above 
referred to (Fig. 4). It is, howev·er, to Z. Jlfeelcii Lx. (Tert. Fl., pl.li, 
figs. 10-14) that our form is probably most nearly allied, and, con&ider­
ing the variations already admitted to occur in that species, it may not 
be possible to keep them permanently distinct. 

Zizyphus Meekii Lx. 

ZIZYPHUS MEEKII Lx., Ann. Rep. U.S. Geol. Surv. Terr., 1872, pp. 388, 389; Tert. Fl., 
p. 275, pl. li, figs. 10-14. Schimper, Pal. Veg., Vol. III, p. 611. 

Plate XXXIII, Figs. 5, 6. Carbon Station, Wyo. (Fig. 5). Bozeman Coal Mines, 
Montana (Fig. 6); collected by Hayden and Peale in 1883. 

None of the specimens figured by Lesquereux conform precisely to 
these impressions, but there are others in the collection from Carbon 
made by Lesq uereux and Meek, hut not figured, which much more closely 
resemble the one collected there by myself (Fig. 5). The Bozeman 
specimen is longer in proportion to its width than any thus far referred 
to this species, and in this respect it agrees better with most living 
species. The nervation and dentation are those of Z. Meelcii, and I 
scarcely feel warranted in separating it on account of the shape alone. 

Zizyphus cinnamomoides Lx. 

ZIZYPHUS CINNAMOMOIDES Lx., Tert. Fl., p. 2i7, pl.lii, :figs. 7, 8; Cret. and Tert. Fl. 
p. 189. 

CEANOTIIUS CINNAMOMOIDES Lx., Ann. Rep. U.S. Geol. Snrv. Terr., 18il, p. 289. 

Plate XXXIII, Fig. 7.- Seven Mile Creek, Montana; white marl bed. 

Very similar to Lesquereux's fig. 7 (specimen not iu National Museum 
collection), less distinctly toothed than his fig. 8 (No. 431, Nat. Mus. 
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coli.); not unlike Unger's Oeanothus Bilinicus (Ohlor. Prot., pl. xlix, 
fig. 9). 

A number of small obovate forms of very enigmatical character oc­
curred in the white marl bed of the Seven Mile Creek series, of which 
this is a case showing the extreme elongation. I was at first disposed 
to regard them all as depauperate forms of Populus cuneata, so abundant 
in the same bed, but their further study has compelled me to distribute 
them to the three genera Zizyphus, Paliurus, and Grewia. They will be 
further considered under the two last named 'genera. 

PALIURUS Juss. 

Only two species of Paliurus are known in the living flora of the 
globe, one of which is confined to southern Uhina, the other to southern 
Europe and western Asia. About a dozen fossil species have been de­
scribed, chiefly from leaves alone, of which two are from the Laramie 
group and one from Green River strata, at Florissant, Colo. vVithout 
the winged fruit no one will claim that it is possible tf> distinguish this 
genus from Zizyphus, 9r, perhaps, from Oeanothus. The three follow­
ing forms, therefore, are liable to be transferred to either of those 
genera should they ever be discovered in connection with their fruits. 

Paliurus Colombi Heer. 

PALIURUS COLO:MBI Heer, Fl. Foss Arct., Vol. I, p.122, pl. xvii, fig. 2d; pl. xix, 
figs. 2-4; Vol. II, Pt. III (Mioc. Fl. Spitzb. ), p. 67, pl. xiv, fig. 11; Pt. IV (Foss. 
Fl. N. Greenland), p. 482, pl. l, figs. 18, 19; Vol. IV, Pt. I (Foss. Fl. Spitzb.), p. 
91, pl. xxxi, fig. 8; Vol. V, Pt. II (Foss. Fl. Sibir.), p. 35, pl. h, fig. 2a, 2b; Pt. 
III (Prim. Fl. Foss. Sachal.), p. 52, pl. xiii, figs. 1-~. Lesqnoreux, Tert. Fl., p. 
273, pl. 1, figs. 13-17. Schimper, Pal. Veg., Vol. III, p. 217. 

Plate XXXIII, Figs. 8-10.-Burns's Ranch, Montana (Figs. 8, 9, the latter col­
lected by Dr. White's party in 1882). Carbon Station, Wyoming (Pig. 10). 

The Burns's Ranch specimens are identical in form with those pre­
viously collected at Carbon, while my specimen from Carbon js longer 
in proportion to its width and entire margined; it is, however, obscure, 
and the portions of the margin where a tooth or small lobe sometimes 
occurs is wanting. It may be compared with Heer's Spitzbergen figure, 
and especially to his Sachalin, figures 2 and 3. As this specimen 
occurs on the same slab as the next one to be described, I think i~ 

quite possible that it represents the same plant, although the differences, 
as will be seen, are .very considerable. 

Paliurus pulcherrimus, n. Rp. 

Plate XXXIII, Fig. 11.-Carbon Station, Wyoming. 

Leaves small (2.7cm. wide; 4cm. long), petioled, ovate-lanceolate, 
pointed, rounded at the base, undulate margined to near the base, the 
undulations small, numerous, and regular ; petiole about a centimeter 
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long; nervation palmate, camptodrome; midrib strong, straight, cen­
tral, having about ten thin alternate branches above the middle; lat­
eral primary nerves rather small, rising from the base of the blaue, op­
posite, symmetrical, leaving the midrib at an angle of 40o, curving up­
ward and at length inward (aerodrome), giving off eight or nine short, 
11early straight, parallel, seconclary nerves at equal diRtances apa.rt, 
which fork and either anastomose in a series of arches near the mar­
gins or appear to lose themselves in the parenchyma; secondaries fl'Om 
the midrib more distaut and less regular, forking, the two lowest joined 
to the primaries; nervilles very faint, dichotomous or broken. 

By the aid of counterparts all but the immediate point of this leaf 
is found to be preserved and there can be no doubt as to its char­
acters as above described. It occurs upon a slab of calcareous sand­
stone of a very dark color, which contains impressions of other leaves 
and confused vegetable remains, among which arc branching stems 
of coaly aspect, one of which passes along the base of the petiole of 
this leaf in such a manner as to render it next to certain that it grew 
from it, although it is difficult to make out the actual attachment. Among 
the fragments of leaves scattered about on the stone are sevetal that 
seem to be identical with this, aml it is here, as above remarked, that 
one of the specimens last mentioned (:Fig. 10) occurs. More minute 
study of all these impressions may necessitate the union of all the forms 
of Himilar nervation and justify their attachment to the stems with 
which they are associated. 

Paliurus Pealei, n. sp. 

Plate XXXIII, Figs. 12-14.-Little Missouri River, Dakota; collected by D1-. A. C. 
Peale in 1883. 

Leaves small (1 to 2.5cm. wide, 1 to 4cm. long), petioled, ovate, 
pointed, somewhat oblique or gibbous, finely and regularly crenate­
toothed to near the narrowed or nearly horizontal base; petiole 6 to 12 
mm. long, slightly curved, rather thick; nervation subpalmate, cras­
pedo-camptodrome, one or two basilar nerves on each side, usually ris· 
ing from near the summit of the petiole, either simple or the stronger 
ones giving off short tertiary nerves to the lower teeth; lateralsnbpri­
maries rising from a short distance above the base of the blade, very 
erect, curving, and aerodrome, having numerous outer branches which 
fork and unite near the margin, from which short branches run into the 
teeth; nervilles bent or geniculate, traversing the ~reas between the 
primaries. 

These pretty little leaf-prints occur in buff shales of the Bad Lands 
of the Little Missouri and, with the exception of their immediate sum­
mits, are in a very good state of preservation. The extremes in size 
represented by Figs.l2 and 14 are joined by the intermediate form shown 
in Fig. 13, and all doubts as to their specific identity are thus removed. 

(76) 



WARD.) DICOTYLEDONS--POLYPETAL~. 77 

Their form IS closely imitated by many leaves ( ef. Celtis McCoshii Lx., 
Cret. and Tert. Fl., pl. xxxviii, fig. 8; Celastrinites elegans Lx., op. cit., 
pl. xxxi, figs. 9, 10; Celtis Japeti Ung., Iconogr., pl. xliii, fig. 26, Europ. 
Waldb., fig. 28; Myrsine Radobojana Ung., Sylloge, III, pl. vii, fig. 1), 
but the nervation does not correspond precisely in any I have ex­
amined. In Zizyphus Ungeri Heer, the type of which is more elongated, 
there occur forms which approach them quite closely (cf. Unger, Foss. 
Fl. v. Sotzka, pl. lv, figs. 3, 5, 7, 8; Ettingshausen, Foss. Fl. v. Hrer­
ing, pl. xxv, figs. 18, 25, 29, 37), but these all want the basilar nerves 
and have the aerodrome lateral primaries rising from nearer the base and 
passing up much closer to the margin. In Paliurus tenuifolius Beer, 
especially the specimen from Aix figured by Saporta (Etudes, Ann. Sci. 
Nat., . Bot., 4e Ser., Vol. XVII, pl. xii, fig. 5), we find perhaps the nearest 
approach to our plant, with supra basilar nerves and short thick petiole, 
but no nerves are shown below the principal primaries and the denta· 
tion is comparatively feeble. 

CELASTRINEJE. 

CELASTRUS L. 

Of the eighteen species known to occur in the present flora of the 
globe only one (C. scandens L.) is a native of North America. The 
greater part of the species, however, inhabit the mountains of eastern 
Asia, where they seem to have taken refuge on the retreat of the glacial 
invasion. A few lingered in the southern hemisphere and became 
acclimated there. 

In the fossil flora this genus plays a very important rOle. Schimper 
iu1874 was able to enumerate fifty-four species, and the number has 
since been largely increased. Up to that time the genus had been con­
fined to the Tertiary deposits of Europe. Subsequent arctic explora­
tions have revealed the existence of a number of species at the north, iu 
the Miocene strata of Greenland, Spitzbergen, Alaska, and Sachalin. 
One species is found in the upper Cretaceous of Patoot, bl!lt most ot 
the celastraceous fossils occurring in the Oretaceoas, as well as those 
from the Paleocene of Sezanne and Gelinden, are assigned to the extiuct 
genera Oelastrinites and Oelastrophyllum. Two species of Oelastrhtites 
are described by Lesquereux from the Laramie group and three species 
of Celastrus from the Green River grbup. 

Realizing the importance to paleontology of this group of plants, 
Baron von Ettingshausen, as early as 1856, published a memoir on the 
nervation of the Oelastrinere (Denkschr. Wien. Acad., Vol. XIII, p. 43), 
illustrated physiotypically by ten plates; but the species of Oelastrus 
figured in that work belong chiefly to the Cape of Good Hope and now 
faU m;tderthe genus Gymnosporia, and it is not amo~g these that we have 
to look for the analogues of our American fossil forms. The spec1mens 
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. here referred to this genus, and in fact all that I place in this order, 
come from Fort Union strata. I am unable to assign tllem to any kuown 
species and am forced to regard them as new, at least for the present. 
One type of nervation, with minor modifications, characterizes them all, 
and this seems to me best exemplified in the American species of Celas. 
trus, especially in the more ample leaves of that species. The most 
striking and uniform feature of this type of nervation is the peculiar 
manner in which the secondary nerves arch near their extremities and 
supply short subsidiary nerves to the teeth of the margin. 

Celastrus ferrugineus, n. sp. 

Plate XXXIV, Figs. 1-4.-Burns's Ranch, Montana (Fig. 1). Iron Bluff, Montana; 
collected by Dr. White's party in 1882 (Figs. 2-4). 

Leaves thin and membranaceous, ovate or oblong, petioled, slightly 
heart-shaped, pointed, regularly and sharply simply serrate to near 
the often oblique base, 4 to 6cm. wide, 6 to Scm. long; petiole short 
(5 to 9mm. long), thick, usually somewhat curved, dilated downward; 
nervation pinnate, craspedo-camptodrome; midrib large below, somewhat 
dilated at the nodes, rapidly diminishing upward, the reduction very 
perceptible at each node, sometimes slightly zigzag, more or less curved; 
secondary nerves well developed, approximate, parallel, seven to ten on 
each side, often unequally distant on the two sides, issuing from the 
midrib at a broad angle ( 40° to GOO), curving upward in crossing the 
lamina, each nerve branching more or less dichotomously toward its 
extremity, the branches only entering the teeth, the lowest ones being 
previously joined by the main portion of the nerve below in such a 
manner as to form a series of angled arches along and at some dis. 
tance from the border; nervilles distinct, percurrent or forking, more 
or less flexed, somewhat horizontal. 

These four specimens differ somewhat from one another and may pos. 
sibly represent two or more species, but they agree in so many particu­
lars that no difficulty is experienced in giving them a common charac­
ter. The Burns's Ranch specimen (Fig. 1) seems certainly to be the same 
as the largest one from Iron Blufl' (Fig. 2). From this to the other Iron 
Bluff specimen of the same ovate shape (Fig. 3) the transition is not vio­
lent, although the oblique base and somewhat knotted midrib are quite 
peculiar features. It is in these last named characters that this specimen 
agrees with the remaining one (:Elig. 4), giving these two a very similar 
general aspect, which seems to make one ignore the considerable dif­
ference of form. All the specimens are thus bound together by charac­
ters such that, although when we compare the extremes (as Fig. 1 with 
Fig. 4) we see little to prove their relationship, still, when we consider 
them all as a group, we find it very difficult to say where the line of 
separation should be drawn. If any separation is to be made it :would 
seem that all must be disunited and four distinct forms recognized; for 
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even in the case of the first two (Figs. 1 and 2) tlie continuation of the 
teeth to the very base in one of them (Fig. 2) is a character not else­
where seen in the group. 

These forms all differ from C. scandens L. by their heart shaped base 
and sharper teeth. In both these respects, however, they are more 
nearly matched by C. scandentifolius Web. (Palmontogr ., Vol. II, pl. 
xxii, fig. lOa) from the lignites of the Lower Rhine, but in the more an­
gular arches their nervation deviates from both these species. 

While I believe that all the characters of these leaves taken together 
point more strongly to Celastrus, or at least to the Celastrinem, as their 
proper affinity than to any other group of plants, it must nevertheless 
be admitted that other genera and families combine many of them and 
that their final assignment must be postponed until further evidence is 
received. I was at first disposed, as Baron Von Ettingshausen seems 
to be, to refer them to the Rosacem, and I found in the living genus 
A.melanchier many things with which to compare them (see leaves of 
A.. Canadensis T. & G. and of A. Botryapium DC., Ett. Blattsk. der 
Dicotyl., pl. lxxxix, fig. 11). I do not, however, consider tllis view at 
all strengthened by a comparison with .A. similis Newberry (Illustra­
tions, pC xxv, fig. 6), which is as likely to be a celastraceous leaf (cf. 
Oelastrus scandentifolius Web., loc. cit.; also in Unger, Sylloge, II, pl. 
ii, fig. 22). 

The nervation of Fraxinus is also a;omewhat like what we see llere, 
but the leaflets of that genus are usually narrower. In F. abbreviata 
Lx. (Cret. and Tert. Fl., pl. xxviii, figs. 5, 6), however, we have them ex­
hibiting nearly the same proportions as in our leaves. I have already 
mentioned (supra, .P· 33) the analogy which these forms present with 
Jt;tglans, and some of our present specimens may profitably be compared 
with some species of that genus (see Heer, Foss. Fl. Arct., Vol. II, Pt. 
II, Alaska, pl. ix, fig. 5). 

Celastrus Taurinensis, n. ~:~p. 

Plate XXXIV, l!,igs. 5, 6.-Bull Mountains, Montana (Fig. 5). Burns's Rauch, Mon­
tana; collected by Dr. White's party in 1882 (Fig. G). 

Leaves rather thin, large (7cm. wide, 12cm. long), oblong, slightly 
heart shaped, pointed, sharply and coarsely serrate to near the l>ase; 
nervation pinnate, craspedodrome; midrib rather thin, slightly curved, 
thickened at the nodes ; secondary nerves nine to eleven on each side, 
alternate or subopposite, curving upward, forking or branching, occa­
sionally arching and supplying short veinlets to the teeth, lowest pair 
thin, basilar, and mostly simple; nervilles more or less curved, percur­
rent or more commonly forked, joining the secondaries at right angles. 

It is with some hesitation that I have finally decided to unite these 
two forms in one species and refer them to Celastrus. They come from 
widely different sections and occur in very dissimilar rock, the Bull 

(79) 



80 TYPES 01!, THE LARAMIE FLORA. (BULL. 37. 

1\'fountain specimen being in soft white clay. In the Burns's Rauch 
leaf the secondaries are more erect and straighter and the teeth, which 
are larger, are slightly incurved. In form and size they are comparable 
to Populus _balsamoides Gopp. (cf. Foss. Fl. v. Schossnitz, pl. xv, fig. 
3; Gaudin, Gisements, pl. iii, fig. 1 ), but the sharp teeth and crasped· 
odrome nervatiqn seem to make such a reference out of the question. 
Possessing the peculiar nervation of the Celastrine::e, I seem compelled 
to at~sign them to that family, bnt reasons will be given later (infra, p. 
95) for considering it possible that they may belong to Pterospermites 
or Grewiopsis. The specimen, Fig. 15, may be compared with Elreo­
dendron Sagorianum Ett. (Foss. Fl. v. Sagor, II, Denkschr. 'Vien. Acatt, 
Vol. XXXVII, Abth. I, pl. xvi, fig. 25). 

Celastrus alnifolius, n. sp. 

Plate XXXV, Figs. 1, 2.-Burns's Ranch, Montana; one of the specimens (Fig. 2) col· 
lected by Dr. White's party in 1882. 

Leaves broad, oblong-ovate, 6cm. wide, 8cm. long, irregularly serrate 
to ncar the oblique base; petiole 2.5cm. long, slightly inflated below, 
curved to one side; nervation pinnate, craspedodrome; midrib strong, 
nearly straight; secondary nerve~:; about nine on a side, the lower 
nearly opposite, the upper alternate, issuing at an angle of 40° to 450, 
slightly curving upward and forking or branching, usualJy anastomosing 
to form angled arches which give oft' short nerves to the teeth of the 
margius; uervilles distinct, usually forking, joined by very fine oblique 
veinlets, which form a network of polygonal meshes. 

'l'he shape and general aspect of these two leaves are very similar, 
but a difference is visible in the nervation, which at first strongly in­
clined me to separate them. In one of the specimens (Fig. 2) the see· 
ondary nerves are less curved upwards and branch dichotomously, the 
two divisions often running directly into the teeth. This, however, is 
not always the case, and some of the branches show a disposition to 
form arches. Upon the whole I can scarcely doubt, coming as they 
both do from the same bed, that they represent the same species; but 
the nearly opposite lower nerves, the general shape, dentation, &c., cer­
tainly remind one strongly of Alnus. In Alnus ,cardiophylla Sap. (Fl. 
Foss. de Sezanne, pl. xxxvi, fig. 8) the characters here presenteu are 
visible along with still greater anomalies; compare also A. serrata 
Newberry (Illustrations, pl. xvi, fig. 11). Nevertheless, it seems im­
possible to detach these forms from the general series now under consid­
eration. 

Celastrus pterospermoides, n. sp. 

Plat,e XXXV, Figs. 3-6.-Burns's Ranch, Montana (Figs. 3, 4, 6). Iron Bluff, Mon­
tana (Fig. 5). 

Leaves thin, rather large (5 to 6cm. wide, 10 to 15cm. long), oblong, 
slightly heart shaped, horizontal, or oblique at the base, coarsely and 
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prominently serrate, petioled; nervation pinnate, craspedodrorne; mid­
rib very thick below, rapidl,y diminishing; secondary nerves inequidis­
tant, the lower ones crowded together, horizontal or directed a little 
downward, middle and upper ones somewhat curved upward, branch­
ing, arching, and johting, the arches supplying short branches to the 
teeth; nervilles mostly percurrent, somewhat flexuous, the areolre be­
tween them occupied by a fine network of quadrate or polygonal meshes. 

The special characteristic of all these leaves by which they seem 
separable from the others of this series is the manner in which the lat­
eral nerves near the base are huddled together on the thick midrib, 
proceeding out horizontally or somewhat radially, reminding one of the 
nervation of Credneria, Protophy limn, and Pterospermites. Otherwise 
they seem to have the general nervation of the group and may be com­
pared with Oelastrus boreali8 Heer (Fl. Jfoss. Arct., Vol. II, Pt. II, 
Alaska, pl. x, fig. 4). 

Celastrus ovatus, n. sp. 

Plate XXXVI, Fig. 1.-Iron Bluff, Montana. 

Leaf ovate, pointed, narrowed and rounded at the base, very sym­
metrical, 6cm. wide, 11cm. long, sharply and somewhat unequally ser­
rate; nervation pinnate, craspedodrome; midrib thick below, rapidly 
thinning above, straight; secondary nerves twelve to thirteen on a side, 
nearly equidistant and parallel, alternate, slightly curving upward, fork­
ing or branching and arching, the ultimate ramifications entering the 
teeth; nervilles indistinguishable. 

This nearly perfect and very symmetrical leaf from [ron Bluff was 
considered sufficiently distinct to be separated from those previously 
described, but such s~paration is chiefly based on the ovate shape. It 
seems to occupy an intermediate position, having the base similar to 0. 
alnifolius. The petiole is wanting, but from the midrib it is safe to judge 
that it was thinner than in the last species. While it seems to belong 
to this group, its affinities with the Betulacere are ~trong and it may 
be compared with Betula Sezannensis Sap. (Fl. Foss. de Sezanne, pl. 
xxxvi, figs. 9, 10). 

Celastrus grewiopsis, n. sp. 

Plate XXXVI, Fig. 2.-Burns's Ranch, Montana. 

Leaf lanceolat.e, obliquely heart shaped, strongly serrate to the base; 
nervation pinnate, craspedo-camptodrome; midrib very large, straight; 
secondary nerves issuing at a wide angle and curving upward, follow­
ing the margin or curving inward to join the next higher, giving off from 
the elongated arches thus formed a number of short tertiary nerves 
which enter the teeth ; nervilles percurrent, somewhat flexuous, occa­
sionally forked. 

Bull. 37--6 (81) 
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This specimen, of which the upper portion is wanting, presents a, eon· 
Siderable modification Of the general type, UOLh in it~ IHUTOWel' ClOU· 
gated outline and in the extreme upward curvature of the lateralucrves. 
Its strongly toothed, heart shaped base recalls forms of Grewia. But 
for the strongly craspedodrome tertiary nerves the nervation would be 
that of Juglans nigella (cf. Fl. Foss. Arct., Vol. II, Pt. II, Alaska, pl. ix, 
fig. 2a), and the leaf figured by Sieber under the name of Rhus ]1eriani 
Heer (Znr Kenntniss d. Nordbohm. Braunkohlenflora, Sitzb. vVien. 
Acad., Vol. LXXXII, Abtl1. I, pl. v, fig. 39) imitates -it very closel,v. 
The specific name should be wr;itten wit.h a small initial letter to denote 
its resemblance to Grewia and not to Grewiopsis. 

Celastrus curviuervis, n. sp. 

Plate XXXVI, Figs. 3, 4.-Burns's Ranch, Montana; the larger specimen (Fig. 4) col­
lected by Dr. White's party in 1882. 

Leaves elliptical or lanceolate, recurved-pointed, 5 to 8cm. wide, 12 
to 15cm. long, regularly serrate; nervation pinnate, craspedo-campto­
drome; midrib curved; secondary nerves much curved upward and at 
length inward, forming elongated arches, from which short tertiaries 
proceed to the teeth; nervilles very oblique, usually forked, the areolre 
occupied by quadrate meshes. 

The great difference in the width of these leaves is perhaps sufficient 
to warrant their separation, but the nervation seems to be precisely 
the same. The midrib is too thin to justify their union with the form 
last described, to which they are related hy the much curving secondary 
nerves. The base is wanting in both. The nervation, including the 
form of the finer meshes, is very similar to that of Euonymus Proser­
pinm Eit. (Foss. FJ. Y. Bili11, III, Denkschr. Wien. Acad., Vol. XXIX, 
pl. xlviii, fig~. 6, 7); it may also be compared with that of Oela,stnts 
Dianm Heer (Fl. Foss. Arct., Vol. VI, Abth. I, Pt. II, Nachtr. z. Foss. 
Fl. Gronlands, pl. iii, fig. 6tt) and of C. fraxinifolius Lx. (Cret. and Tert. 
Fl., pl. xxxiii, figs. 2-4). 

EUONYMUS L. 

The genus Euonymus embraces about forty species, the greater part 
of which inhabit the mountainR of India, China, and Japan. Three 
species are indigenous in North America. About fifteen fossil species 
are known, only one of which is from American strata. 

Euonymus Xantholithensis, n. sp. 

Plate XXXVII, Figs. 1, 2.-Burns's Ranch, Montana. 

Leaves oblong oro bovate, 4.5cm. wide, lOcm.long, petioled, rather finely 
and sharply serrate to near the base ; nervation pinnate, craspedo-camp­
todrome; midrib thick below, rapidly diminishing above, nearly straight; 
secondary nerves about twelve on a side, alternate or subopposite, ir-
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regular as to distance and angle, curving upward near the margin and 
following it, uniting at their extremities with the branches of the next 
higher, furnishing short tertiary nerves to the teeth of the margin; ner­
villes oblique, chiefly percurrent. 

This form finds its nearest representatives in the living species E. 
atropurpureus Jacq., common in the United States, and in the East 
Indian species, E. pendulus Wall. (Ettingshausen, Nervation d. Celas­
trineen, Denkschr. vVien. Acad., Vol. XIII, pl. x, fig. 7). It wants the 
long point and sharp, coarse teeth of the Green River form (E. flexi­
foli1t,s Lx., Cret. and Tert. Fl., pl. xxxvii_i, fig. 13). It approaches some­
what closely to some of the figures of Rhmnn'tts Gaudini Heer ( cf. Fl. 
Tert. Helv., pl. cxxv, fig. 1), and may also be compared with Cupania 
Neptuni Ung. (Sylloge, I, pl. xv, figs. 7, 8). That it is generically dis­
tinct from the preceding forms it would be rash to insist. 

EL.lEODENDRON Jacq. 

Of the dozen or more fossil species of this now chiefly tropical Old 
World genus that have been thus far described only one has been found 
in American strata (E. Helveticum Heer, Lesquereux, Mioc. Fl. of 
Alaska, Proc. Nat. 1\ius., Vol. V, 1882, p. 449, pl. ix, fig. 4). The form 
and nervation of the leaves which I have grouped under this name are 
too near those that have been so referred to be separated generically 
from them without additional data for so doing. The genus to which 
they are next most closely related by these characters is Ilex, and to 
this they may eventually be relegated. But they seem to form part of 
the same general group which has just been considered, a,nd it seems 
best to regard them as members of the same family. They are gener­
ally smaller and more elongate and are distinguished as to their nerva­
tion by the curving of the secondary nerves farther from the margin 
and the frequent formation of a double row of arQhes or of a series of 
large rolygonal areolre. 

Elreodendron serrulatum, n. sp. 

Plate XXXVII, Figs. 3-5.-Burns's Ranch, Montana (Figs. 3, 4). Seven Mile Creek, 
Montana (Fig. 5). 

Leaves thin, short petioled, elliptical or ovate, 4 to 4.5cm. wide, 7 to 
Scm. long, pointed at the summit, narrowed or slightly heart shaped 
at the base, finely and sharply irregularly serrate to very near the 
base; nervation pinnate, ~raspedo-camptodrome, brochiodrome; midrib 
straight or somewhat uneven, strong; secondary nerves rather light, 
distant, branching early, and turning abruptly upward and at length 
inward, uniting with the lowest branch of the next higher, forming 
angled arches, or often continuing upward and joining with other 
branches of the next higher in such a manner as to prcduce a series of 
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secondary undulations inclosing rows of D-shaped areolm; nervilles 
usually percurrent, flexuous, curved, or geniculate. 

The nervation of these leaves approaches more nearly that of E. 
Hmringianum Heer (Fl. Tert. Helv., pl. cxxii, fig. 6) than that of any 
other plant ihat I have been able to compar~ it with. It nevertheless 
resembles that of certain Rosacem more closely than in any of the 
previous cases ( cf. Fig. 3 with Amelanchier typica Lx., Cret. and Tert. 
Fl., pl. xi, fig.ll; also, with A. Canadensis T. & G., living, and with Pyrus 
serrulata Gopp., in Palmontogr., Vol. VIII, pl. lxiii, fig. 6). In Euon· 
ymus Szantoinus Ung. (Foss. Fl. v. Szanto, Denkschr. Wien. A.cad., 
Vol. XXX, pl. iv, fig. 5) we have again this type of nervation, which 
is an exaggeration of the normal celastroid type. All the species of 
Elmodendron physiotypically figured in Ettingshausen's memoir above 
cited (Denkschr. Wien. Acad., Vol. XIII, pl. i, ii) exhibit it in greater 
or less degrees. 

Elreodendron polymorphum, n. sp. 

Plate XXXVIII, Figs. 1-7.-Burns's Ranch, Montana; the first four specimens (Figs. 
6-9) collected by Dr. White's party in 1S82. 

Leaves rathet thick and coriaceous, elliptical-lanceolate, narrowed 
or somewhat truncated at the base, point.ed at the summit, very vari­
able in size (2 to 3.5cm. wide, 5 to Scm. long), short petioled, finely 
and sharply serrate to near the base ; petioles thick, dilated below, 
slightly curved; nervation craspedo-camptodrome, brochiodrome; mid­
rib slightly curved; secondary nerves rather distant, irregular, curving 
upward and forming one or two rows of angled arches inclosing loose 
polygonal areolm, the numerous short ultimate branchlets entering the 
teeth ; nervilles distinct, flexed near their centers, forking and variously 
joining within the areas to form rather coarse polygonal meshes. 

The seven specimens here figured, all from the same bed, differ greatly 
in size and considerably in form and nervation, but after prolonged 
study I have not found constant characters upon which I can consistently 
separate them. The smaller ones show only one row of arches; one of 
these (Fig. 9) has a much longer petiole than the rest, and the second­
ary nerves are more approximate and regular; another (Fig. 12) is 
ovate-lanceolate and somewhat heart shaped at the base. The ultimate 
nervation is also difl'eren t in difi'erent specimens, the nervilles being 
simply pereurrent in some. 

The first specimen (Fig. 6) may be compared with E. Gaudini Heer 
(Fl. Tert. Helv., pl. cxxii, fig. 3). In E. degetter Ett. (Foss. Fl. v. Bilin, 
III, Denkschr. Wien. Acad., Vol. XXIX, pl. xlix, figs. 9, 10) we have 
forms aliied to other of our specimens (Figs. 9, 10, 11). Oelastrinites 
Hartogianus Sap. (Fl. Foss. de Sezanne, pl. xxxvi, fig. 15) may also be 
compared with Fig. 6, and Oelastrus Persei Heer (Fl. Tert. Helv., pl. 
cxxii, fig.1), with Fig. 7. Euonymus Radobojanus Ett. (Foss. Fl. v. Bilin, 
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III, pl. xlviii, fig. 8) furnishes as near an approach as we find to the small 
specimen, Fig. 9, while in Oelastrus fraxinifolius Lx. (Cret. and Tert. Fl., 
pl. xl, fig. 10) we have a form similar to Fig. 11. We thus find forms of 
fossil plants that have been referred to the Celastrine::e with which to 
compare nearly all the specimens here grouped together. ;None of these, 
however, are very similar to the smallest of these specimens (Fig. 12), 
and for analogues to this we are obliged to look in other genera. Per­
haps the nearest approach to this specimen is furnished by Beer's 
Fra,xinus prredicta, particularly the Portuguese specimens ( cf. Fl. Foss. 

· du Portugal, pl. xxii, figs. 5-8). Next to this come forms of Salix ( cf. 
S. varians Heer, Fl. Foss. Arct., Vol. II, Pt. II, Alaska, pl. ii, fig. 8; 
S. primreva Sap., Fl. Foss. de Sezanne, pl. xxviii, figs. 5-8). Notwith­
standing these close analogies I am disposed to regard this form as 
representing an extreme modification of the general type to which all 
these specimens belong. In fact it is not difficult to find analogues of 
all the rest i.n genera that have not been referred to the Celastrine::e. 
Compare, for example, Ilex ambigua U ng. (Fl. Foss. v. Kumi, Denkschr. 
Wien. Acad., Vol. XXVII, pl. xiii, fig. 19) and A1·alia hederacea Sap. 
(Fl. Foss. de Sezanne, pl. xxx, fig. 5) with our Fig. G, Rhamnus War­
thana Heer (Braunk. Fl. Zsily-Thal., pl. v, figs. 2, 3) and Cunon,ia Bi­
Unica Ett. (Foss. Fl. v. Bilin, III, pl. lv, fig. 21) with Fig. 9. 

TILIACElE. 

GREWIA L. 

A large genus (sixty species) of mostly tropical Old World plants, 
found in considerable abundance in the European Miocene, also in that 
of the arctic regions. One species, G. aur,iculata Lx., is reported from 
the John Day River region of Oregon, also Miocene. 

Grewia crenata (Ung.) Heer. 

GREWIA CRENATA (Ung.) Heer, Fl. Tert. Helv., Vol. III, p. 42, pl. cix, figs. 12-21; 
pl. ex, figs. 1-11; Fl. Foss. Arct., Vol. IV, Pt. I (J?oss. Fl. Spitzb.), p. 84, pl. xix, 
figs. 12-14. Ettingshausen, Pl. Tert. v. Bilin, III (Denkschr. Wien. Ac:td., Vol. 
XXIX), p. 15, pl. xlii, fig. 7. Schimper, Pal. Veg., Vol. III, p. 118. Zwanziger, 
Mioc. Fl. v. Liescha, p. 68, pl. xxvi, fig. 1. Saporta, Monde des Plantes, p. 325, 
fig. 98, No. 1. Staub, AQ_uitan. Floraja, p. 31, pl. iii, figs. 2, 3. 

DoMBEYOPSIS CRENATA Ung., Gen. et Spec., p. -148. 

Plate XXXIX, Fig. 1.-Bnll Mountains, Montana; collected by Hayden and 
Peale in 1883. 

This impression, which occurs in the soft white clay of Bull Mount­
ains and wants both petiole and summit, has precisely the form of many 
of the figures of G. crenata. The parts of the leaf that are present are 
very perfectly preserved, and upon close inspection it appears that the 
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margins, instead of being crenate, are minutely sharply serrate, the 
teeth being usually provided with short nervelets from the arches of 
the secondary system. Whether this is sufficient to remove it from this 
species or even from the genus I will not now attempt to decide. Should 
the latter be necessary the Rhamneffi would seem to be the order into 
which it must find its way, where it will find analogues in Paliurus, 
Oeanothus, Zizyphus, &c. In this connection it may be advantageous 
to compare it with Zizyphus tUimfolius (Ung.) Heer (Uhlor. Prot., pl. 
xlix, figs. 3, 4) and with Paliurus Favonii Ung. (op. cit., pl. 1, figs. 7, 8). 

? Grewia celastroides, n. sp. 

Plate XXXIX, Fig. 2.-Iron Bluff, Montana. 

Leaf large (Scm. wide), ovate (~), slightly heart shaped, coarsely and 
sharply serrate to near the base, petioled ; nervation pinnate, crasped­
odrome ; midrib as thick as the petiole, curved near the base; sec­
ondary nerves numerous, approximate, parallel, comparatively light, 
gently curved upward, lower ones nearly horizontal, opposite, branched, 
the rest alternate, forking, the ultimate ramifications entering the teeth; 
nervilles distinct, flexuous, often forked, traversing the areas at nearly 
right angles to the nerves. 

Since submitting my paper for the Sixth Annual Report of the U niteu 
States Geological Survey, in which this species and the next receiYed 
their present designations after such a study as I was then able to giYe 
them, I have been led by grave doubts to reinvestigate this entire group, 
and while I cannot claim to have settled the question of the generic rela­
tionship of these forms I have at least found reason to doubt still more 
strongly their affinity with the genus Grewia. It is true that in G. 
tUiacca U ng. (Sylloge, Ill, pl. xiii, figs. 12, 13) the nervation is pinnate 
aml analogous to that of these specimens and that some living specieR, 
as G . .As·iatica L., G. occidcntalis I.1., &c., have a somewhat similar nerva­
tion, but the normal disposition of the nerves of the genus is palmate or 
subpalmate and somewhat aerodrome. While many are crenate and 
even dentate they are rarely so prominently and sharply toothed as in 
tllese forms. They are generally more or less camptodrome, even when 
serrate, and the secondary nerves do not fork. · 

In Grewiopsis, as founded by Sa porta on Sezanne specimens, there is 
eousiderable deviation from the type of Grewia in the direction of a 
more pinnate nervation, but the lowest nen·es are usually more ascend­
ing and none of tile secondaries are dichotomous. As extended by 
Lesquereux to embrace Laramie forms this deviation is carried further. 
In G. Saportana Lx. (Tert. Fl., pl. 1, fi·gs. 10-12), though the margins 
are nearly entire, the secondary nerves are pinnate and somewhat diclwt­
omous. In the Dakota group forms of the same author (Cret. Fl., pl. iii, 
figs. 2, 4; pl. xxiv, fig. 3) these characters appear still more distinctly, 
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and it these references are correct they seem to furnish a clew to the 
proper relationship of the forms under consideration. 

Our present specimen, as will be perceived, is from the same bed that 
furnished the forms referred to Celastrus. If its upper portion had 
been preserved it mig-ht have exhibited the peculin,r celastroid nerva­
tion seen in tl1ese forms, but this peculiar nervation is also seen in some 
forms of Grewiopsis (cf. G. tremulfl'joUa, Fl. Foss. de Sezanne, pl. xxxiii, 
fig. 8; G. Sa.portana Lx., Tert. Fl., pl. 1, fig. 11; G. Oleburni Lx., op. 
cit., pl. lxii, fig. 12), and the question may yet arise whether these forms 
can be so widely separated, as well as the question to what family of 
plants they really belong. 

'? Grewia Pealei, n. sp. 

Plate XXXIX, l!'igs. 3-5.-Bull Mountains, Montana; collected by Dr. A. C. Peale 
in 1883. 

Leaves petioled, ovate, heart shaped, 6 to 7 em. wide, 7 to 10cm. long, 
strongly toothed to near the base; petiole 2 to 3cm. long, thickened 
below, straight; nervation pinnate, craspedodrome·; midrib thick at 
the lower end, visibly diminishing at each slightly dilated node, straight; 
secondary nerves comparatively light, close together, especially near 
the base of the leaf, chiefly alternate, the lowest ones rising at an acute 
angle, immediately curving outward and somewhat downward nearly 
parallel to the auriculate base, giving off short tertiary nerves which 
enter the lower teeth, successively higher ones becoming horizontal and 
somewhat erect, curving upwards and branching more or less dichoto­
mon~ly, yielding tertiaries which sometimes further branch or fork, the 
ultimate ramifications reaching the margin without arching or anas­
tomosing; ne-.;-villes faint, percnrrent or forked, straight or somewhat 
bent, traversing the areas at right angles to the nerves. 

'fhese specimens occur in the soft white clay of Bull Mountains, and, 
though none of them shows the summit of the leaf, the base and central 
portion are r)reserved in the most perfect state. .All that was said re­
specting the last species applies to the present one and need not be re­
peated. The specimen (Pl. XXXIV, Fig. 6) which is described on 
page 79 as Oelastnts Taurinensis is from the same bed and occurs in im­
mediate association with these. I was at first inclined to regard them 
all as belonging to the same variable plant, but a close comparison 
shows a great difference in t1Je nervation, not, however, without numer­
ous points of resemblance. It may still be necessary to unite them. 

I have found scarcely anything with which to compare these forms. 
Perhaps t1Jey approach more closely to Grewiopsis sidmfolia Sap. (Fl. 
Fos!:l. de Sczanne, pl. xxxii, fig. 10) than to any other forat thus far made 
known, and it is to that genus rather than to Grewia that I now incline 
to refer them, along with the one last described 
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Grewia obovata Heer. 

GREWIA OBOVATA Heer, Fl. Foss. Arct., Vol. IV, Pt. I (Foss. Fl. Spitzb.), p. 86, pl. 
xix, figs. 15, 15b. 

Plate XXXIX, Figs. G, 7.- Seven Mile Creek, Montana; white marl bed. 

One of the greatest difficulties in the study of such forms as these is 
the great number of plants which it is possible to find having wholly 
different botanical relationships which still imitate them very closely, 
even to the details of nervation. Thus we may compare these leaves 
with Persoonia laurina Heer 1 (Fl. Tert. Helv., pl. xcvii, figs. 25-28), with 
Paliwrus zizyphoides Lx. (Tert. Fl., pl. li, figs. 1-6), with Elmodendron 
psiloca-rpum ( Ettingshausen, Blattsk. d. Dicotyl., pl. lxiii, fig. 3), with 
forms of Coprosma (op. cit., pl. xxiv, xxv), of Celastrus (op. cit., pl.lxii, 
lxiii), of Salix (Heer, Fl. Foss. Arct., Vol. II, Pt. III, Spitz b., pl. xvi, figs. 
62-u6; Ett., Physiotypia Pl. Austr., Vol. I, pl. xxv, figs. 4-6), of Oinnarno­
mum, Bumelia, Aralia, Proteoides, Pterocelastrus, Melastomites, Hyperi­
cum, &c. Great confusion and doubt necessarily result, and one is com­
pelled to fall back largely upon circumstantial evidence. Thus, as already 
remarked when speaking of another of these forms (sup-ra., p. 75),I was at 
first disposed to look upon them as immature and anomalous leaves of 
Populus cuneata, and this I still regard as possible, but upon the whole 
not probable. They may all belong to Zizyphus or Paliurus, or they 
may possibly be proteaceous. This last, however, is improbable on 
general principles. The nervation, so far as it can be made out, seems 
to be that of the species to which I have referred them, an¢! one of the 
specimens (Fig. 6) is an almost exact reproduction on a little smaller 
scale of Beer's plant as restored by him (loc. cit., fig. 15b). Doubtful as 
their affinities are, the impressions are in themselves quite perfect. 

GREWIOPSIS Sap. 

Forms of this extinct type were first described by Marquis Saporta 
fi·om the Paleocene of Sezanne, and Prof. Lesqnereux's discovery of sev­
eral Laramie species supposed to belong to the same genus is a further 
Jn'oof of the correctness of his remark that there is a close resemblance 
between the Laramie and these lowest Eocene beds of France and Bel­
gium. The following forms, if correctly referred to this type, will go 
far to confirm this view, as well as to show the essential unity of the 
Fort Union and lower Laramie system. 

As already remarked my two species, G-rewia celastroides and Grewia 
Pea lei, above described, should also probably be referred rather to Grew­
iopsis. 

1 P. lrwrina Pers. (P. jmTuginea Smith) is an Australian species having almost pre­
cisely the same form ( cf. Ettingshausen, Blattsk. d. Dicotyl., pl. v, figs. 8, 9). Heer 
makes no met!tion of this in the text (op. cit., p. 95), but names P. daphnoides as the 
nearest analogue of his plant. This seems to be a remarkable coincidence, if it is 
nothing more. 
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Grewiopsis platanifolia, n. sp. 

Plate XL, }..,ig. 1.-Seven Mile Creek, Montana; Sparganium bed. 

Leaf ovate, pointed, broadly cuneate at base, petioled, 9cm. wide, 
lOcm. long, sinuate-dentate to below the widest part; nervation pal­
mate, craspedodrome; midrib strong, slightly curved; lateral primaries 
rather light, rising from the base of the leaf at an angle of 35°, proceed­
ing straight to the margin above the middle of the leaf, or curving in­
ward near the margin and uniting with a branch of the next nerve 
above, each throwing out a large branch from the lower side a short 
distance above the origin (which also proceeds nearly straight to the 
margin and bears four or fiv~ tertiaries), branching again two or three 
times near the extremities or from the arches; secondary nerves from 
the midrib five on each side, the lower ones nearly as large as the lat­
eral primaries, opposite and parallel to them and to one another, simple 
or with one or two branches from the lower side and one light braneh 
from the upper side, which curves and joins the outer one from the next 
higher, forming a sort of arch from the summit of which a short nerve­
let passes into the adjacent tooth of the margin; nervilles indistinct, 
simple and percurrent, or forked, straight, and somewhat oblique, or 
more or less bent or curved. 

This specimen was picked up on the surface, where it had beAn some­
what weather worn, so as to render certain parts of the nervation dif­
ficult to make out, which doubtless accounts for the appare.nt difference 
in the nervation of the two sides. It is not possible to say with cer­
tainty whether it is the main trunk of the secondaries that curves up­
ward near the margin to join a branch from the lower side of the next 
higher or whether this proceeds directly to the margin and gives off a 
smaller nerve from the upper side. The latter is what seems to take 
place on the left side of the figure above, but it is so unusual and the 
other so common that I can but think that if the specimen were better 
preserved the latter would be found to be the real state of the case. So, 
too, on the other side, the absence of branches or arches must be attrib­
uted to their indistinctness or complete obliteration on the rock. This 
celastroid nervation is seen in several of Saporta's figures of Grewiop­
sis, particularly in G. tremulmfolia (Fl. Foss. de Sezanne, pl. xxxiii, fig. 
8), and to better advantage in the American species (cf. G. Saportana 
Lx., Tert. Fl., pl. 1, fig. 11, and G. Cleburni Lx., op. cit., pl. lxii, fig. 12). 
But for this character there might be good reason for referring this plant 
to Platanus, although its resemblance toP. Guillelmm, the principal non­
lobate species, is not close in other respects. It is perhaps nearer to 
Lesquereux's figure of Quercus platania Heer (Tert. Fl., pl. xxi, fig. 1). 

Grewiopsis viburnifolia, n. sp. 

Plate XL, Fig. 2.-Burns's Ranch, Montana. 

Leaf small (4.2cm. wide, 5.7cm.long), elliptical or somewhat rhombic, 
obtuse-pointed, cuneate, at bas_e, sharply toothed to below the widest 
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part; petiole nearly 2cm.long, curved below; nerv-ation palmate, eras. 
pedodrome; midrib strong, straight; lateral primary nerves compara­
tively light, subopposite, rising from above the base of the blade at 
an angle of less than 30° and proceeding straight to near the margin, 
where they abruptly curve upward and terminate in the teeth, ea.cl1 
provided with a very light basilar nerve and five or six parallel, equi­
distant tertiary nerves which curve and sometimes fork in passing to the 
margins; secondary nerves from the midrib five or six on each sirle, 
alternate, parallel to the lateral primaries and to one another, curving 
slightly upward and inward at their extremities, rarely forking close to 
the margin; nervilles distinct, mostly percurrent and perpendicular to 
the nerves joined, those near the margins often :flexed in the middle 
and sending short veinlets to the sinuses or to subordinate teeth. 

The character last described gives the nervation a slightly celastroid 
appearance. In the species last described the curved veins that skirt 
the margins and were regarded as branches of the secondaries are so 
faint that it may well be doubted whether they may not be more cor­
rectly regarded as nervilles such as we have here. In the present case 
all doubts are removed. 

I had long supposed that this specimen, which, with the help of a 
counterpart, we are able to present in an almost perfect state, repre­
sented a form of Heer's Viburnum Whyrnperi (Fl. Foss. Arct., Vol. II, Pt. 
IV, Greenland, pl. xlvi, fig.1b), which Prof. Lesquereux thinks may occur 
in Laramie strata (cf. Tert. Fl., p. 225, pl. xxxviii, fig. 7; pl.lxi, fig. 23), 
and which is closely related to V. vitijoliurn Sap. & Mar. (Sa porta, Monde 
des Plantes, p. 216, fig. 36); but close inspection shows that it can 
scarcely belong to that genus. It is not impossible that it is a diminu­
tive form of Platan~ts Guillelrnce Gopp. (cf. Tort. Fl. v. Schossnitz, pl. xi, 
figs. 1, 2); but this theory, too, I have been compelled to abandon in 
favor of regarding it as a Grewiopsis. Its nearest analogue would then 
be G. Clebu'i·ni Lx., already so often cited, which differs only slightly 
from G. trcmulcefolia Sap., also frequently referred to in discussing the 
present group. For ,other analogues, see Platanus Newberrictna Lx. 
(Cret. Fl., pl. ix, fig. 3), which may well be a Grewiopsis; Popul~ts at. 
tenuata A1. Br. (Lull wig in Palmontographica, Vol. VIII, pl. lxvii, fig. 8); 
and Alm.ts trinervia Wat. (Pl. Foss. de Paris, pl. xxxiv, fig. 7). 

Grewiopsis populifolia, n. sp. 

Plate XL, Figs. 3-5.-Burns's Ranch, Montana; the :first (Fig. 3) collected by Dr. 
White's party in 1~82. 

Leaves rather large (6 to 10cm. wide, 7 to 12cm. long), round ellip­
tical, sinuate-dentate or blunt toothed to near the cuneate, more or less 
decurrent base, petioled; nervation palmate, craspeclodrome; midrib 
straight or slightly curved, central, rather light, sometimes dichotomous 
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at the summit; lateral primary nerves alternate, snbtended by thin 
basilar ones, rising from above the base of the blade at an angle of 350 
to 4_oo from the midrib, gently curving upward in passing to the margin 
far above the middle, giving off about six developed branches from the 
outer (lower) side which also curve slightly upward, often branch or 
fork and go to the margins; secondary nerves from the midrib about 
five on each side, chiefly alternate, parallel to the lateral primaries awl 
to one another, branching, sometimes dichotomously, towards t.heir ex­
tremities; uervilles rather faint, ehiefly straight, percurrent and per­
pendicular to the nerves they join, those near the margins flexed in tho 
middle and sending short veinlets to subordinate teeth. 

These three impressions, all from the same bed, are perhaps suffi­
ciently similar to be grouped together as one species, and it is possible 
that the form last described, which resembles the last of the present 
group (Fig. 5), may belong with it. They have a strong general resem­
blance to the larger Sezanne forms (G. credner·icefm·mis Sap., G. anisom­
era Sap., and G. tUiacea Sctp., Fl. Foss. de Sez., pl. xxxiii, xxxiv), but 
no very close analogy with the American forms of Grewiopsis, unless it 
be G. tenuifolia Lx. (Tert. Fl., pl. xi., fig. 14). 

Tile presence in each case of basilar nerves, as well as the rounded 
teeth, recalled the cllaracter of Populus so forcibly that I was once of 
the opinion that the second and third forms (Figs. 4, 5) at least belonged 
to that genus. The last of these (Fig. 5) imitates states of P. alba I_J, of 
the living flora (cf. Saporta, Veg. Foss. de Meximieux, pl. xxiv, fig. o) 
and the other (Fig. 4) may be compared to P. nervosa elongata Now­
berry (Illustr., -pl. xiii, fig. 1), P. Gemellarii Mass. (Fl. Foss. <lei Seni­
g·al., pl. ix, tig. 13), or P. sclerophylla Sap. (Etudes, Ann. Sci. Nat., Bot., 
5e Ser., Vol. IV, pl. vi, fig. 13A). This leaf also simulates certain fos­
sils belonging to othel' genera, as, e. g., Cissus pctn·-otil~{olictJ Lx. ('fert. 
Pl., pl. xi., fig. 15), Proto ficus crenttlata Sap. (Fl. Foss. de Scz., pl. xx:vii, 
fig. G), Sterculia vrtriabilis Sap. (loe. cit., pl. xxxiii, fig. 6), Pterospermites 
·inccq'nifolitts Sal;· (loc. cit., figs. 3-5), P. spectabiUs Heer (Fl. Poss. Arct., 
Vol. VI,Abth. I,Pt. II,Nachtr. Foss. Fl. Gronld., pl. vi, 1ig.10), and .Alnus 
tr·ine'rvia vVat. (Fl. Foss. de Paris, pl. xxxiv, fig. 7). 'rlw largest speei­
meu (Fig. 3), however, is more on the type of Platanus and was at .first 
regarded as such. Excepting that it is not at all lobed it has somewhat 
tue chara,cter of P. R£tynoldsii Newberry, as shown in his Fort Union 
specimen ( ntustr., pl. xviii). It may also be compared to P. Hee'tii Lx. 
(Oret. and Tert. Fl., pl. iii, fig. 1), as may also tile smaller leaf (Fig. 5). 
This htst also very foreillly recalls certain arctic forms of P. affin'is Lx. 
(Fl. Foss. Arct., Vol. VII, pl. 1 vii, figs. 2, 4, pl. lix, fig. 7), a species 
which Lesquereux now relegates to Cissites (Oret. and Tert. Fl., 
p. 67). 

Notwithstanding these affinities this puzzling group may for the pres­
ent be left where it is. 
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Grewiopsis ficifolia, n. sp. 

Plato XLI, Figs. 1, 2.-Black Butte!:! Station, Wyoming. 

Leaves thin, ovate or elliptical, 4cm. wide, 7 to Scm. long, rou 
at the summit, cuneate at base, denticulate or nearly entire, except 
the apex; nervation pinnate, craspedo-camptodrome; midrib consp 
ously zigzag or nearly straight; secomhtry nerves about six ou 
side, very irregular, erect, branched or forked, curving upward near 
margin, and uniting with branches of the next higher, forming 
what angular undulations from which nervelets either proceed to 
margin or in turn curve before reaching it and form lesser arches, 
outer arches sending veinlets to the margins; nervilles very pr~::>mt'u tenlt.ll 
irregular in direction, much bent or l>roken and variously combined 
traversed by short branches, forming rather large, quadrate, recta .. ,_.,.,,..,, .. ._ 
or trapeziform meshes, those near the margin heavier, geniculate in 
middle, where they are joineu to the boruer by a short veinlet. 

The characters of the nervation above described, as well as the 
of the leaf, are so similar to those of G. SaportctJna Lx. (Tert. Fl., p. 
pl. I, figs. 10-12) that, when we remember that those specnm~~n~• 

also came from Black Buttes Station, \Vyomiug, it seems very pr<ma• 
ble that they all belong to one and the same species of plant. The 
difference is in the ultimate nervation, which is much more promu1en• 
in our specimens, though this may have been due to the accident 
preservation. This has many things in common with Ficus and may 
compared to that of F. asarifolia Ett. (Fl. Tert. v. Bilin, I, Denkschr.]l 
Wien.Acad., Vol. XX \ri, pl.xxv, figs. 2,3) and F. tilimfolia Heer (loc. 
fig. 4). It may also be seen in Ficus Carica L. and other living s·pe(~tes~··• 
But this same peculiarity also occurs in the Laurinem, the nervation 
which closely resembles that of Ficus. The specimen from the same 
bed (Pl. XXV, Fig.1) referred to Daphnogene elegans \Vat. (supra, p. 51) is 
similar in some respects to the specimen Fig. 2, and the other specimen 
(Fig. 1), aside from its denticulate apex, very closely agree!i with Lttw·us 
Olement-inm Pilar (Fl. Foss. 8usedana, pl. vii, fig. 15). It is also inter­
esting to compare tl1e nervation of these leaves with the Cretaceous 
forms of Reder a (H. plata no idea Lx., Cret. and Tert. Fl., pl. iii, fig. 5, 6; 
H. Schimperi Lx., op. cit., pl. iv, fig. 7). 

Grewiopsis paliurifolia, n. sp. 

Plate XLI, Fig. 3.-Black Buttes Station, Wyoming. 

Leaf of firm consistency, small (3.5cm. wide, 4.5cm. long), obovate, 
blunt-pointed, cuneate at base, coarsely and irregularly sinuate-dentate 
to below the middle, petioled; nervation pinnate, craspedodrome; mid· 
rib somewhat zigzag, central; secondary nenTes few (four or five on a 
side), very erect (30°), irregular and curving npwaru and passing into 
the teeth, the lowest bearing four or five outer tertiaries, the rest simple 
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or once branched, joined near their extremities by flexed cross-nerves 
(nervilles ~)~ which supply from the angle at the middle short branch­
lets to intermediate teeth of the margin; nervilles fa.int, irregular and 
variable, sometimes forming quadrate or trapeziform meshes. 

The size and to some extent the shape of this leaf are intermediate 
between G. Oleburni Lx. (Tert. Fl., pl. lxii, fig. 12) and G. orbiculata 
Sap. (Fl. Foss. de Sez., pl. xxxii, figs. 11, 12), but it is more narrowed 
at the base, so as to appear slightly obovate. The nervation is charac­
teristic of the group. 

Of all other outlying genera it approaches most closely to Paliurus 
Colombi Heer (cf. Fl. Foss. Arct., Vol. I, pl. xvii, fig. 2d), but it may also 
be compared to Parrotia pristina Heer (op. cit., Vol. IV, Pt. I, Spitzb., 
pl. xxi, fig. 5). Some of the smaller and doubtful forms of Viburnum mar­
ginatum Lx. (cf. Tert. Fl., pl. xxxviii, figs. 2, 3) resemble it, as does V. 
dichotomum Lx. (loc. cit., fig. 6), and, coming as they do from the same 
locality, these may really represent the same plant. Two of these spec­
imens (loc. cit.,. figs. 3 and 6) show the characteristic nervation of Grewi­
opsis and may not belonp- to Viburnum. There is another specimen of 
V. dichotomum in the collection (No. 966) which is narrowed at the base 
aud agrees still better with our plant. This specimen is remarkable 
for having a fragment of a bone of the famous dinosaur, A.gathaumas 
sylvestris Cope, preserved on the reverse of the same stone, all these 
specimens having been collected in this saurian bed. 

STERCULIACElE. 

PTEROSPERMITES Heer. 

The genus Pterospermum embraces fourteen species, which are all 
confined to tropical Asia. Baron von Ettingshausen referred to that 
genus certain leaf impressions found near Vienna, but Schimper prefers 
to refer these, as well as all the leaves and fruit resembling those of 
Pterospermum, to the allied extinct genus Pterospermites, founded by 
Heer on the fruits found in Switzerland. The greater part of the spe~ 
cies known by their foliar organs have been found at the North and are 
described in Heer's Flora Fossilis Arctica. They are for the most part 
distinguished by the presence of light horizontal or somewhat descend­
iiig·basilar nerves, sometimes hy a slightly peltate character, recalling 
the forms of Credneria, Protophyllum, and Aspidiophyllum. In P. ince­
quifoUus Sap., however, and the other continental forms these charae­
ters are not manifest. In those which I would place here they are more 
or less apparent. 

Pterospermites cordatus, n. sp. 

Plate XLI, Fig. 4.- Seven Mile Creek, Montana; bed below the ironstone. 

Leaf coriaceous, heart shaped, Scm. wide, entire at the base ; nerva. 
tion pinnate, camptodrome; midrib large below, rapidly diminishing; 
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secondary nerves alternate, distant, two pairs rising together from the 
immediate base of the midrib, the lowest ones light and descending, 
following the margins of the lobes, the other pair still somewhat de­
fmending and following the curvature of the margins at some distance, 
curving inward at their extremities and uniting with branches of the 
next higher, giving off several tertiary nerves which arch and anasto­
mose with one another, the rest stronger, ascending, branched, forming 
arches along the margin; nervilles simple, percurrent, straight or 
curved, traversing the very broad areas, joining the secondaries to­
gether and to tbe midrib, forming a sort of concentric network. 

Only the lower portion of one side and a triangular segment 7cm. 
long of the central part of this leaf are preserved, but these parts 
are so distinctive that they furnish reliable data for restoring the 
leaf. The thin basilar nerves are not wholly unlike those of the arctic 
forms. The entire and deeply cordate base somewhat resembles that 
of P. cord'ifolius Beer, from the Greenland Cretaceous (Fl. Foss. Arct., 
Vol. VI, Abth. II, Kreidefl. v. Gronlnd., pl. xxvii, figs. 2, 3); it is also 
much like P. spectabilis Heer (loc. cit., Abth. I, Pt. III, Mioc. Fl. N. 
Can., pl. ii, fig. 1). 

From a superficial point of view this form might be regarded as more 
nearly related to Apeibopsis, and may be compared to A. discolor Lx. 
(Tert. Fl., pl. xlvi, figs. 4, 6), also to A. Doloesi Heer (Fl. Tert. Helv., 
pl. cix, figs. 9-11). There is, however, some probability that the upper 
portion of the leaf was sinuate or even dentate margined. 

Pterospermites Whitei, n. sp. 

Plate XLI, Figs. 5, 6.-Burns's Ranch, Montana; collected by Dr. C. A. White in 1882. 

Leaves thick and coriaceous, large (7 to Scm. wide, 12cm.long), oblong, 
heart shaped, regularly sinuate or rounded dentate; petiole 3 to 4cm. 
long, straight, very thick, broadening downward, and grooved or fluted, 
the auricles of the leaf overlapping its summit from the under side; 
nervation pinnate, craspedo-camptodrome; midrib strong, rapidly di­
minishing, slightly inflated at the nodes, more or less curved or sinuous 
above; secondary nerves five or six on a side, lowest pair opposit~, very 
thin and short, strictly basilar, the rest alternate, distant, horizontal 
or ascending, curving upward and forming arches, or more frequently 
giving off tertiary nerves from near their extremities, which pass directly 
into the rounded teeth of the margins; nervilles very prominent, pass­
ing into tertiary nerves, simple and percurrent or fork~d and variously 
intersected, those from the midrib curved, forming an open concentric 
web. 

The two specimens here designated are the only ones that have as 
yet been discovered in the collection. The preliminary study which I 
gave them in the spring of 1883 sufficed to keep their charactf:lrs fresh 
in my mind when a few months later I visited the spot wh~r~ :p~. W~~tf} 
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bad ol>tained tlwm and searched diligently for aclditional represeu ta­
tives, but without success. I was at first disposed to regard them as 
uelonging to Apeibopsis, and I compared them carefully with Beer's 
A. Deloes,i, above referred to. In general form they agree with his fig­
ures quite well, but the nervation is here decidedly craspedodrome above 
and the margins are nowhere entire. The first specimen of the group 
next to be considered (Plate XLII, Fig. 1) was obtained at the same 
time and place, and, though much smaller, seems to belong to the same 
type of leaves, so much so that I was quite disposed to attach it rather 
to the present group. But this specimen shows several sharp teeth 
along its upper left border, and these probably eontiuued increasingly 
to the summit. From the great similarity in the two forms I think it 
not improbable that either of these specimens, had the summits been 
preserved, might have shown a tendency there to the formation of a 
more decided dentation. On the reverse of the same stone that con­
tains one of these specimens (Fig. 6) occurs the specimen that is de­
scribed on page 82 as Oelastrus curvinervis (Pl. XXXVI, Fig. 4), the 
direction of the 11erves of which, as well as its size and shape, inclined 
me to hope that it represeuted the summit of another leaf of this 
species. '11he very different dentation, however, and also the markedly 
celastroid nervation decided me to separate them, but not without 
some misgivings, and I regard the question as still debatable whether 
a consideral>le number of the forms above described, both as celastra­
ceous and as tiliaceous, may not be genetically related to these sup­
posed sterculiaceous forms, and whether these three families of plants 
may not have some common phylogenetic stock (such as the Credneri­
ace::.e, for example), to which they may yet all be traceu. This subject 
is one of interest ouly second to that of the paleontologic history of 
Platanus, and singularly enough both these series of forms seem to 
point to Credneria as a possil.>le con'l'erging point for them a~l. 

Pterospe1·mites minor. n. sp. 

Plate XLII, Figs. 1-3.-Burns's Ranch, Montana; two of the specimens (Figs. 1 and 3) 
collected by Dr. White's party in 1682. 

Leaves rather thick, oblong, 3 to 4cm. wide, 5 to Scm. long, ob­
Jiquely heart shaped, more or less serrate above, entire or merely undu­
late below, petioled; nervation pinnate, craspedo-camptodrome; mid­
rib straight or sinuous; lowest secondary nerves light and basilar, 
nearly opposite, the rest more or less ascending, alternate, branched 
from the under side, curving upward near their extremities and either 
entering the teeth or joining the tertiaries as they pass to the margin; 
nervilles distinct, mostly percurrent, simple and curving, sometimes 
forking or interlacing. 

The considerable differences in these three specimens seem scarcely 
to justify their separation. The first oue (Fig. ] ) llas already been men. 

(05) 



96 TYPES OF THE LARAMIE FLORA. [BULL.!rl. 

tioned and forms a sort of connecting link between the last and the 
present group. The second (Fig. 2) is shorter and broader and the 
teeth come farther down. This was obtained by my own party in 1883, 
but at the same locality. The third occupies the same slab on wh!ch 
one of the preceding forms (Plate XI-'I, Fig. 6) occurs. It l1as more the 
aspect of a Grewiopsis and is toothed to near the base; the nervation 
is also faintly celastroid. It is smaller than either of the others. In 
none of the specimens of this group, or, indeed, of all that are here re­
fmTed to this genus, is the absolute summit preserved. It is strongly 
hoped that such specimens may yet be found in the collection, as these 
specimens llave only been roughly selected, without the close study and 
comparison that remain to be given to the material. 

The first specimen (Fig. 1) resembles Pterospermites spectabilis Heer 
(Fl. Foss. Arct., Vol. VII, pl. lxxxi, fig. 2) and Pterospermum suberijolium 
Willd., from the East Indies (cf. Ettingshausen, Blattsk. d. Dicotyl., 
pl. xlix, fig. 9), and the second (Fig. 2) may be compared to P.fero~ 
Ett. (Foss. Fl. v. Wien, pl. iv, fig. 4). The third (Fig. 3), it must be 
confessed, resembles the other two more than it does any Pterospermnm 
or Pterospermites that I am able to compare it with. It bas, however, 
as already remarked, much the appearance of a Grewiopsis, and does 
not differ very widely from G. trmnulmfolic~J Sap. (Fl. Foss. de Sezanne,pl. 
xxxiii, fig. 8). It also approaches Lesquereux's Viburnum dichotomum 
(Tert. Fl., pl. xxxviii, fig. 6), and still more the unfigured specimen (No. 
966, already mentioned). It is also very probably the same as Phyllites 
cupanioides Newberry (Illustr., pl. xx, fig. 5), while the P. venosus New­
berry (loc. cit., pl. xxiv, fig. 4) must probably also fall into this group. 

For outlying analogues as to form and other superficial characters 
we may compare the specimen, Fig. 1, with Ficus Oolloti Sap. (Monde 
des Plantes, p. 317, fig. 1); the specimen, Fig. 2, with Quercus negun­
doides Lx! (Tert. Fl.,- pl. xxi, fig. 2) and with Rhus Evansii Lx. (loc. cit., 
pl.lviii,-fig. 5); and the specimen, Fig. 3, with Ficus elegans Web. (Palre· 
ontogr., Vol. II, pl. xix, fig. 7a). 

CREDNERIACE.lE. 

CREDNERIA Zenk. 

It is unnecessary here to renew the discussion which has gone on 
ever since the first description of leaves of this genus by Zenker, in 
1833 (Beitdige zur Naturgeschichte der Urwelt, Jena, 1833, p. 15), rela­
tive to their proper systematic position. From what has been said on 
the preceding page there would seem to be as yet no reason to suppose 
that the time has come when we can make any safe advance upon the 
suggestion of M. Schimper (Pal. V eg., Vol. III, p. 59) that they are more 
or less related to Pterospermites and Sterculia. 
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? Credneria daturrefolia, n. S..l_). 

Plate XLII, Fig. 4; Plates XLIII, XLIV: and XLV.-Seven Mile Creek, Montana; 
white marl bed. Plate XLVI, Fig. 1, represents a leaf of Datura Stmmonium L., 
introduced to illustrate the similarity of its nervation to that of the fossil leaves. 

Leaves large (8 to 15cm. in diameter), thick. and coriaceous, wrinkled 
as if by contraction of the substance within the epidermis, roundish or 
ovate in outline, more or less inequilateral, provided around the bord~r 
with large, unequally distant, more or less curved, sharp, spinulose 
teeth, often produced iuto long (3cm.) filliform appendages, abruptly 
8harp-pointed at the apex, sometimes cordate or horizontal, but usually 
narrowed, cuneate, or e\·en decurrent-alate at the base; petiole nearly 
as long as the blade, sometimes much longer, very thick, grooved 
below; nervation pinnate, craspedo-camptodrome; midrib very large 
below, rapidly diminishing upward, somewhat zigzag and swollen at the 
nodes, more or less one side of the middle, often far to one siUe and 
much curved toward the smaller side ; secondary nerves very variable, 
alternate, usually well developed, a light basilar pair sometimes pres­
ent, the rest usually more or less curved upward and passing into the 
spinous teeth, the lower giving off strong tertiaries which generally 
enter the teeth, but sometimes curve and form arches along the wide 
entire intervals between the teeth, the upper usually simple, often curv­
ing inward near the apex of the leaf, becoming aerodrome; nervilles 
mostly percurrent, curved, bent or wavy, sometimes forked or broken 
and appearing to end blind. 

A few fragments of this fossil accompanied Dr. White's collection of 
1882, and my attention was strongly attracted to the peculiar indenta­
tion that some of them presented. It reminded me more of the sp.inu­
lose teeth of the leaves of some species of Ilex than of those of any other 
leaf. The peculiar wrinkled appearance of the specimens also inter­
ested me, since it sometimes gave the impression of a very thin, rather 
than a thick, leathery, leaf. It was, therefore, with especial satisfaction 
that I found, on visiting the spot the next year under the guidance of 
Professor Foster, who collected the first specimens, that much better ma­
terial was to be 9btained. The figures represent ten of the best specimens 
collected by us, but a large number remain to be figured, some of which 
have been drawn and are before me for comparison. These furnish con­
siderable addition to our knowledge of the plant. Its true character is 
masked by several circumstances. The fine wrinkles and numerous 
b}emisbes' on the rock obscure the nervation so that this does not 
strike the eye until carefully worked out by the draftsman and shown 
in the drawings freed from those defects. The clay in which the leaves 
were em bedded was filled with a great quantity of other vegetable mat­
ter that must have floated in the overlying waters: stems of various 
kinds, short sticks, and frequently long filiform objects that very closely 
imitate veins of leaves and cannot be distinguished from the spinous 
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processes at the ends of some of the teeth. That such processes occur 
there is no douht, and one is tempted to believe that the detaehed fila­
ments covering and projecting from other parts of the le;aves are such 
appendages which belonged to nearly all the teeth and had been broken 
off. This view is strengthened by the fact that at points in the same 
bed where these leaves did not occur such loose filaments were absent. 

In speculating as to the true relationship of these remarkable leaf 
prints and in coneluding to refer them provisionally to Oredneria, I am 
far from clctiming that this disposition satisfies all the conditions of the 
problem and regard it as only somewhat better than calling them Pllyl­
lites. They laek almost entirely the peculiar horizontal basilar nerves, 
but these are not considered essential to the gc~nus (see G. integerrirna 
Zenk., Stiehler, in Palrnon to gr., Vol. V, pl. ix, i]g. 2; G. triamnninata 
Hampe, Hos. & Mck., in Palmontogr., Vol. XXVI, pl. xxxix, fig. 156; 
G. macrophylla Heer, Kreide:fl. v. 1\Ioletein, pl. iv). They are also \vant· 
ing in Ettingshausenia, a geuns allied to 0l'edneria and perhaps its im­
mediate ancestor. If we neglect this character, i. e., the lower portion 
of tile leaf, and compare our form, Fig. 1 of Plate XLIII, with Stiehler's 
figure of G. triacum,inata Hampe (Palmontogr., VoL V, pl. x, fig. 9), we 
canuot hut be struck with the similarity. Of course, the number of 
teeth in our plants is greater, teeth occurring in this same specimen to 
near the base, but in G. subserrata Hampe (Joe. cit., vl. xi, fig. 10) and in 
G. denticulata Zenk. (loc. cit., vi. ix, fig. 4, and Zenker, Naturgescllichte d. 
Urw., pl. ii, fig. E) we have teeth at the summit 11ot unlike those of our 
Figs. 2 and 3 of Plate XLIV. 'rlw leaves of most crednerias are more 
or less palmately tripliuerved, but this is not the case with two species 
figured by Heer, the one from Moletein aboY~ referred to and llis G. 
inte[Jerrima Zenk, from Igdlokunguak (FJ. Foss. Arct., Vol. VI, Abtll. 
II, Kreiclefl. v. Gronld., pl. .xxxvi, fig. 4). In the Moletein and Green­
land specimens the lower lateral nerves are disposed iu very much tlle 
same general way as in ours. The smaller leaves toothed above (Pl. 
XLIV, Figs. 2, 3), of which more occur in the ·colleetion, resemble 
Ettingshauseuia mueh more closely than they do Oredneria, awl may 
be compared with E. cuneifolia (Bronn) Stiehl. (iu Broun, Lethma Geog­
nostica, Atlas, pl. xxviii, fig. 11) and E. tremulmfolia (Brongn.) Stiehl. 
(Brongniart, Tableau des gen., p. 111; Schimper, Pal. Veg., Vol. III, 
p. 62, Atlas, pl. xcvi, fig. 28). The only serious objeetiou to referring 
them to that genus seems to be the more simple (pinnate) nervation. 
But transition forms occur, as seen in Fig. 5 of the same plate and Fig. 
1 of Plate LVII, which forbid tile separation of any of the Yellowstone 
specimens. 

If we look entirely outside of this group for analogues of certain char­
acters possessed by these impressions we shall find many, but it will 
be difficult to find any considerable uum ber of them combined in one 
species or genus. If we take the teeth, which are perhaps the most 
interesting feature and the one most difficult to reconcile with the 
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Oredneria theory, we fiuu something like them not only in our Ilex 
opaca L., but in I. oclora Sieb. and other living species, and still more 
pronounced in the fossil Rpecies, I. lwrrida Sap. (Etudes, .Ann. Sci. Nat., 
Bot., 5e Ser., Vol. IV, pl. xi, fig. 9, and Vol. IX, pl. vi, fig. 3). Much 
the same character is also seen iu iorms of Hakea, figured by Saporta 
in the Etudes (H. attenua,ta R. Br., H. mahoniccformis Sap., op. cit., 4e 
Ser., Vol. XIX, pl. vii, figs. 6, 7a). Berberis presents other analogues, 
hut perhaps the nearest approach is to be seen in forms of Quercus be­
longing to the bienn.ial fruiting section, as, e. g., Q. coccinea Wang. Here 
there are fine spinulose filaments which are somewhat soft, at least not 
spiny, projecting to some distance beyond the termination of the proper 
lobes or teeth. In Q. arma.ta Sap. ( op. cit., 5e Ser., Vol. IV, pl. vi, fig. 8), 
we probably see an oak of this group. In Q. granclidentata, Ung. (in 
Web., Palreontogr., Vol. II, pl. xYiii, fig. 12) and Q. Scillana Gaud. 
(Oontr., II, pl. vi, fig. 3) we see further examples of sharply toothed 
oaks somewhat similar to our plant. 

The general form of these leaves is somewhat similar to that of some 
species of Platanus, such as lack the decidedly palmate nervation, as, 
for example, P. (]J)ynhausiana Gopp. (Tert. Fl. v. Schossnitz, pl. x, figs. 
1-4), and tlle manner in w hicll the nerves enter the curved teeth is 
often imitated by P. or-ientalis L. Oissites Heerii Lx. (Oret. and Tert. 
Fl., pl. v, fig. 2) from tlle Dakota group is very similar to an Ettings­
hausenia (see figures above cited) and is vividly recalled by our smaller 
specimens (Pl. XLIV, Figs. 2, 3) with teeth across the summit. This 
comparison may prove valuable both for the Cretaceous and the Fort 
Union plants. Pterospermum is usually entire margined, but in P. 
s~~berifolium Willd. (Ett., Blattsk. Dicotyl., pl. xlix, fig.9) and in the 
undetermined species figured by its side (loc. cit., fig. 6) we see a tend­
ency to lobation above that recalls Credneria and may point to some 
ancestor with these characters. 

Without enumerating the many other forms which have presented 
themselves in my somewhat exham~tive attempts to match these leaves, 
I will conclude by referring to an unexpected analogue, the discovery 
of which is due to Mr. Everett Hayden, who has so successfully de­
lineated all these specimens, in the common Jamestown-weed (Datura 
Stramonium L. ). Mr. Hayden's familiarity with every detail of the nerva­
tion unconsciously led him to compare every leaf seen by him anywhere 
with those upon which he had bestowed so much attention, and when 
this came before him he was much struck by the resemblance it bears 
to these enigmatic fossils. He conferred with me on the subject, and I 
requested him to draw a leaf of the Datura to accompany his drawings 
of the fossils. That figure (Pl. XLVI, Fig. 1) shows bow far the two 
forms will bear comparison and also the points of divergence. I deemed 
the resemblance sufficiently close to be commemorated by the specific 
name adopted, while at the same time I cannot say I have the least 
idea that it bas any phylogenetic significance. The detailed nervation 
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(nervilles) is very unlike the fossil plant, the general form more elon­
gate, though this varies in both the fossil and. the living plants, but t"lle 
general character of the secondary nerves and that of the dentation 
are remarkably similar in the two forms. 

MENISPERMACEJE. 

COCCUL US DC. 

Two of the ten species of Cocculus known to the present flora of the 
globe are indigenous to North America, one of which, 0. Oarolinus DC., 
comes as far north as Virginia. The rest belong to warmer parts of 
the Old World (Asia and Africa). Although ~his family is so unquestion­
ably represented in a fossil state and belongs to the earliest dicotyled­
onous forms, it has been necessary to refer these archetypes to Meni­
spermum or a closely allied and now extinct genus, Menispermites, or 
else to the problematical genus Macclintockia Heer, which its author 
first placed in the Proteace:::e; then, following Sa porta, in the Menisper­
macem; but still later, changing his opinion again with the French 
author, in the Urticaccm. If any of these types can be regarded as re­
lated to Coccnltls it is this last, but its elongated form assimilates it to 
the Old World. species, especially to 0. laurifolius DC., and not to 0. 
Oarolinus. 

If we except the very imperfect and questionable fragments, 0. Kanii 
Sap. and C. Durnonti Sap., from the Heersian marls of Gelinden (Sa­
porta, Essai, pp. 63, 65, pl. x, figs. 1, 4), no fossil Cocculus has been dis­
covered below the Pliocene, unless we accept the view of Sa porta (V eg. 
Foss. de 1Y1eximieux, p. 265) that many of the arctic forms referred by 
Beer to Populus really belong to this genus. 

Cocculus Haydenianus, n. sp. 

Plate XLVII, Figs. 1-4; Plate XLVIII, Fig. 1.-Burn~:~'s Ranch, Montana (Plate 
XLVII, Figs. 1-3). Iron Bluff, Montana (Plate XLVII, Fig. 4; Plate XLVIII, 
Fig. 1); one of the specimens (Plate XLVII, Fig. 4) collected by Dr. White's 
party in 1882. Named in honor of Mr. Everett Hayden, who has taken a special 
interest in this plant. 

Leaves large (7 to 20cm. wid~), broadly ovate or orbicular, mucro­
nate, deeply heart shaped, entire or faintly undulate, slightly contracted 
above the middle, occasionally with a large rounded notch or sinus on 
one side near the apex or near the base or both, bounded all round by 
a thick marginal nerve or hem (paryphodrome); petiole long and very 
thick and succulent; nervation palmate or ~ctinodrome, craspedo-camp­
toclrome, brochiodrome; primary nerves seven to nine, rising from 
nearly a common point at the summit of the petiole, radiating in all 
directions at angles of from 30° to 50°, bra.nching in pa8sing out towards 
the borders, curving and anastomosing and forming two or thr~e series 
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of loops or festoons bounded by right lines, from the outer of which 
short straight veinlets pass directly to the bounding nerve, each loop 
occupied by a somewhat radiately or concentrically arranged network 
of quadrate or trapeziform meshes. 

The highly anomaJous character of these impressions had enlisted my 
special interest when, in the spring of 1883, with the assistance of Mr. 
Everett Hayden, I made a preliminary study of the few fragments con­
tained in Dr. White's collection of the preceding season. The nearest 
approach that we were able to make on that occasion was found in 
numerous species of Aristolochia 1 antl Asarum. So vividly had the form 
impressed itself upon the mind of Mr. Hayden that later in the 
season; while I was in the Lower Yellowstone region collecting better 
material from the same beds, I received a letter from him, then oper­
ating with Mr. Diller's patty in the Cascade Range, inclosing leaves 
of an Asarum (A. Hat·twegi Watson) which he had seen growing on the 
mountains and thought to resemble closely the fossil leaves, as in fact 
they do. But after returning from that season's work with rich sup­
plies of excellent material it soon became apparent, upon a renewal of 
the study of tllis form, that the Aristolochiacem did not furnish there­
quired solution of the problem, and it was not until I had met with Sa­
l)Orta's figures of CoccuJus latifolius Sap. & Mar. (V eg. Foss. de Meximieux, 
pl. xxxi, figs. 4-7; pl. xxxii, fig. 1) tllatl felt satisfied that I was at last 
in the way of such a solution. In these I found great solace, and the more 
I studied them and the genus the more satisfied I felt that the Laramie 
plant not only belongs to Uocculus, but to a species very closely related 
both to the Pliocene form and also to the living American species, 0. 
Ca:rolinus DO. In some respects our fossil forms agree better with the 
living plant than with that of Meximieux. For example, the marginal 
nerve is clearly visible in the former. This is in both cases a true hem 
(Saumlaufer of Heer), such as we see in Callistemon and Melaleuca, and 
not merely a nerve running close to and parallel to the margin, as seen 
in many species of Eucalyptus and in Myrica Torreyi Lx. (Tert. Fl., p. 
124, pl. xvi, figs. 4, 8), which should be distinguished by a different name. 
I propose to designate the truly hemming nervation by the term paryph­
odrome. Into this hem, in both tbe American fossil and living forms, 
run the short veinlets that go off from the outer loops or arches. This 
latter peculiarity is observable in some species of Cinnamomum, and we 
met with it in our Ficus speciosissirna (supra, p. 39, Pl. X.XI, Fig. 3), 
though these cases do not seem to show the bounding nerve. The pres­
ence of a distinct mucro is also a common feature of both these plants. 
In form, however, our fossil is nearer the Pliocene species, and the 
obtuse lobe seen in one of Sa.porta's specimens (loc. cit., pl. xxxi, fig. 5) 
is almost exactly reproduced in our specimen (Plate XL VII, Fig-. 3). 

1 It seems to me very proba.ule that Heer's Puilasok specimen of A1·i~>tolochia borealis 
(Fl. Foss. Arct., Vol. VII, pl. cvii, fig. 13) may represent a. Cocculus very similar to 
onrs, if not tbe same Apccies. 
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In one of the unfignred specimens which shows scarcely anytldng else 
ther~ occurs a still incomplete petiole oYer 6cm. long and of about the 
thickness of that of specimen Fig. 4. The petioles have the appearance 
of being succulent, and I can scarcely divest myself of the idea that the 
plant was semi-aquatic or grew in marshy districts; although this is not 
the habit of the living species of the genus. 

This reference of these impressions to Cocculus furnishes so many 
evidences of being the correct one and satisfies the conditions of the 
question so much better than any of the other hypotheses that have at 
different times been acted upon that I scarcely deem it worth the read­
er's while to review the steps in the researches that I have made or to 
e-xamine the many other forms that have been found to present some one 
and some another of the peculiarities that characterize this new and 
interesting addition to the Laramie flora. 

MAGNOLIACE.IE. 

LIRIODENDRON L. 

Only a single species of Liriodeudron, the common tulip tree of North 
America, remains in the present flora as the descendant of the dozen or 
more that have been described in the fossil state, running back to the 
earliest date from which we have any consistent record of the existence 
of dicotyledonous plants. 

Liriodendron Laramiense, n. sp. 

Plato XLVIII, Pig. 2.-Point of Rocks Station, Wyoming; gray sandstone bed north 
of station. 

Leaf nearl.f Dcm. broad, horizontal at base, the sides vertical, en­
tire, petioletl; nen·ation pinnate, camptodrome, brochiodrome; midrib 
straight, central, rapidly diminishing upward; secondary nerves strong, 
straight, issuing at an angle of 60°, the lower branching dichotomously, 
the rest forking at some distance from the margins, forming one or two 
series ofloops which furnish camptodrome nerYes of the third and fourth 
order that form small areolre close to the margin ; nervilles traversing 
the larger areas percurrent, and straight or curved, or forking and in· 
terlacing in the middle, those within the festoons resolved into a fine 
network of regulnr quadrate or rectangular meshes. 

The absence of all the upper part and much of one side of this leaf 
renders it impossible to say whether it possessed the-characteristic loues 
and truncate apex of the genus, but enough is preserved to show that 
if lobed thP. lobes are much higher up than is usual with the living 
species. In all the parts that are present the form and nervation aro 
so clear and so characteristic of the genus that there Reems little donut 
as to its affinity. It resembles L. Tulipifera L. more than any of the fossil 
species, nearly all ofwhich are "mailer. Next after· this species it should 
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be compared to L. Proccacinii 1\Iass., which l1as the lobes rather high. 
The analogy to Pop~tlu.s Stygia Hecr was mentioned in tlte Sixth Annual 
Report of the United States Geological Survey (p. 534), but the more I 
examine this the more I incline to regard it as accidental and super­
ficial. 

MAGNOLIAL. 

This genus embraces about fourteen species, more than half of which 
are natives of North America, the rest occurring . in eastern Asia and 
Japan. It is therefore just such a genus as we should expect to be 
represented in North American strata. We have, in fact, six Laramie 
Hpecies of the thirty or forty alreauy known in the fossil state. There 
are seven or eight Cretaceous species, ranging from the Cenomanian to 
the Senonian, as many Eocene, ancl the remainder are Miocene. The 
specimens to be described are from the same bed as the one last consid­
ered. I have not succeeded in relegating them to any species thus far 
made known. 

Magnolia pulchra, u. sp. 

Plate XLVIII, Figs. 3, 4.-Poiut of Rocks Station, Wyoming; gray sandstone bed 
north of station. 

I .. eaves broad (7 to 8cm. wide, 10 to 12crn. long), e1liptical or some­
what obovate, entire, obtuse or somewhat acute short-pointed; nerva­
tion pinnate, camptodrome, somewhat brochiodrorne; midrib strong 
throughout, nearly straight; secondary nerves proceeding from it at 
an angle of 50°, eight or nine on a side, subopposite or alternate, di­
chotomously branching once or twice, the branches anastomosing and 
forming arches or loops from which faint veinlets proceed towards the 
margin, usually appearing to lose themselves in the parenchyma; nerv­
illes very faint, forking and joining in the middle of the areas, forming 
elongated cuneate areolre . 
. The characters as above described are those of Magnolia. 'Ihe speci­
men, Fig. 3, shows, with the help of a counterpart, nearly a complete leaf, 
except the base, which had begun rapidly to narrow. The outline is 
clear, black upon a gray ground, but the nervation is obscured lly the 
presence of white blotches or dots of some material that had worked its 
way into the crevice made by the presence of the leaf. Tbe other speci­
men is not thus affected, and shows that the nervation was somewltat 
hyphodrome in character, tending to prove thn.t the leaf was rather 
thick, wilich would not otherwise appear from tile specimens. Tile 
point of this latter specimen, which shows ouly the upper part of a 
smaller leaf, is quite obtuse, that of the other beiug acute; this, how­
ever, does not seem to constitute a specific difl:'ereuce. 

The form seems to be nearly related to 111. Oapellinii Heer (Pbyll. Cret. 
dn Neb., pl. iii, figs. 5, 6), which, though never abruptly contracted at 
the summit, is sometimes obtuse, sometimes a:cnte (compare Fl. Foss. 
Arct., Vol. III, Pt. II, Kreidetl., pl. xxxiii, fig. 4, with op. cit., Vol. VI, 
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Abth. IT, Kreidefl. v. Groulan(l, pl. xlv, fig-. 1 ). They alRo hnve much 
tho same shape and character as the stmtller Urr.tnceons species, M. obo· 
vata Newberry (Illustr., pl. ii, :fig. 2). 

GAMOPETAL.lE. 

EBENACElE. 

DIOSPYROS L. 

A very large genus of universal distribution, though chiefly tropical 
and subtropical. Of the more than one hundred and fifty species only 
two are North American. One of these, D. Virginiana L., the common 
Persimmon, is found throughout the Southern States and as far north 
as Southern New York, Ohio, and Iowa. The other,]). Texana Scheele, 
the Mexican Persimmon, is chiefly confined to Mexico and Texas. 

The evidence is convincing that the genus played a prominent role 
in the floras of past geologic epochs, especially in the Tertiary, remains 
of its leaves, fruits, and characteristic calyx having been found in 
abundance. The genus ranges from the Arctic Cenomanian and Amer­
ican Dakota group to the upper Miocene and perhaps into the Pliocene. 
A large number of the species are Arctic Miocene and four are Alaskan. 
Of the strictly American species four are from the Dakota group, four 
from tile Laramie group, and two from the Green River group. Two are 
from Vancouver Island, one from the Cretaceous of British America, and 
four from the Miocene of Alaska.. 

Diospyros brachysepala Al. Br. 

DIOSPYROS BRACHYSEPALA Al. Br., Tert. Fl. v. CEningcn, N. Jahrb. f. Min., 1845, p. 
170. Unger, Blatterabdr. v. Swoszowice, Abh. Haidinger, III, Abt.h. I, p. 125, pl. 
xiv, fig. 15; Gen. et Spec. Pl. Foss., p. 435. Heer, Fl. Tert. Helv., Vol. III, pp. 11, 
191, pl. cii, figs. 1-14; Fl. Foss. Arct., Vol. I, p. 117, pl. xv, figs. 10-12; pl. xvii, 
figs. 5h, 5i; Vol. II, Pt. IV (Foss. Fl. N. Greenltl.), p. 475, pl. lv, fig. 8; Vol. V, 
Pt. II (Foss. Fl. Sibir.), p. 41, pl. xi, figs. 3-6a; Vol. VI, Abth. I, Pt. II (Nacbtr. 
z. Foss. Fl. Gronld.), p.13, pl. iii, figs.15, 16; Vol. VII, p. 109, pl. lxxix, tigs. 1-8; 
pl. xcii, fig. 10; pl. xciv, fig. 6; Mioc. Balt. Fl., p. 84, pl. xxvii, figs. 1-G; pl. 
xxviii, fig. 1; Braunkohlenpfl. v.- Bornstadt, p. 1G, pl. iii, figs. 7, 8; Urw. 1ler 
Schweiz, pp. 354, :355, fig. 215. Sismonda., Pal. Terr. Tert. dn Piem., p. 44:1, pl. xi, 
fig. 6; pl. xvi, fig. 5; pl. xix, fig. 3. Ettiugshansen, Foi:ls. Fl. v. Bilin, II (Denkscbr. 
Wien. Acad., Vol. XXVIII), p. ~32, pl. xxxviii, fig. 21:!; pl. xxxix, ftg. 1; Fo<;s, Fl. 
(1. Wetterau (Sitzb. vVien. Acad., Vol. LVII, Abth. I), p. 86G, pl. iii, fig. 7. Engel­
harclt, Fl. d. Braunk. Sachsen (Preisschr. Jabl. Ges., 1870, XVI), p. 21, pl. Y, figR. 
8-10; Tert. Fl. v. Gohren (Nova Acta L.-C. Acad., Vol. XXXVI), p. 28, pl. (v) xii, 
fig. 7; Tert. Pfl. LeitmerHz ( op. cit., Vol. XXXVIII), p. 3G2, pl. xviii, figs. 1, 2. 
Lesquereux, Tert. Fl., p. 232, pl. xl, figs. 7-10; pl. lxiii, fig. 6; Cret. and Tert. 
Fl., p. 174, pl. xxxiv, figs. 1, 2. Schimper, Pal. Veg., Vol. II, p. 949. Geyler, 
Foss. Pfl. a. d. Ohertert. Ablag. Sicilien's, p. ~26, pl. (i) lxviii, figs. 12, 13. Zwan­
ziger, Mioc. Fl. v. Liescha, p. 66, pl. xxv, figs. 1, 2. Pilar, Fl. Foss. Snsedana, 
p. 82, pl. xiv, fig. 1. 

Plate XLIX, Figs. 1, 2.-Burns's Ranch, Montana (Fig. 1). Seven Mile Creek, 
Montana (Fig. 2). 
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The nearly perpendicular nervilles and the slightly decurrent base 
are about the only objections to this reference. The first of these may 
be seen in many of the figures that have been assigned to this species, 
while the latter is clearly visible in two of Heer's figures (Fl. Tert. 
Helv., pl. cii, figs. 4, 7). I therefore refer these two impressions to 
that widespread and polymorphous species with considerable confi­
dence. 

Diospyros ficoidea Lx. 

DIOSPYROS T FICOIDEA Lx., Bulletin U.S. Geo1. Surv. T{'rr., Vol. I, p. 387; Ann. Rep. 
U.S. Geol. Surv. 'l'err., 1874, p. 314; TCirt. Fl.,p. 231, pl. xl, :figs.5,5a, 6. 

Plate XLIX, Figs. 3, 4.-Burns's R.ancb, Montana (Fig. 3). Clear Creek, Mon­
tana (Fig 4). 

The close correspondence between these specimens and those from 
Black Buttes collected by Mr. F. B. Meek leaves little room for doubt­
ing their specific identity. There is one unfigured specimen (No. 336 
Nat. Mus., Lesquereux's original No. 862) which shows the base and 
petiole. It is smaller than our specimen, Fig. 4, but agrees substan­
tially with it in the form of the base. The petiole is here shown to be 
1.5cm. long and somewhat curved. This specimen should be figured. 
The Clear Creek specimen occurs in immediate association with the 
abundant Viburnum leaves. In the Burns's Ranch specimen we have 
the oblique nervilles, nearly perpendicular to the midrib, slightly cunr­
ing first upward and then downward, in strict imitation of those of JJ. 
Virginiana L. The ultimate nervation in both specimens is very similar 
to that figured by Lesquereux from the Black Buttes specimens (loc. 
cit., fig. 5a). 

? Diospyros obtusata, n. sp. 

Plate XLIX, Fig. 5.- Seven Mile Creek, Montana; bed below the ironstone. 

Leaf tliick, coriaceous, ovate, 4.2cm. wide, 7cm. long, entire, rounded 
at the base, obliquely obtuse at the summit; nervation pinnate, camp­
todrome; midrib strong, nearly straight, central; secondary nerves 
eight on a side, inequidistant, issuing at an angle of 400, branching 
above, curving upward and forming single or double rows of arches, 
lower ones opposite, lowest pair light basilar, simple, third and fourth 
pair strongest, uppermost curving inward; nervilles rather indistinct, 
simple, straight or slightly curved, percurre.nt, somewhat oblique to tue 
nerves they join. 

This specimen seems to represent a hitherto undescribed ~pecies of 
Diospyros. Its nearest affinities are perhaps with JJ. varians Sap. (cf. 
Etuues, Ann. Sci. Nat., Bot.~ 5e Ser., Vol. III, pl. vi, fig. 4A), which, 
however, is usually much more elongated and often acute at the base. 
In general form and principal nervation it approaches the Phyll-ites 
ovatus of Rossmassler (Verstein., pl. ii, fig. 9) more closely than any 
other figure with which I have been able to compare it, but in that the 
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secondary nerves are all alternate and the finer details are obscure, 
especially around the margin. That figure may represent a Diospyros, 
though no author has, to my knowledge• ever thus referred it. 

Our form is not unlike certain leaflets of the Leguminosm and may oo 
compared to Dalbergia grandifolia Sap. ( op. cit., Vol. IV, pl. xiii, fig. 13) 
or to Leptolobium tomentosum Poltl (Ettingshausen, Nervation d. Papil· 
ionaceen, Sitzb. Wien. Acad., Vol. XII, pl. xviii, figs. 3, 4). 

CAPRIFOLIACE.IE. 

VIBURNUM L. 

The important role which this g-enus bas played in the fossil flora of 
the globe is the more remarkable as it is always assigned to the gamo­
petalous division of dicotyledonous plants, otherwise so rare in the fossil 
state. But this need not perhaps surprise us when we remember that 
so far as known all the species of Viburnum are shrubby and that they 
grow chiefly in low ground along the banks of streams and bodies of 
water, where their leaves have an excellent opportunity to be embedded 
in the mud of river deltas and inland seas. The classification according 
to the presence or absence of petals or their freedom or cohesion is no 
longer believed to have any great phylogenetic value, and the chief 
reason for believing that the Gamopetahe were· the last to appear is the 
fact that in the present flora a so much larger proportion of them are 
h<·rbaceous than of the other divisions of Dicotyledons. This fact, too, 
supposing it to have always been so, would account for the smaU num. 
ber found fossil, since it is very difficult for herbs to be preserved. But 
it is not believed tllat it bas always been so, for nearly all the fossil 
floras bear evidence of a warmer climate, and the effect of a warm cli­
mate is to convert the herbs iuto shrubs mHl trees. Again, this con<li· 
tion of tlle floral etl\··elope~ has mauifestly been subject to alteration 
through geologic periods, and it by no meam; fo1lows that because a 
form is now gamopetalous or pol,Ypetalous it was so in Miocene or 
Eocene time, and the discovery of the tlowers themselves in sufficiently 
perfect condition to test this question is an event that rarely, one may 
almost Ray ne,·er, happens. 

That Viburnum is a very ancient type there is much evidence. It 
now embraces about eighty species and is distributed throughout all 
the tern perate and subtemperate regions of the northern hemisphere. 
It is also found on the Andes. Fourteen species are indigenous to North 
.America, nearly all of which are abundant. .About forty species are 
known in the fossil state, amo-ng which the two now living species, Y. 
Tinus I.J. and V. pubescens Pursh, are thought to be identified. They 
range from the upper Cretaceous of Greenland (Patoot) and Westphalia. 
to the Pliocene of Meximieux and the Canary Islands. Thus far none 
have been reported from the Cenomanian or Dakota group and none 
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from the Green Rhrcr group. Aside from the Miocene, which, ot course, 
fnrnishes a great llnrnller, the Laramie gronp seems to be the richest ot 
all the formations in plants ot this type, 110 less than fifteen species 
having been already reported from its several beds in the west. Seven 
of these come from the upper or Fort Union deposits, and it is from 
these latter that all the additions that I have to make are also derived. 
In the several beds on the Lower Yellowstone visited by Dr. White in 
1882 and lly myself in 1883, anu notably those of Clear Creek and Cracker 
Box Creek on the ]eft bank of the river, there was found a vast profil· 
sion of Viburnum leaves and numerous seeds referable with great cer­
tainty to that genus. The study of these impressions, which was still 
unfinished when my paper for the Sixth Annual Report went to press, 
had then revealed tue presence in those collections of much greater 
variety in these forms than I had llelieved when engaged in collectit_1g 
thein, and I was obliged to regard as distinct species no less than four­
teen of the forms referable to that genus, ten of which must be pro­
visionally treated as new to science. 

Viburnum tilioides. 

TILIA ANTI QUA Newberry,· Later Extinct Floras, pp. 30,52; Illnstr., pl. xvi, figs. I, 2. 
Lesquereux, Ann. Rep. U.S. Geol. Surv. Terr., 18i6, p. 514; Cret. and Tert. Fl., p. 
233. Schimper, Pal. Veg., Vol. III, p. 115. 

Plate L, Figs. 1-3; Plate LI, Figs. 1-8; Plate LII, Figs. 1, 2.-Clear Creek, 
Montana; one of the specimens (Plate LII, Fig. 2) collected by Dr. White's party 
in 188~. 

Leaves thickish, ovate or elliptical, 6 to 12cm. wide, 7 to 14cm. long, 
heart shaped, short-pointed, rather coarsely and regularly simply toothed 
to very near the base; nervation pinnate, craspedodrome, very promi­
nent, forming deep furrows or ridges upon the stone; midrib nearly 
straight, generally central, but sometimes far to one side; secondary 
nerves abont nine on each side, the lower approximate or wedging to­
gether near .tlle base of the leaf, sometimes nearly opposite and horizon­
tal, the rest more distant and ascending, all but the upper branching 
somewhat sympodially from the under side, the upper strictly once or 
twice forked near their extremities; tertiary nerves usually entering tho 
teeth; nerYilles very distinct, usuall,y simple, straight, approximate, 
parallel, porcurrent, traversing tho areas at right angles to the nerves, 
sometimes curved or wavy, rarely forked or united, branches from the 
outer ones sometimes entering the sinuses of the margin; drupes 2 to 
2.5em. long, lcm. thick, short ,pediceled; putamen deeply 2 to 3 grooved 
longitudinally. 

Tho dght leaf specimens here brought together differ considerably 
from one ~nother, more perhaps than would be found to be the case 'vith 
as many leaves of the same species of a living plant, even though taken 
at random from different trees and from different parts of the trees . . 
Yet any one who has made a practice of comparing leaves in this way 
from known species is prepared to expect a wide variation in almost 
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any class of plants; At the same time, after a renewed study of th~ 
forms, I am ready to eliminate the specimens, Figs. 1, 2, Plate Lr, an 
Fig. 1, Plate LII, and refer them to other species. The rest, notwitl 
standing the yariety observed, seem with scarcely any doubt to belou 
to one and the same species. 

Tile above description, as any one may see, will include all the char 
acters of Tilia antiqua Newberry, and there is no assignable <lifieren 
between the only specimen I have seen of that species, which is one o 
those figured in the Illustrations of his Later Extinct Floras (pl. xv~ 
fig. 2), and several of those collected by myself (cf. Figs.l, 3, Pl. L; Fig. 
3, Pl. LI). In two of the specimens (Fig. 2, Pl. L, and Fig. 2, Pl. LII) 
the only noteworthy difference is that these are quite obviously meqni­
Jateral; but, as Dr. Newberry states that his plant is" often somewhat 
unsymmetrical," it may be inferred that he has specimens of a similar 
character. 

The question of the identity of the plants described under these two 
names may then be regarded ·as settled, and it remains to justify the 
reference of them all to Viburnum rather t.han to Tilia. Messrs. Ben­
tham and Hooker, in their Genera Plantarum, admit on1y eight species 
of Tilia as known to the Jiving flora, although ten are described in De 
Candolle's Prodromus. I have carefully examined specimens referred 
by their labels to sixteen different species, several of them, of course, 
merely synonyms, but differing somewhat, and I believe these to em­
brace nearly all the forms known. I find them all to agree in possess­
ing a strictly palmate nervation. The bundles of the petiole divide at 
the very base of the blade into a number (five to seven), often an even 
number, of primary nerves, one of which is always somewhat larger 
than the rest, but not analogous to the midrib of a penninerved leaf. 
The first true secondary nerves rise from the midrib, usually nearly op­
posite, at a considerable distance above the common origin of the lat­
eral primaries. In this important respect the Fort Union leaves do not 
agree with Tilia. They are strictly penninerved leaves. The lowest sec· 
ondaries arise from above the base of the blade. They do not all arise 
from precisely the same point, but are somewhat alternate. The next 
succeeding secondary nerves are not distant from these, but are nearer 
to them than to the ones above them. These are not characters of Tilia. 
All other authors have respected these facts, and of the great number 
of alleged fossil linden leaves which have been figured I find only one 
or two cases in which they have been disregarded, as, for example, Et­
tingshausen's T. Jlfilleri (Tert. Fl. Steiermark's, Sitzb. Wien. Acad., Vol. 
LX, Abth. I, pl. v, fig. 2) and one of Heer's Spitzbergen specimens of 
T. Malmgreni (Fl. Foss. Arct., Vol. IV, ft. I, Spitz b., pL xix, :(ig.18), and 
these I would incline to exclude from the genus. 

When, however, we turn to Viburnum and look in the section Lantana 
we find nearly all these conditions satisfied. We find ovate, dentate, 
penni nerved leaves, the lower nerves more approximate than the upper, 
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and somewhat wedging in together at the base, branching below and 
becoming dichotomous above. And if we are not satisfied with the 
~:~ize and amplitude of V. Lantana L., which, however, sometimes has 
leaves of considerable size (cf. Ettingshausen, Blattsk. d. Dicotyl., pl. 
xx, fig.12), we have only to turn to our indigenous V.lantanoides Michx., 
tlte hobble-bush or wayfaring-bush, which inhabits the moist woods 

·of the northern parts of the United States and of Canada and the 
mountains of more southern districts, and we here find a leaf having 
almost exactly the size, shape, and nervation of the fossils figured by 
Dr. Newberry, the resemblance being nearer to these than to auy of the 
specimens collected by myself. The teeth only are a little less promi­
nent, those of V. Lantana approaching more 11early those of the fossil 
form. v~lith Dr. Newberry'ti willingness to fiml living species among 
fossil remains, the wonder is not so much that he should have referred 
these forms to Tilia as that he did not declare them merely a fossil state 
of V. lantanoides. 

Finally, in addition to this evidence, I find in the beds where these 
leaves are so abundant as to obscure the presence of all other kinds a 
large uuml>er of detached fruits having all the characteristics of the 
drupes of Viburnum, but as large as those of the section Leutag-o, 
tlte Lluck-ha.w or sheep-berry. Unlike these latter, however, yet agree­
ing in til is respect with the section Lantana, the stone of these fruits is 
distinctly gToo\·ed or fluted. They are similar to Beer's V. macro­
spermum (Fl. Foss. Aret., Vol. II, Pt. III, Spitz b., pl. xiii, figs. 24-28). In 
some (Pl. LI, Figs. 6, 8) the stone alone seems to have been preserved. 
In others (Figs. 5, 7) the softer portions have left their impression. 
As several of the species still to be described were also found in this 
bed it is not certain, of course, that some or all of these fruits may not 
have belonged to one or more of these; yet, in view of the mucll greater 
abundance of this form, it seems more safe to refer the seeds to this 
species, and as no good characters have yet been found on which to 
separate them it seems that they must all go together. Still it is quite 
probable that some of them may belong to other species. 

The size of these seeds would alone be sufficient to separate them spe­
cifically from both V. Lantana, which bas seeds scarcely more than a 
centimeter long, and from V. lantanoides, which has them considerably 
less than a centimeter in length, and, therefore, we may treat both 
leaves and seeds as constituting an extinct species and commemorate 
the analogy of the former with the genus Tilia by giving the species a 
name derived from that genus. 

Viburnum pelfectum, n. sp. 

Plate LII, Figs. 3, 4; Plate LUI, Fig. 1.-Clear Creek, Montana. 

Leaves elliptical, provided with a long slender petiole which is more 
or less bent, curved, or hooked at its proximal extremity; otherwise as 
in the last, of which it is probably mer~ly a form. 
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I am, on further study, fully satisfied that these specimens do not 
constitute a species distinct from the one last described. It was ape­
culiarity of these Viburnum leaves at Olear Creek that they were nearly 
all without petioles, so much so that for a long time I was inclined to 
doubt whether they ever possessed them. But finally a very few speci· 
mens were found with petioles, and one (Plate LII, Fig. 4) with a very 
long one, curiously, and doubtless accidentally, bent below. I know of 
no living Viburnum that bas a petiole of any such length. In the 
specimen, Fig. 3, Plate LII, the petiole is probably nearly complete and 
much shorter,lwoked near the point of attachment. The specimen Fig. I, 
Plate LIII, should evidently have been grouped with Fig. 3, Plate LI, 
and it is open to doubt whether it was narrowed or heart shaped at the 
base, though the way in which -the lowest pair of nerves issue from 
the midrib indicate the former, and J\'Ir. Hayden has thus restored it. 

Viburnum macrodontum, n. sp. 

Plate LIII, Pig. 2.-Clear Creek, Montana. 

Leaves elliptical, sharp·pointed, provided with large and long un-
equal teeth above; otherwise as in the last two species. . 

A number of fragments occur in the collection from Olear Creek with 
large prominent teeth, though differing in no other respect, so far as 
the specimens indicate, from the other large Viburnum leaves. I am 
inclined to think that if we had perfect specimens it would be found 
that these represent a distinct species. The teeth are similar to those 
of V. Dentoni Lx. (Oret. and Tert. Fl., pl. xlix, figs. 2; 3), but less sharp, 
and the other characters are different. That plant is from the ''Bad 
Lands of Dakota," and is probably a near ally of the Clear Creek species. 

Viburnum limpidum, n. sp. 

Plate LIII, Figs. 3-6.- Clear Creek, Montana. 

Leaves small ( 4 to _6cm. wide, 5 to Scm. long), petioled, round-ovate 
or somewhat obovate; nervation as in the preceding species. 

If it were a question of size alone I should hesitate to separate these 
forms from those previously described, when the nervation is so nearly 
itlentical. I have observed dift'erences in V. Lantana of from 5 to lOcm. 
in length of leaf, but it is fair to say that the smaller ones accompanied 
flowering specimens and may have been immature. Such leaves do not 
fall off, and therefore would not occur in a fossil state. I have never 
observed such differences in V. lantanoides. In the present case, bow­
ever, the shape is somewhat different. The leaves are truncate or 
narrowed, not heart shaped, at the base, and tend to he obovate. The 
first specimen (Fig. 3), which is the smallest, is more ovate, and the 
nervation is more lax and erect. It may be distinct from all the others. 
It closely resembles Ettingshausen's Tilia Milleri (Tert. Fl. Steiermark's, 
Sitzb. Wien. Acad., Vol. LX, Abth. I, pl. v~ fig. 2), to w~!<!t! refere~~ 
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has already ueen made. The otlter three are very homogeneous and 
clearly belong together. They form a transition to the next species, 
which probably 'belongs to another section of the genus. 

Viburnum Whymperi Heer. 

VmURNUM WHYMPEHI Heer, Fl. Foss. A.rct., Vol. II, Pt .III (Mioc. Fl. Spitzbergens), 
p. 60, pl. xiii, figs. 3a, 4, 5; Pt. V (Foss. Fl. N. Greenland), p. 475, pl. xlvi, fig. lb; 
Vol. VII, pl. cii, fig.l:~a. L<~squerenx, Ann. Rep.U. S. Geol. Surv. Terr., 1872, p. 395; 
1874, p. 30G; Tert. Fl., p. 225, pl. xxxviii, fig. 7; pl. lxi, fig. 23. Schimpcr, Pa.l. 
Veg., Vol. II, p. 885. 

Plate LIV, Fig. 1.-Clear Creek, Montana. 

The agreement with Heer's figure of the Greenland leaf is very close, 
and I llave before me leaves of V. dentatum L. which, for both size and 
form, might almost have served as the original of the drawing. Heer's 
figure of the fruits from Spitzbergen, however, show no grooves, which 
puts them into another section, perhaps with V. pubescens Pursb. 

Viburnum perplexum, n. sp. 

Plate LIV, Figs. 2, 3.-Burns's Ranch; Montana; collected by Dr. White's party in 1882. 

Leaves rather small (5cm. wide), unsymmetrical, obliquely ovate, 
truncate at base, blunt-pointed, somewhat regularly and coarsely sim­
ply serrate, petioled; midrib eccentric, curved, sinuous, or zigzag; 
secondary nerves erect at their insertion, rising and curving outward, 
t.he upper ones more or less sinuous; otherwise as in the preceding 
species. 

It was with considerable doubt that I placed these two forms to­
gether, and the second one (Fig. 3) is very probably an irregular form 
of V. Whymperi Heer. The other (Fig. 2) is very anomalous in form and 
somewhat so in nervation, yet seems to conform vaguely to the one gen­
eral type to which all the above specimens belong. In a general way 
it recalls several figures of more or less problematical character scat­
tered through the 'books (cf. Tilia Baviana Mass., Fl. Foss. del Senigal., 
pl. xxxix, fig. 9; Phyllites JJe- Yisianii Sism., Pal. Terr. Tert. du Piem., 
pl. xxx, fig. 6; Betula Sezannensis Sap., Fl. Foss. de Sezanne, pl. 
xxxYi, fig. 10), but agrees with none in its essential characters. It is 
almost certainly one of the Viburnums, but whether a mere sport or the 
representative of a distinct species the one specimen we possess, not­
withstanding that this is admirably preserved, cannot make us certain. 
It has a certain general resembla11ce to the specimens from the same 
l>ed that I have callPd Fimts 'dburnifolia (supra, p. 42, Pl. XXII, Figs. 
4-8), and putting the characters of both these forms together they em­
body most of those of Phyllites · carneosu,s Newberry (Later Extinct 
Floras, p. 75; Illustr., pl. xxvi, figs. 1, 2), which may represent an 
archaic Viburnum. 
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Viburnum elongatum, n. sp. 

Plate LIV, Figs. 4, 5.-Ulear Creek, Montana. 

Leaves elliptical-Ianceolate, 5 to Gem. wide, 10 to 12cm.loug, rounded 
or trnneate at the base; somewhat irregularly obtuse-dentate to very 
uear the base; midrib curved, slightly zigzag; secondary nerves all 
ascending; otherwise as in V. tilioides. 

A large number of these elongated leaves occur in the collection, and 
tbey agree substantially without presenting transition forms to the other 
species already deseribed. I therefore regard them as constituting a 
distinct species. I incline to believe that this is the same plant that 
Dr. Newberry uescribe(l in his Later Extinct Floras (p. 75) anu figured 
( Illustr., pl. xxvi, figs. 3, 4) as Phyllites venosus, though tbe widest part 
i~ here a little higher. 

Viburnum oppositinerve, n. sp. 

Plate LV, Figs. 1, 2.- Clear Creek, Montana. 

Leaves small (2.5 to 3cm. wide, 5 to 6cm. long), ovate or ovate-Ian· 
ceolate, sharp-pointed, narrowed, or rounded at the base, oblique or 
one-sided, toothed all round; mid.rib curved; some of the principal lat­
eral nerves opposite or subopposite, ri~iug at a wide angle and im­
mediately curving upward. Otherwise as in V. tilioides. 

This species has a very close resemblance to V. pubescens Pursh, a 
native of North America. The two specimens do not exactly agree in 
dentation and one is considerably more elongate than the other, but I 
do not feel justified in separating them on these grounds. The teeth 
are too coarse and the lower secondaries too light for V. lanceolatum 
Newberry (Illustr., pl. xvi, fig. 10); the analogy is closer, except as 
to size, with V. ])akotense Lx. (Oret. and Tert. Fl., pl. xlviA, fig. 9), 
especially as regarus the first specimen (Fig. 1). 

Viburnum erectum, n. sp. 

Plate LV, Fig. 3.-Clear Creek, Mont,ana. 

Leaf lanceo1ate, long and sharp-pointed, toothed above; secondary 
nerves very erect, some of the upper ones curving inwards to join the 
branches of the next higher, the short tertiary nerves from the angled 
arches thus formed passing into the teeth ; nervilles api)roximate, par­
allel, mostly percurrent, generally somewhat curved or bent in the 
middle, traversing the areas at right angles to the nerves. 

It must be freely confessed that this specimen is too imperfect to 
found a species upon, and if better material is ever found it may be 
either confirmed or r~jected. But several of tb~ characters that appear 
in this fragment are not seen in any of the other specimens. The slightly 
celastroid tendency of the nervation, also faintly seen in one of the speci­
mens of the last specieR (Fig. 2), is thus far new to this group, and may 
have some special significance. Aside from this there are many rea· 
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sons for uniting it with the larger species from Cracker Box Creek (cf. 
Plate LVI, Figs. 1, 5, and 6\ 

Viburnum asperum Newberry . . 

VIBURNUM ASPERUM Newberry, Later Extinct Floras, pp. 31, 54; Illust.r., pl. xvi, 
figs. 8 (9 f). Schimper, Pal. Veg., Vol. II, p. 884. Lesquerenx, Cret. and Tert. 
Fl., p. 230. 

Plate LV, Figs. 4-9.-Cracker Box Creek, Montana (Figs. 4-8). Seven Mile 
Creek, Montana; Sparganium.bed (Fig. 9). 

I am now disposed to regard the specimen from Seven Mile Creek 
(Fig. 9) as distinct from the others. It should, perhaps, be classed with 
one from Clear CrP-ek above described (Fig. 1 of the same plate). It 
may also be compared with V. lanceolatum Newberry (loc. cit., fig. 10). 

I can scarcely persuade myself that Newberry's Rhamnites concinnus 
Joe. cit., fig. 7) is anything but a very regular and symmetrical form of 
this plant with the upper secondary nerves nearly simple. 

Viburnum Newberrianum, n. sp. 

Plate LVI, Figs. 1-6.-Cracker Box Creek, Montana. 

Leaves ovate or ovate-lanceolate, slightly heart shaped, acuminate, 
more or less regularly and rather finely and sharply simply serrate to . 
the base, 3 to 6 em. wide, 6 to 12 em. long, exclusive of the long (4 to 5 
em.) petiole, which is thickened and grooved below; nervation subpal­
mate, craspedodrome; midrib strong, usually straight; lateral nerves 
all, or all but a very light basilar pair, branching freely from the under 
side, the upper ones forking, lower ones opposite, second or third pair 
much stronger than the rest, ascending at an angle of 300 to 350, car­
rying six to nine strong, branched or forking secondaries, slightly curv­
ing upward and reaching the margins far above the middle; branches 
from the midrib alternate, rising at angles successively more acute, the 
uppermost becoming nearly vertical, the lowest remote from the prin­
cipal lateral nerves; nervilles rath.er faint, nearly all simple and per­
current, traversing the areas somewhat obliquely and nearly at right 
angles to the midrib, sometimes curved, bent, or forking. 

This species, although from the same beds and much resembling it 
otherwise, is clearly distinguished from the preceding by its compound · 
(subpalmate) nervation, that of V. asperum being always simply pill­
nate. In this respect it also diflers from all the non-lobate Viburnums 
with which I am acquainted and approaches more .closely to Ceanothus. 
In 0. A.mericanus L., the common North .American species, however, 
the leaf is decidedly triplinerved, the lateral primaries somewhat aero­
drome and having their origin at the very base or even running for some 
distance below the blade and inclosing a little parencllymatous tissue 
between them and the petiole. But there is a Mexican species ( 0. 
azureus Desf.) which has these characters much less marked and closely 
approaches these fossil leaves in this respect as well as in general shape 
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(cf. Ettingshausen, Blattsk. d. Dicotyl., pl. lxix, fig. 16). There is, how· 
ever, in our specimens a peculiar dichotomy and definite symmetry which 
are characteristic of Viburnum and not of Ceanothus, and, until fruits 
or other convincing proofs are found, they may be left where they are. 
It seems at least certain that any change must affect V. asperum as well 
as the present species. 

In naming this very handsome species I have wished to do honor to 
a pioneer in the work of bringing to light_ the floral treasures hidden in 
the .Fort Union strata, where these specimens were found, and by the 
light of whose researches my own investigations have been so largely 
guided. 

Viburnum Nordenskioldi Heer. 

VIBURNUM NORDENSKIOLDI Heer, Fl. Foss. Arct., Vol. II, Pt. II (Fl. Foss. Alask.)1 

p. 36, pl. iii, fig. 13; Vol. IV, Pt. I (Foss. Fl. Spitz b.), p. 77, pl. xv, :fig. 5a; pl. 
xviii, :fig. 7; pl. xxiii, fig. 4h; pl. xxix, :fig. 5; Vol. V, Pt. I (Mioc. Fl. Grinnell­
Land.), p. 36, pl. iv, :fig. 4d; pl. vii, figs. 5-7; Vol. VI, Abth. I, Pt. III ( Mioc. Fl. 
N. Can.), p. 15, pl. i, fig. 8; Vol. VII, p. 115, pl. xcii, fig. 11; pl. xcvi, fig. 2. 
Schimper, Pal. Veg., Vol. II, p. 885. Lesquereux, Cret. and Tert. Fl., p. 230, pl. 
xlviA, :figs. 6, 7. 

Plate LVII, :Figs.1-3.-Clear Creek, Montana (Fig. 1). Little Missouri River, 
Dakota (Fig. 3). Gladstone, Dakota (Fig. 2). The last two were collected by 
Dr. A. C. Peale in 1883. 

It is altogether probable that these specimens belong to the same 
plant as Lesquereux's specimen fig. 7, but there is much doubt in my 
mind as to the identity of that specimen with those of the north. Beer's 
figures all show a degree of irregularity and indefiniteness which does 
not comport with the forms from Dakota and Montana. The Gladstone 
specimen deviates somewhat from the other two in that the principal 
pair of lateral nerves rise nearer the base and keep nearer the margin, 
allying it with V. asperum, while the strong branching lower nerves and 
erect lateral subprimaries of the Clear Creek and Little Missouri speci­
mens ally them rather with V. Newberrianum. They alll>ear, moreover, 
a certain resemblance to the forms which I have referred to Grewia (G. 
celastroides, supra, p. 86, Pl. ~XXIX, Fig. 2, and G. Pealei, p. 87, Pl. 
XXXIX. Figs. 3-5); and in one of the specimens (Fig. 1) traces of the 
peculiar marginal nervation of that group are visible. In lacking the 
dichotomous branching of the Viburnum group these forms are even more 
assimilated to Oeanotbus than the on~s last considered. Their reference 
to this species is therefore, on the whole, of very doubtful propriety. 

Viburnum betulrefolium, n. sp. 

Plate LVII, Fig. 4.-Burns's Ranch, Montana; collected by Dr. White's party in 1882· 

Leaf thick, coriaceous, l>roadly ovate, short-pointed, 4.2cm. wide and 
but little longer, coarsely and irregularly toothed; nervation pinnate 
craspedodrome; midrib straight, nearly central; secondary nerves ris­
ing at a large angle (50° to 600), sometimes branching dichotomously 
from near their origin, once to thrice forldng towards their extremities, 
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the ultimate ramifications entering the blunt teeth; t;Ierville~ straight, 
generally simple, percurrent, crossing the intervals at right angles to 
the nerves, sometimes forking in the middle. · 

The base is wanting and its form cannot be safely divined. The leaf 
differs from all others in the collection that I have thus far studied, and 
also from any living or fossil leaf known to me, but it seems to have 
many of the characteristics of a Viburnum. Its nearest analogue from 
a superficial point of view seems to be one of Heer's Sachalin specimens 
of Betula prisca Ett. (Fl. Foss. Arct., Vol. V, Pt. III, Prim. Fl. Foss. 
Sacha!., pl. v, fig. 9), which, however, is much smaller, and in the other 
large figure (fig. 10) the form is different. It also resembles somewhat 
in form 1Jetula Blancheti Heer (Fl. Tert. Helv., pl. lxxi, fig. 26), but the 
teeth are less sharp and the lateral nerves less straight and regular, 
besides being forked. It also vaguely simulates some leaves of Cra­
tregus. 

Viburnum finale, n. sp. 

Plate LVII, Fig. 5.-Iron Bluff, Montana. 

Leaf rather thin, ovate-lanceolate, somewhat falcate, 5cm. wide, lOcm. 
long, rounded and oblique at the base, pointed at tlte summit, finely 
and sharply serrate; nervation pinnate, craspedodrome; midrib very 
thick, rapidly diminishing above the middle, regularly curved, slightly 
eccentric; secondary nerves relatively slender, nearly uniform and 
parallel, about fourteen on each side, the lower branching from the 
under side, the branches forking near the margin, the rest once to thrice 
forked, the ultimate ramifications entering the teeth; nerdlles faint, 
percurrent, parallel, crossing the spaces at nearly right angles to the 
secondary nerves. 

Notwithstanding the dichotomous viburnoid nervation of this leaf, I 
find it difficult to believe that it is not after all a member of the group 
of forms found at Iron Bluff and Burns's Ranch, most of which I have 
referred to the Oelastrinere. They seem to possess the characters of 

· that family in varying degrees and to diverge in several directions 
towards other classes of plants. One I was reluctantly compelled to 
single out and refer to J uglans, and this one has found its way into the 
group of Viburnums. Those which I have called Oelastrus alnifolius 
I was strongly tempted to treat as forms of Alnus, and the species last 
described may belong to Betula. Yet they all seem to me to be related. 
This feeling, however, may be partly due to local association, and there 
is certainly nothing strange in finding so many difl'erent families of 
plants represented at one spot, since that is what we actually find in 
the present flora. Although we here have the outline of the leaf very 
well shown, the finer details of the nervation are obscured, especially 
along the margins, and it is possible that if more could be made out the 
characteristic features of the group with which it was associat~d. mi~ht 
p~ fouuq ~Q belong iil §ome degree to this sp~~imeu, 
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[Genera. and all higher groups are printed in SMALL CAPITALS; synonyms in ital·ics. Heavy-facell 
figures refer to pages on which descriptions are given."\ 

A. 
ACER L ..... - . - ..••...• - - ••.•. -
Acer campylopteryx Ung ...... . 
Acer indivisum Web., Pl. XXIX, 

Fig. 5 .....•..•••.....•....••. 
Acer integrilobum Web ........• 
.Ace1· tricuspidatum Al. Br ...•.... 
Acer trilobatum tricuspidatum 

(AI. Br.) Heer, Pl. XXIX, Figs. 
3, 4 .•• - -•..... - - . . .• - - •.• - - - • 

Acer vitifolium Heer .........•• 
Agathaumas sylvestrisCope ...•• 
ALG1E ..........•............... 
.Alnites .McQuarrii Forbes .•.•••. 
ALNUS Gartn ..............•.••• 
Alnus cardiophylla Sap ........ . 
Alnus Grewiopsis, n. sp., Pl. 

XIV, Fig. 1 ................. . 
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ADVERTISEMENT. 

[Bulletin No. 38.] 

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

" The publications of the Geological Survey shall consist of the annual report (lf operations, geological 
and economic maps illustrating the resources and classification of the lanus, and reports upon general 
and economic geology and paleontology. The annual report of opcr[.!tions of the Geological Sur,·ey 
shall accompany the annual report of the Secretary (lf the Interior. .All special memoirs and rep01·ts 
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 sdentific exchan11:es 
and for sale at the price of publication; anclallliterary and cartographic materials received in excl1an'!e 
shall be the property of the United States and form a part of the library of the organization: An<l 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 passe<l 
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 ami 
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 Con~rress or has been ordered by the Secretary of the Interior, this Office has 
no copies for gratuitous distribution. 

ANNUAL REPORTS. 

Of the Annual Report!! there have been already published: 
I. First .Annual Report to the Hen. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.-A. 

preliminary report describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880-'81, by J. W. Powell. 

1882. 8°. lv, 588 pp. 61 pl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 

so. xvili, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powu: . 18R ... 

8°. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'e4, by J. W. Powell. 1885. 

8°. xxxvi, 469 pp. 58 pl. and maps. 
The Sixth and Seventh Annual Reports are in press. 

MONOGRAPHS. 

Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII, IX, X, and XI are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
III. Geology of the Comstock Lode and the Washoe District, with a.tlas, by George F. Becker. 

1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price !jl1.50. 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4o. xvi, 464 pp. 151. 

29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Font:tine. 

1883. 4°. xi, 144. pp. 54 l. 54 pl. Price $1.05. 
VII. Silver-Lea<l Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4o. xiii, 200 pp. 16 pl. 

Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, 298 pp. 24 I. 

24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of Now Jersey, 

by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. Price $1.15. 
X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles ~arsh. 

1885. 4°. ::rriii, 243 pp. 561. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 

Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. Price $1.75. 



ADVERTISEMENT. 

The following is in pre As, viz: 
XII. Geology and Mining Indust1y of I.ea(lville, with atlas, by S. F. Emmons. 1886. 4°. xxix, 

770 pp. 45 pl. and atlas of 35 sheets folio. 
The following are in preparation, viz : 
I. The Precioas Metals, by Clarence King. 
- Gasteropoda of the New ,Tersey Cretaceous and Eocene Marls, by R. P. Whitfield. 
-Geology of the Eureka Mining District, Nevada, with atlas, by .Arnolcl Ha.gue. 
- Lake Bonneville, by G. K. Gilbert. 
-Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. 0. C. Marsh. 
- Brontotheritlre, by Prof. 0. C. Marsh. 
-Geology of the Quicksil>er Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- The Penokee-Goge bic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Irving. 
-Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
-Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
-Report on the Denver Coal Basin, by S. F. Emmons. 
-Report on Ten-Mile Minlng Distl'ict, Colorado, by S. F. Emmons. 
-Report on Silver Cliff Mining District, by S. F. Emmons. 
-Flora of the Dakota Group, by J. S. Newberry. 

BULLETINS. 

The Bulletins of the Survey will contain such papers relating to the general purpost. of its work as 
do not properly come under the heads of Annual Reports or Monographs. 

Each of these Bulletins contains but one paper and is complete in itself. They are, however, num· 
bered in a continuous series, and may be united into volumes of convenient size. 'l'o facilitate this, 
each Bulletin has two paginations, one proper to itself and another which belongs to it as part of the 
volume. 

Of this series of Bulletins Nos. 1 to 38 are already published, viz: 
1. On Hypersthene-Andesite and on Triclinic Pyroxene in .Augitic Rocks, by Whitman Cross, with 

a. Geologieal Sketch of Buffalo Peaks, Colorado, by S. ]'.Emmons. 1SS3. S0 • 42 pp. 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., by 

.Albert Williams, jr. 1S83. S0 • S pp. Price 5 cents. 
3. On the l!,ossil Faunas of the Upper De>onian, along the meridian of 76° 30', from Tompkins County, 

New York, toBr·adford County, Pennsylvania, by HenryS. Williams. 1SSi. so. 36 pp. Price 5 cents. 
4. On Mesozoic Fossils, by Charles .A. White. 18S4. S0 • 36 pp. 9 pl. Price 5 cents. 
5 . .A Dictionary of .Altitudes in thl' Uniteu States, compiled by Henry Gannett. 1SS4. S0 • 325 pp. 

Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1SS4. so. 43 pp. Price 5 cents. 
7. Mapoteca Geologica .Americana. A. cataloguo of geological maps of .America (North aud South), 

1752-lSSl, by Jules Marcou and John Belknap Marcou. 1884. so. 1S4 pp. Price 10 cents. 
S. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 

VanHise. 1SS4. S0 • 56 pp. 6 pl. Price 10 cents. 
9. Report of work done in the Washington Laboratory during the :fi13cal year 1SS3-'S4. F. W. Clarke, 

chief chemist; T. M. Chatard, assistant. 1SS4. so. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North .America. Preliminary studies, by Charles D. Walcott. 1S84. 

8°. 74 pp. 10 pl. Price 5 cents. 
11. On the Quaternary and Recent Mollusc,t 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. Gil· 
bert. 1SS4. S0 • 66 pp. 6 pl. Price 5 cents. 

12 . .A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 18S4. S0 • 

34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of the several States and Territories, by Henry Gannett, 

1SS5. S0 • 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron-Carburets, by C.ul Barns and Vincent 

Strouhal. 1SS5. S0 • 23S pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Charles .A. White. 1SS5. so. 

33 pp. Price 5 cents. 
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PERIDOTITE OF ELLIOTT COUNTY, KENTUCKY. 

BY J. S. DILLER. 

INTRODUCTION. 

Several years ago Prof. A. R. Crandall, of the Geological Survey of 
Kentucky, discovered dikes of an interesting eruptive rock between 
Isom's and Critche's Creeks, near Fielden post office, 6 miles southwest 
of Willard, in Elliott County, Kentucky. The position of these dikes 
is shown upon two of the geological maps of Eastern Kentucky. Both 
maps were prepared under the supervision of John R. Procter, the di­
rector of the Kentucky Geological Survey, by Professor Crandall and 
J. B. Hoeing. One, on a scale of about 4 miles to an inch, is designed to 
show the relation of the conglomerate uplifts and the dikes; the other, 
on a scale of 2 miles to an inch, gives the areal distribution of the dikes, 
the Coal Measures, and the conglomerate in Elliott County. In a ver­
tical section on the same sheet the relations of these terranes are illus­
trated. 

A chemical analysis of the dike rock was made by Messrs. A. M. Peter 
and J. H. Kastle, in the laboratory of the Geological Survey of Ken­
tucky. Samples of the same material were sent to the United States 
Geological Survey for microscopic examination. It was found to be a 
peridotite, and a brief notice of its occurrence was published in Science, 
January 23, 1885, page 65. 

At the request of Mr. Procter and with the approval of Capt. C. E. 
Dutton and the Director of the United States Geological Survey, I 
joined Professor Crandall in an excursion to the dikes to collect a com­
plete series of specimens for petrographic investigation. 

DISTRIBUTION AND MODE OF OCCURRENCE. 

The accompanying map, Plate I, was prepared by enlarging a small 
portion of the map of Elliott County and introducing the additional 
data obtained during our late excursion. 

At my request, Professor Crandall, who has visited the region a 
number of times, kindly furnished the following field notes: 

This dike represents an eruption of very limited extent laterally, being found only 
in a small part of the valley of the Little Fork of the Little Sandy River. From its 
limited range, and also from the readiness with which the rock of which it is com­
posed disintegrates, it does not appear as a noticeable factor in the topography of the 
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10 ELLIOTT COUNTY PERIDOTITE. 

region, and it is with some difficulty that it can be traced beyond the exposur 
which mark a few points along its surface prolongation. It appears to extend in tw 
diverging lines from Critche's Creek into the valley of Isom's Creek, with several 
minor offshoots of undetermined but doubtless limited extent, possibly no more 
than wedge-like projections from the main dike between the strat·a of the Coal 
Measures which make up the whole height of the hills of this region. The whole 
length of the dike in its greatest surface extension appears to be less than a mile, 
with a width of from a few feet to :fifty or more, as indica ted by one exposure near 
Isom'l:'l mill, though the slight local disturbance of the including rocks and the incon­
siderable metamorphic action, as well as the limited area, indicate no great mass or 
the intrusive rock. These considerations and some of the conditions noted at Isom's 
mill suggest the possibility that the exposure there shows a local lateral expan­
sion, rather than the width of the dike. All the rocks of this part of the coal field, 
including the beds up to coal seven (the Coalton coal of Kentucky, the Sheridan and 
Nelsonville of Ohio), are cut by both arms of the dike. 

Although there are but three localities where the peridotite is ex­
posed, its areal distribution, as indicated upon the accompanying map 
(Plate I), can be made out with a high degree of probability by the 
occurrence of numerous small fragments of ilmenite and pyrope in the 
soil resulting from its decomposition. 

MINERALOGICAL COMPOSITION .AND STRUCTURE. 

The best and freshest specimens of peridotite were collected at local­
ity marked 1 upon the map, where the specimens were prepared for the · 
educational series. It is a compact, dark greenish rock, with a specific 
gravity of 2.781. In it are embedded many grains of yellowish olivine, 
uniformly distributed throughout the mass. Rarely it is fine granular 
and dense, like many darker colored basalts, but generally the grains of 
which it is composed are medium sized. Occasionally the olivine grains 
disappear and the deep green serpentine pervades t.he whole mass. 
Besides the olivine and serpentine, which together form nearly 75 per 
cent. of the rock, there are other minerals which appear in the hand 
specimen. Most important among these are py~ope and ilmenite, the 
latter appearing in the form of irregular grains which sometimes attain 
a diameter of nearly 2 centimeters. A few scales of biotite may be 
observed. Near the exposed surface the rock becomes yellowish, due 
to the oxidation of the iron, and softens so that tt readily disintegrates. 
The garnet and much of the ilmenite withstand the atmospheric influ­
ences antl are found quite fresh and abund~nt in the sand resulting 
from the disintegration of the peridotite. 

The specimens from localities 1 and 2, the exposures of the eastern 
dike, are free from included fragments of the rocks through which the 
peridotite has been extravasated; but those from locality 3, in the west· 
ern dike near Isom's mill, are full of fragments of shale, which have 
been greatly indurated and metamorphosed in the operation. 

The following table is based directly upon estimateR made under the 
microscope of the areal distribution of the various minerals in the 
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DTLLEJ:.J MINERALOGICAL COMPOSITION AND STRUCTURE. 11 

freshest portions of the sections from locality 1, where the peridotite is 
less altered than at any of the other exposures: 

Primary minerals. '--- Secondary minerals. j __ _ 

Per cent. Per cent. 
Olivine................................. 40 Serpentine.............................. 30.7 
Enstatite............................... 1 Dolomite............................... 14 
Biotite................................. 1 Magnetite.............................. 2 
Pyrope.......... ....................... 8 Octahedrite........... .................. 1.1 
Ilmenite............................... 2. 21 
Apatite . . . . . . .. • • . . . . . .. .. . . . . . . . . . . . . . Trace 

It is not claimed, of course, that this table represents with a high 
degree of accuracy the mineralogical composition of the rock, yet it 
closely approximates the real proportions in the sections studied. The 
table clearly indicates that originally at least 80 per cent. of the rock 
was olivine and that ultimately it will be nearly all serpentine -or, 
perhaps, in some places dolomite- with a small proportion of mag­
netite, ilmenite, garnet, and octahedrite. 

FIG. l. Section of peridotite seen nuder tlw microscope. 

The general structure of the rock is i11ustrated in Fig. 1, which shows 
the remaining grains of olivine inc1osed in a network of serpentine 
with other products of alteration. The high proportion of olivine in 
the rock places it among those peridotites which are generally desig­
nated dunites, but the presence of some enstatite shows its relation­
ship to another member of the same family. 

(365) 



12 ELLIOTT COUN'l'Y P.ElUDOTITE. (BGLL.38. 

The olivine grains are generally irregular in form, varying from 0.1 
to 1.5 milJimeters in diameter, and are penetrated by many fissures. 
Occasionally, however, they are bounded by sharply defined crystallo. 
graphic planes, a feature which is unusual for the olivine in peridotites. 
It occurs in the form, which is common in basaltic lavas, of a short 
prism terminated by brachydomes without the base, as in Fig. 2. The 

FIG. 2. Crystal of' olivine. FIG. 3. Original structure of peridotite soon under 
the microscope. 

original structure of the rock is nearly obliterated by recent alter· 
ation; but at one point, which is represented in Fig. 3, the manner in 
whieh the coarse grains of olivine fit together iR plainly discernible. 
Rarely the aggregating grains are very small, and, although optically 
distinct, each fits into the irregularities of the other so as to produce a 
fine granular structure similar to that of the dunite of North Carolina. 
Under the microscope, especially when the dunite is slightly altered, 
it holds such a superficial resemblance to a stratified rock that A. A. 
Julien1 regarded it as an accumulation of olivine sand derived from an 
earlier eruptive ma&S; but Dr. M. E. Wadsworth2 has shown that in 
all probability it is eruptive in its present position. The presence of a 
similar structure in the peridotite of Kentucky, the eruptive origin of 
which cannot be reasonably questioned, lends strong support to Dr. 
Wadsworth's conclusions. 

The alteration ot the olivine to serpentine takes place rapidly in the 
cross-fractures approximately parallel to the base, but very slowly 
along the numerous minute fissures in the prism zone. Cleavage par· 
allel to the brachypinacoid is scarcely discernible. 

The olivine contains numerous small inclusions, some of which are of 
a liquid containing a movable bubble. They are arranged in more or 
less regular planes, often but not always approximately parallel to the 

1 The Dunyte Beds of North Carolina. Proc. Bost. Soc. Nat. Hist., Vol. XXII, 
p. 141. 

2 0livine Rocks of North Carolina. Science, Vol. III, p. 486, Apr. 18, 1884. 
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DILLEH.) MINERALOGICAL COMPOSITION AND STRUCTURE. 13 

base. Besides these inclusions; there are other small yellowish-brown 
or black ones scattered like dust, but rarely so abundant as to interrupt 
the transparency of the olivine. Occasionally they accumulate in bands 
across the grains or around their borders, as described by J. W. Judd 1 

and others, producing dark cloudings which remain after the olivine 
has been replaced by serpentine. The olivine was observed to envelop 
scales of biotite, indicating that the latter belong to an earlier stage of 
crystallization than the olivine. 

In the process of alteration the olivine is transformed into serpentine 
with the secretion of magnetite. Among the secondary products there 
is much dolomite, which appears to result from the transformation of 
the olivine. The abundance of the carbonate present suggests that 
the olivine might contain a considerable percentage of lime, and to de­
termine this it was prepared for chemical analysis. By means of the 
Sonstadt solution, with a specific gravity of 2.9, the magnetite, biotite, 
ilmenHe, enstatite, octahedrite, and olivine were separated from the 
serpentine and other secondary products, With a magnet the mag­
netite was then removed, and by passing the powder over paper the 
mica was separated from the other minerals. The mixture of olivine, 
ilmenite, enstatite, octahedrite, and garnet was then put into the Klein 
solution and evaporated until crystallization began. At this point the 
olivine and a trace of enstatite were lifted by the solution and, by de­
cantation, separated from the other minerals. This operation was re­
peated many times, and finally, picking out all foreign matter under the 
microscope, the olivine was obtained remarkably pure for chemical 
analysis. Its specific gravity, determined by using a picnometer, is 
3.377. The results of the chemical analysis of the olivine by T. M. 
Chatard, in the chemical laboratory of the United States Geological 
Survey, are given in the table of analyses, page 24. It will be noticed 
that the percentage of lime and alkalies present is unusually large. 

Pyroxene plays so small a part among the minerals of this rock that 
it cannot be considered an essential 
constituent. In the form of irregularly 
corroded grains, such as is represented 
in Fig. 4, it is distributed throughout 
the mass with approximate uniformity, 
but it constitutes not more than 1 per 
cent. of the whole. The cleavage is 
nearly rectangular and the extinction 
in prismatic sections parallel, indicat­
ing with a high degree of probability 
that the pyroxene is rhombic. It is 
generally transparent, with a sprink­

FIG. 4. Corroded enstatite with border. 

ling of fine dark grains, and is surrounded by a clouded border con-
1 On the Tertiary and Older Peridotites of Scotland. Quarterly Journal of the 

Geological Society, August, 1885, p. 354. 
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14 ELLIOTT COUNTY PERIDOTITE. (BULL. 38, 

forming to the em based contour. This bonler is inegnlar in structure 
and composition, but is almost always presentj. Where most prominent 
it is formed of acicular crystals radiating from the enstatite, but gen­
erally it is composed of translucent grains of pyroxene rendered some­
what clouded, apparently by the secret,ion offerritic matter. The fibrous 
mineral is transparent, with strong double refraction and small angle 
of extinction, indicating that it is hornblende. 

The em bayments of the irregular enstatite sometimes contain olivine, 
demonstrating that the pyroxene is an earlier product of crystallization 
than the olivine and owes its border, at least in part, to thesubsequent 
corrosive action of the magma. 

The mica is dark colored, strongly dichroic, with a very small optic 
axial angle in the plane of the principal ray of the radial figure (Sch1ag­
figur) produced by puncturing a thin plate of the mica with a sharp 
needle. It doubtless belongs to the biotite series and is sparingly dis-

FIG. 5. Biotite. 

tributed throughout the rock. Figure 5 represents a 
cross section of a some\vhat uncommon scale of brown 
biotite made up of lamin::e differing from one another 
in pleochroism. The folim fbrming the top and the 
base of the scale, the shadeu portions in Fig. 5, are 
more deeply colored and strongly dichroic than the 
light brown portion in the middle. All portions are 
optically continuous and surrounded by a prominent 
border composed of colorless mica and oxide of iron. 
The mica of the border is continuous with the other, 
and evidently owes its loss of color to leaching out the 
oxide of iron. With the exception of fine ferritic dust 
irregularly scattered throughout the scales of mica it 

is generally free from inclusions. One scale, however, has prominent 
deep brown isotropic inclusions which lie in the basal plane. They 
look very like basaltic hornblende in ordinary transmitted light, but 
the entire absence of double refraction and consequent properties clearly 
demonstrates that if the substance is crystalline in structure it must 
belong to the isometric system. It is perhaps significant that the axes 
of greatest extension in the inclusions are approximately parallel to 
three sets of sharp fissures wl1ich apparently correspond to the rays 
of the peculiar figure developed by pressure, the so-called Druckfigur. 
The general appearance of the biotite conveys the impression that it has 

, undergone conditions detrimental to its existence and must belong to 
the earliest products of crystallization. Of this we have convincing 
evidence in its relations to other minerals, for biotite is frequently 
included in olivine. Rarely the biotite is surrounded by an irregular 
secondary border composed of magnetite and biotite differing widely in 
pleochroism from the biotite within the border. The biotite of the grain 
and its border are optically continuous, but, while tl1e pleochrot~m qf~~~ 
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former ranges from almost colorless to light brownish yellow, that of 
tlle latter in coiTespow.liug· positious is orange-yeliow and green. 

The relation of the biotite to the garnet is of especial iuterest and 
will be noted in discussing the composition of that peculiar euvelope in 
which the pyrope is inclosed. It is evident, however, that the biotite 
upon the periphery and in the fissure~ of the garnet is of secondary 
origin. 

Pyrope cannot be considered one of the essential minerals in this rock, 
yet it is among the most prominent. It occurs in spherical and ellipsoidal 
grains varying from 1 millimeter to more thau a dozen millimeters in 
diameter. They are found abundantly along the liue of the dike in tlw 
soil resulting from its disintegration. The small, clear, deep red graius 
have a specific gravity of 3.673 and are locally regarded as rubies of 
problematical value, but the paler red, much fractured fragments of 
larger size have attracteu little attention. 

1'he most interesting feature of the pyrope is prominent under the 
microscope, where it is seen to be surrouudeu by a border of radial fibers 
analogous to that described by Fr. Becke1 and A. Schrauf,2 and later crit­
ically examined by A. v. Lasaulx.3- The general character of the border 
is represented in Fig. 6. It is composed of two essentially uifferent sub-
8tances, both of wllich areal ways present, 
although varying much in proportions. 
First of these may be mentioned a dark 
powuer, which is frequently so abundant 
as to render the border opaque. It occurs 
most abundantly in the outer portion of 
the border and is chiefly, if not wholly, 
magnetite; for when carefully detached by 
a sharp needle from an uncovered section 
it is tound to be strongly magnetic. Tlle 

FIG. 6. Pyrope, showing border of 
biotite and magnetite. 

second usually inner substance of the ring is of a grayish or reddish 
brown color and is generally fibrous in structure. Schrauf studied the 
fibrous substance enveloping the garnets in the serpentine of Kremze, 
Bohemia, and named it kelyphite. The investigations of Lasanlx have 
shown that in some cases the border instead of being a single mineral is a 
mixture ot several minerals, chiefly of the pyroxene and amphibole 
groups. In the example under consideration its composition appears to 
be exceptional. Although it is commonly made up of closely compacted, 

1 'fschermak's Mittheilungen, iv, 1881, pp. 189, 285. 
z Beitrage zur Kenntniss des Associations-kreis es der Magnesia-Silikate. Zeitschrift 

f'rlrKrystallographie, 1882, VI., pp. 321-388; also UeberKelyphite. Neues Jahrbuch, 
Ia~4, Bd. II, p. 21. 

3 Ueber Umrindungeu von Granat. Sitzungsberichte der niederrhein. Gesellschaft., 
Bonn, 1882, Juli 8; V~rhandlnngen des naturbistorjschen Vereins der preussischen 
Rheinlande und Westfa.Iens. Neununddreissigster Jahrgang, zweite Ha.lfte, Bonn, 
1882, p. 114. 
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very fine, parallel fibers perpendicular to the outer surface of the garnet, 
it frequently appears as an irregular, non-fibrous fringe upon the iuner 
side of the border, or even completely inclosed within the garnet, where 
it is usually of a deep brown color. Generally it is distinctly doubly 
refracting, and when finely fibrous is sometimes strongly colored red and 
green between crossed nicols. The non-fibrous form of the substance, 
although deeply colored, is isotropic and consequently not dichroic, but 
when fibrous the absorption parallel to the fibers is occasionally almost 
complete. On accouct of the fineness of the fibers and the density of 
their aggregation it is not possible to determine the angle of extinction 
with great precision; nevertheless if the extinction is not parallel the 
angle is very small indeed. Although many of these borders have been 
studied about the pyrope in the peridotite from Kentucky, I have not 
been able to discover convincing evidence of the presence of either 
pyroxene or hornblende; on the contrary, the evidence clearly indicates 
that the mineral belongs to the mica group. This conclusion is com­
pletely demonstrated by a border, part of which is represented in Fig. 7. 

FIG. 7. Part of a border about a grain of pyrope, magnified 80 diameters. 

In this case, although the border is not so prominently marked about 
the whole circumference of the garnet (5 millimeters in diameter) as that 
represented in Fig. 6, yet there are narrow places along the border 
where it is distinctly fibrous and grades directly into that represented 
in Fig. 7 in such a way as to show that both are of the same substance. 
The uniaxial, negative, strongly dichroic foliated mineral numbered 2 

(370) 



DILLER.) MINERALOGICAL COMPOSITION AND S_TRUCTURE. 17 

in Fig. 7 is undoubtedly biotite. It extends far into the garnet along 
fissures and contains besides magnetite small triangular and quadratic 
sections as well as irregular grains of a yellowish brown isotropic min­
eral, which in all probability is picotite. The first sight suggests that 
this deep brown mineral is hornblende, but the absence of all pleochroic 
phenomena and its regular octahedral form clearly indicate that it 
cannot belong to the amphibole group. One small pseudomorph after 
garnet deserves special mention, in that the whole of the middle portion 
is composed of picotite, which is surrounded by a broad border of mag­
netite. In the majority of cases, especially where the bonier is fibrous, 
the fibers are in direct contact with the clear garnet, but in the section 
of which Fig. 7 represents a part, where the biotite and picotite are 
much better developed, the garnet near the border and along fissures 
is clouded. Besides the biotite and picotite within the compass of the 
garnet's border, there are traces of calcite and a clear colorless mineral, 
which, on account of its strong double refraction and the absence of 
cleavage, is regarded as quartz. It is interesting to note that the quartz 
almost always occurs in immediate contact with the picotite. 

That the shell frequently found about the garnets in peridotitic rocks 
is composed in most cases essentially of minerals belonging to the pyr­
oxene and amphibole groups bas been demonstrated by a number of 
observers, but as far as I am aware the occurrence of biotite in this 
connection is here noted for the first time. 

It is evident, from the facts represented in Figs. 6 and 7, as already 
suggested by Lasaulx and Rosenbusch,1 that the pyrogenic origin of 
the shell of iron-magnesian silicates frequently enveloping the garnet 
is generally untenable. The manner in which the enveloping substance 
is sometimes included in the garnet and penetrates the garnet ~long 
fissures clearly demonstrates its secondary origin. 

The pyrope, from Kentucky, was carefully analyzed by T. M. Chatard, 
with the results given in the table ,of analyses, page 24. It was im­
practicable to obtain sufficient of the border for chemical examination. 
The position of the pyrope in the series denoting t~e order of crystal­
lization is between enstatite, a serpentinous pseudomorph of which it 
includes, and olivine. Its relation to the primary biotite is not easily 
determined, from the fact that where the two minerals are found to­
getiler the biotite is .always a secondary product. 

Ilmenite is a common and uniformly distributed constituent of the 
Kentucky peridotite. It is plainly visible in the freshly fractured rock, 
where it appears in the form of brilliant blaclr grains, varying in size 
from 1 millimeter to 15 millimeters in diameter. Although subject 
to considerable alteration it frequently withstands meteoric influ-

1 H. Rosen busch: Mikroskopische Physiographie der petrograpbisch wicbtigen 
Mineralien. Zweite ganzlich umgearbeitete Au:tlage, 1885, p. 269. 
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ences with remarkable persistence, appearing abundantly with thegar­
net in the soil resulting from the disintegration of the peridotite. It is 
only by means of the ilmenite and pyrope in the soil, as indicated upon 
tile map, that the limits of the dikes can be approximately determined. 
'fhe ilmenite is readily distinguished from the magnetite, even under 
the microscope in reflected light., by the brilliant luster of portions of its 
pitted surface. It has always been observed in large grains and not in 
the form of fine, spongy particles like magnetite. Under the microscope 
the ilmenite is frequently seei1 surrounded, penetrated, and even com­
pletely replaced by a mixed group of yellowish and black grains re­
sulting from its alteration. The ~lack opaque grains are magnetite and 
the yellowish ones probably octahedrite. The specific gravity of the 
ilmenite is 4.453 and a chemical analysis of it is given in the table, 
page ~4. 

Near the southern end of the eastern dike, at a point indicated upon 
the map~ is a prehistoric embankment which appears to have been the 
foundation for works to smelt the peridotite, probably on account of the 
supposed value of the bright ilmenite it contains. 

Magnetite is abundantly distributed throughout the whole rock. It 
rarely occurs in the form of well developed octahedrons, but appears gen­
erally in irregular, spongy grains a small fraction of a millimeter in di­
ameter. The magnetite results chiefly fmm the alteration of the olivine 
and ilmenite, and is therefore rarely, if ever, observed as veritable in­
clusions in the primary minerals. 

The particles picked out of the rock powder by the magnet were 
treated to an acidulated solution of sulphate of copper in water, and 
after their removal examination under the microscope showed that rmmy 
of the grains were coated with copper, indicating that some of the iron 
was present in the peridotite in a native state. 

Abundantly scattered among the other second~ry products in tile 
serpentinous network enveloping the remnants of olivine are yellowish 
clouded grains ranging in size from .004 to .06 millimeters in diameter. 
The intensity of the yellowish color varies considerably, with a strong 
inclination towards brown. Its index of refraction is very high, causing 
it to rise above the neighboring minerals, but its low grade of translu­
cency scarcely more than allows the observer to diRcover that the min­
eral is distinctly doubly refracting without determining certainly its de­
gree. The relation of this mineral to the ilmenite clearly indicates that 
it results from the alteration of the latter and at once suggests that it is 
a mineral with much titaBium, probably titanite or one of the forms of 
titanic oxide. This is clearly demonstrated by its cheminal reactions. 
Wit.h a very sharp steel point a number of these grains were removed 
from an uncovered section. In the Rame way a small particle of ilmenite 
about half replaced by yellow grains adhering to it was isolated. In 
both cases the material was djssolved in fused KHS04, and when the 
product was moistened with a solution of H20 2 it turned distinctly yel­
low, indicating the presence of titanium. The grains are compact and 
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generally spherical, or at most not more than twice as long as thick. 
Not infrequently· one discovers bounding planes to these grains in the 
sections that are straight and sharply defined, indicating crystallographic 
form. Such cases are generally accompanied by a higher degree of trans­
parency and are triangular, square, or diamond shaped. When dia­
moudshaped the grains are most strongly doubly refracting and extinc­
tion tak~s place parallel to the longest diagonal. No trace of cleavage 
could be discovered, nor could the system of crystallization be deter­
mined with certainty, but the facts mentioned render it highly prob­
able that the mineral is octahedrite. The occurrence of octahedrite as 
an alteration product of ilmenite was observed by the author several 
years ago in "Schalstein" from Hof in the Fichtelgebirge, Germany.1 

Cohen and Rosenbusch/" had previously called attention to the same 
phenomenon in other localities. 

Under the microscope the rock is seen to contain an abundance of 
carbonate ieregularly distributed amoug the secondary minerals. It is 
plainly a product of alteration, chiefly of the olivine. It is not affected 
by warm acetic acid, but effervesces vigorously in ordinary hydrochloric 
acid. After the calcium has been removed from the solution sodium 
vhosphate yields an abundant crystalline precipitate, showing the pres­
ence of magnesia and demonstrating that the carbonate is dolomite. It 
rarely accumulates in nodules as large as a hazel nut and only at points 
where the rock is highly altered. The high percentage of lime and car­
bonic acid present in the peridotite, as shown by chemical analysis No. 
4, in the table, page 24, indicates that there is about 14 per cent. of dolo­
mite present and that the carbonate of lime largely predominates in its 
composition. In some cases, as noted by Dr. M. E. Wadsworth3 and 
Prof. H. D. Irving,4 peridotite is almost completely replaced hy dolo­
mite resulting from its alteration. 

Next to olivine, serpentine is the most important mineral of the rock, 
and it occurs in two forms: :first in the form of small green scales, 
which, with dolomite, magnetite, ilmenite, and octahedrHe, compose the 
uetwork in which the rema,ining olivine is inclosed; frequently, bow­
ever, the olivine has entirely disappeared, and its place in the meshes is 
represented by yellowish serpentine, quite unlike the first in its color 
and inclnsions. The :first form is bright green of varying intensity, but 
rarely pleochroic, ancl it has weak double refraction, yielding between 
crossed nicols a peculiar bluish aggregate polarization. Its appearance 
under the microscope is like that of chlorite, but, when isolated and 
trea_ted with sulphuric acid and crnsium chloride, it did not show the 
presence of alumina. 

1 Anatas als Umwandlungsproduct von Titanit in Biotitu.mphibolgranit der Troas. 
Neues Jahrbuch, Vol. I, 18R3, p. 187. 

2 R. Roseubusch: Mikroskopische Physiographic der pet,rographisch wichtjgea 
Mineralien. Band II, p. 3:35; also, Zweite Auflu.ge, Ban'd I, p. 332. 

3 Lithological studies: Memoirs of the Museum of Comparative Zoology, Calli­
bridge, Mass., Vol. XI, Part I, p. 139. 

4J!,ifth A,.nnual Report United States Geological Survey, 1883-'84, p. 217, 
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Strongly contrasted with the green foliated serpentine is the yellowish 
fibrous form which with dolomite fills the meshes. It is often distinctly 
fibrous, and sometimes between the fibers are small radial aggregates 
which show a distinct cross between opposed nicols. The fibers are 
sometimes distinctly dichroic; the ray oscillating parallel to the longest 
axis is yellow and perpendicular to it pale greenish, but generally it is 
not perceptibly dichroic. This form of serpentine, although free from 
the larger inclusions so common in the other, contains great numbers of 
small black grains not more than .002 of a millimeter in diameter. These 
black grains are probably the magnetite secreted in a very fine form in 
the process of serpentinization, for this serpentine is slightly magnetic. 

RELATIONS AND ORIGIN OF THE PERIDOTITE. 

The :..·elation of the peridotite to the carboniferous sandstones and 
shales is of paramount importance in determining its age and origin. 
Although it has been repeatedly spoken of as a dike the evidenc;e has not 
yet been fully presented to establish its eruptive character. Concern­
ing the relation of the peridotite to its associated roeks only two 
bypoth eses are worthy of consideration: (1) the peridotite may he 
older than the carboniferous strata and may have formed on the floor 
of the sea a peak about which the horizontal strata were deposited; 
(2) the peridotite may have been erupted through the carboniferous 
strata. If the first hypothesis is correct we would expect to _find tile 
adjacent sandstone composed largely of detritus derived from the peri· 
dotite and to exhibit no evidence of contact metamorphism. On the 
other hand, if the second hypothesis is true, there would not necessarily 
be a correspondence in the composition of the neighboring rocks, and 
under favorable conditions the sedimentary deposits would be meta­
morphosed near their contact with the eruptive. 

The rocks of the neighborhood are so disintegrated and covered with 
soil that notwithstanding our careful search we were nuable to discover 
an exposure of the junction between the two rocks. N everthelees suf­
ficient evidence has been collected to definitely settle the problem under 
consideration. Very near an outcrop of the peridotite at locality 1 oc­
curs a calcareous sandstone of which mineralogical and chemical an ... 
alyses have been made. It is composed of quartz with a smaller pro­
portion of triclinic feldspar, bent scales of muscovite, and biotite, all of 
which are cemented by carbonate of lime. The quartz grains are dis­
tinctly subangular and not infrequently contain minute needles of 
rutile. The sandstone is conspicuously unlike the adjacent peridotite 
in it~ composition and clearly indicates that the peridotite was not in 
its present position at the time the sandstone was deposited. This dif­
ference is further emphasized by the chemical analysis, No. 7, page 24:. 
When it is compared with the analysis of the peridotite (No. 4) from 
the same locality the dissimilarity is so prominent as to dispel at once 
the thought that they may be genetically connected. 

This discordance in the composition of the two rocks stimulated the 
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hope of discoverbg evidence of contact metamorphism, and in this we 
Wflre not di1:;appoiuteu, for at locality 3 hardened sllale was found near 
the peridotite under such circumstances that its induration is certainly 
attributable to the influence of the eruptive mass. The effects produced 
by the peridotite upon the adjacent sedimentary rocks may be consid­
ered first and subsequently those experienced by the peridotite itself 
near the contact. For convenience the shale may be regarded as made 
up of two classes of constituents, (1) the grains of sand and (2) the ma­
trix or cement in which they are embedded. Among about a dozen 
t'pecimens ( f the shale examined the relative proportions of the sand 
grains and cement vary greatly. In one case the former predominates, 
S() that the rock may be regarded as a fine-grained sandstone, but gen. 
erally the earthy cement is in excess and frequently forms almost the 
whole mass. Some of tlle clear grains are quartz, but most of them are 

· of ortho~lase, microcline, or plagioclase feldspar. The matrix varies 
greatly, consisting chiefly where h~ast altered of a heterogeneous clayey 
substance containing a multitude of microlites,1 numerous small scales 
of mica, and particles of black organic pigment with a trace of magnetite. 

The metamorphic influence of the peridotite is clearly traceable in the 
distribution of the pigment and the development of a crystalline struct­
ure in the cement. The latter becomes more and more micaceous in 
character as the metamorphism increases, and the parallel arrangement 
of the folirn renders the rock more-easily split, sometimes even fissile in 
one direction. The distribution of the pigment is generally uniform 
throughout the mass, but in a portion of one of the sections it is clearly 
aggregated in to groups, giving the section a mottled appearance, and 
approaches in character the so-called Knotenthonschiefer so admirably 
investigated by Rosenbusch.2 The name spilosite bas been used to 
designate such rocks in the contact zone about basic eruptive masses. 
The dark spots (Knoten) are not visible in the hand specimens, but may 
be plainly seen in the section and appear to be completely isotropie. 
The lighter colored areas among these show between crossed nicols 
doubly refracting grains, which are chiefly mica associated with feld­
spar. Chemical analysis No.9 was made of a fragment of indurated 
shale in which the microscopic spots were most distinctly observed. 
Analysis No. 10 is of a fragment of shale included in the peridotite. 
The size and abundance of the mica scales in the altered shale is in a 
geueral way proportional to the intensity of the metamorphic influence. 
A person is frequently surprised, however, to find small fragments of 
shale, less than a centimeter in diameter, completely enveloped by the 
peridotite and yet not extremely metamorphosed. In 'many cases the 
small fragments are almost completely altered to mieaceous minerals, 

1 These microlites correspond exactly to those so frequently observetl in clay-slate 
and in a number of cases have been demonstrated to be rutile. H. Rosenbuscb: 
Mikroskopiscbe Physiographie der petrographisch wichtigen Minemlien. Zweite 
Auflage, p. 304. 

2 Die Steiger Schiefer und ihre Contactzone an dem Granititen von Barr-Andlau 
und Hohwald. 
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which appear to be of several sorts. A portion is completely color­
less and when examined in converging· light between crossed nieols 
is found to be distinctly biaxial, but the hyperbolrn when farthest apcut 
do not quite reach the outer limit of the field of vision. It is strongly 
doubly refracting, with the peculiar sheen commouly observed in mus­
covite. The other mica is more or less distinctly colored, being greenish 
or yellowish borderiug upon brown, and is distinctly dichroic light to 
dark yellowish green. It occurs in irregular scales and fibers, with 
stroug double refraction, and appears to be nearly or altogether uniax­
ial. The colorless mica is frequently continuous with that which con­
tains considerable coloring matter, and I have frequently been in doubt 
as to the presence of more than one kind of mica. 

'rhe included frag·ments of shale are always surrounded by a border 
of colol'less mica whose scales are intricately intermingled. Frequently, 
although not generally, the folirn have their greatest dimension at right . 
augles to the surface of the inclusion. This border varies in width, but 
is usually about 3 millimeters in thickness and composed almost exclu­
si \·ely of well developed irregular scales of colorless mica. The same 
mineral is distributed quite abundantly in the enveloped fragmeu t. 
l t. appears also sparingly scattered for a short distance away upon the 
ont~i1le of the border among the serpentine ~nd other alteration prod­
ucts of the peri<lotite. The brownish colored mica, which is so common 
in the altered shale adjacent to the peridotite, appears very different 
in the included fragments, where a higher uegree of alteration has taken 
place. It here appears to be a gray, clouded, translucent mass, which, 
between crossed nicols, is seen to be made up of scales of mica. This 
advanced stage of metamorphism in the included fragments is accom­
panied by the appearance of very interesting bodies which have not 
been definitely determined. They are pale yellowish in color, translu­
cent to almost transparent, and perfectly isotropic. The diameter of 
these little balls is generally about .02 of a millimeter and they are re­
markably uniform in size and shape. In general appearance they closely 
resemble the small translucent grains of octahedrite in the adjacent 
peridotite, but they cannot be octahedrite, for they are soluble in hydro­
c.hloric acid. When a flake of mica containing them is heated to a 
bright red heat they become less translucent and somewhat more earthy 
in appearance, but the change is not prominent. In the small frag­
ments the globules are usually numerous, scattered throughout the 
scales of clouded mica, but most abundant and less regular in form 
ncar the border of the inclusion, where they sometimes produce a quite 
distinct band just inside the one of colorless mica. In the fragment~ 
where this peculiar isotropic substance is most abundant there is but 
little well developed mica. Traces of other unimportant minerals occur 
under such circumstances as to render their determination a matter or 
great difficn1ty. Harely among the scales of clear mica in the bordflr 
which alwayR snrrounds included fragments of shale, may he obsern·<l 
elongated particles of a deep brown mineral, which in ordinary trans-
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mitted light resembles hornblende, but is not pleochroic, has weak 
double refraction and an extinction angle of about 37 degrees. The 
recent discovery that the Kimberley and other diamond mines of South 
Africa are upon volcanic necks of peridotite penetrating carbonaceous 
shale1 attaches much interest to the peridotite of Kentucky, where sim­
ilar geologic relations exist. Diamonds have not yet been discovered 
in Keutncky. The shale in the immediate vicinity of the dikes does not 
appear to be sufficiently rich in carbonaceous matter to excite much en­
thusiasm.2 

An endomorphic effect experienced by the peridotite near its contact 
with the sedimentary rocks is apparently discernible in a structure 
which may be regarded as variolitic in character. The peridotite at 
tllis point contains many fragments of included shale, but in the band 
specimens one sees nothing resembling a variolite. In a few of the thin 
sections, however, here and there among the olivine and its alteration 
products may be observed light brown, translucent, homogeneous, com­
pact bodies similar in general appearance to the isolated sphmrolites 
which sometimes occur in fresh andesitic rocks. Lighter colored vein­
lets run through them and between crossed nicols they are seen to be 
ra<1ially fibrous and show a distinct but not sharply defined black cross. 
The quadrants are rather intensely but not brilliantly red, yellow, or 
green, with a peculiar fuzzy appearance. These Yarioles are seen only 
in Rections containing inclusions of shale and appear to be most abun­
dant in their neighborhood; but, on the other hand., small included 
fragments of shale are frequently observed without any such structure 
ncar them. 

The facts which indicate the relation of the peridotite to the adjacent 
carboniferous strata may be briefly recapitulated. In mineralogical 
and chemical composition the two rocks are ver.v unlike. The carbon­
iferous shales near their junction with the peridotite are greatly in­
durated . by the development of a crystalline structure, which as it 
augments obliterates the sedimentary character and gives rise to a 
schistose arrangement of the particles. Fragments of shale of various 
sizes are inclu<led in the peridotite and have been greatly metamor­
phosed. On the other hand, the peridotite near its junction with the 
sedimentary rocli:s, owing to their influence upon it, has locally devel­
op~<l a variolitic structure such as has been not infrequently observed 
iu diabaseR and other ernptive rocks near their contact with older for­
mations. These facts demonstrate beyond a doubt that the peridotite 
is a truly eruptive rock which has been forced up through the carbon­
iferous strata. Peridotites are common rocks, but they are almost 
always associated with others of a 1Jighly crystalline character in regions 
of great disturbance, and their origin cannot be clearly demonstrated. 
By many authors they are regarded as eruptive, but by others they are 
considered to belong to sedimentary formations. In one of the very 

1 H. Carvill Lewis : The Gcnesi"l of the Diamon(l, SciAnce, Vol. VIH, p. 345. 
~The Genesis of the Diamond, Science, Vol. VIII, p. 392, October 29, 1886. 
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latest works on 1ithology1 they are included among ''katogene" rocks, 
i. e., rocks which, like sandstone, are formed of material depositeil at a 
level lower than its. source. In this country the dunite associated with 
the corundum deposits of North Carolina has been regarded by Dr . .A. 1\. 

Julien,2 who studied the rocks both in the field and underthemicrosco1w, 
as a deposit of olivine sand derived from an earlier eruptive mass. Dr. 
M. E. Wads worth, 3 after a critical examination, considered them to be 
eruptive, and my investigations of the same rocks convince me that 
Dr. Wadsworth's conclusion is correct. The dunite of North Carolina 
and the one in Elliott County, Kentucky, are essentially the same in 
structure and composition, and I believe are also of the same eruptive 
ongm. Certain it is that the one in Kentucky is eruptive, and all the 
essential phenomena in North Carolina point in the same direction. It 
is important to note, however, a marked difference in the character of 
the alteration in the two cases. In the dunite of North Carolina, as 
well as in a number of undescribed peridotites of Northern California 
and elsewhere,4 which like it are found associated with highly contorted 
and metamorphosed strata, the olivine frequeutly alters to lwrnL1ende. 
In Kentucky, however. where regional metamorphis rn is entirely absent, 
uo such alteration has been observed. 

OHEMIC.A.L COMPOSITION. 

The following table presents in a concise form all of the chemical 
analyses which have been made of the peridotite, its constituents, and 
associated rocks : 

Chemical analyses of peridotite and associated rocks. 
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1 E. Kalkowsky: Elemente der Lithologie, p. 236. 
2Proceedings Boston Society Natural History, Vol. XXII, p. 141. 
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4 Mikroskopische Physiographic der petrographisch wicbtigen Minera lien. Zweite 
ganzlicb umgearbeitete Auflage, pp. 412, 413. 
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Chemical analyses of peridotite and associated 1·ocks-Continued. 
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Lime CCaO)..... ... • • .. . . . 1. 16 4. 94- 0. 23 7. 69 6. 94 2. 09 10. 15 o. 51 9. 91 21. 17 
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Potash (K20).. ........... 0. 21 ...... ..... .. 0. 20 I 0. 65 4. 82 2. 36 3.17 · 0. 88 1. 08 

:!:~~L~ ~:;; :::::: :~:~ ::~: ~ ~:: :~· ·~ +::_1 ·~:: :~: :~ ::~:~~t~: ~ <: ~ , :~:~ 
Total . . • .. . . .. .. . .. . 99. 42 _ 100. 5~_ ! 100. 10 ~00. 8G 1 100. 15 I 99. 70 = 99. 78 =1 100. 51_ 100. 03 ,100. 211 
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*In sulphides. 

Analysis No.5 of the peridotite was made by A. M. Peter and J. H. 
Kastle in the chemical laboratory of the Geological Survey of Kentucky. 

I All the other analyses were made by T. M. Chatard in the chemical 
laboratory of the United States Geological Survey. 

Although the freshest samples of the peridotite were selected for 
analysis, the large percentage of water and carbonic acid present indi­
cates a high degree of alteration. As compared with the analyses of 
other typical peridotites the amount of siJica appears very low, but this 
does not necessarily indicate that any of the silica has been removed, 
for its apparent decrease is due, at least in large part, to the addition 
of water and carbonic acid from external sources. 

LOOSE FRAGMENTS OF FELDSPATHIC ROCKS FOUND WITH THE 
PERIDOTITE. 

At the localities marked 4 and 5 upon the map loose fragments of 
highly feldspathic rocks occur upon the surface, mixed with t.he soil con­
taining garnets and ilmenite. The fragments found at the two places, 
although somewhat dissimilar, are holocrystalline and granitic iu 
structure, altogether unlike the adjacent sandstones and shales, and it 
is evident that they belong to the eruptive mass. They deserve special 
attention and will be noticed separately, beginning with those found 
upon the hillside at locality 4, a short distance northwest of the site of 
the old furnace. Several fragments were found at this place, scattered 
along the border of the dike for a distance of f>O yards. The hand 
specimen looks very like a rotten syenite and is easily crumbled be-
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tween the fingers. Notwithstanding the fact of its feeble cohesion the 
feldspar, which iR by far the most prominent mineral of the rock, exhib­
itR numerous bright cleavage and crystal faces. Dark colored miner. 
als are not conspicuous. Among these, ilmenite may be easily recog­
nized by its jet blaek color and brilliant luster. Under the microscope 
the rock is seen to be composed chiefly of feldspar. Considerable 
quartz and ilmeuite are present, with a trace of hornblende, sphene, and 
apatite. The feldspar is of two sort8, orthoclase and plagioclase, readily 
distinguislwd by their optical characters. They are generally grown 
together as pertbite and may be completely irregular in their interlock­
ings, hut frcq nently the parallel sheets of each, varying from .005 to 
.01 millimeter in thickness, join in the plane of the orthopinacoitl and 
are q11ite regular in outline. The orthoclase is somewhat clouded by 
kaoliuization, but the plagioclase is colorless and transparent, with 
bright polarization between crossed nicols. The polysynthetic twinning 
which characterizes the plagioclase is generally parallel to the clino­
pinacoid, l>nt frequently associated with these lamell::£ are others par­
allel to the ortbopinacoid. Cleavage lamellrn of tlw plagioclase paral­
lel to the base have a very small angle (2 degrees) of extinction. 
Thit:l fact indicates that the plagioclase is not pure albite, but has a 
considerable admixture of the anorthite molecule and is probably oligo 
chse. This conclusion is substantiated by a test with hydrofluorsilicic 
acid, which shows the presence of both calcium and sodium. The feld­
spar, especially the perthitic form, contains numerous inclusions. Be­
sides apatite and ilmenite, the earlier products of crystallization, the 
feldspar colltains numerous acicular groups of ligl1t brown scales, whose 
character could not be definitely determined. The scales are frequently 
bexagoilal in form, and altlwngh all are in a row their hexagonal planes 
may make any angle with the longer axis of the gronp. These acicular 
gronps generally lie at an angle of abont 45 or 90 degrees to the plane 
of the perthitic lamellre. 

Qtlartz occurs in clear, colorless grains, the uniaxial positive charac­
ter of which can be easily demonstrated. It contains occasional liquid 
and gas inclusions, but uone of the kind so common in the feldspar. 
Quartz and feldspar are each included in the other and must have 
crystallized synchronously. The green dichroic mineral regarded as 
hornblende does not appear with well defined crystallographic feat­
ures. It has rather strong double refraction, but the angle of extinc­
tion could not be sharply determined in the absence of well defined 
cleavage. Chemical analysis No.6 in the table is of this feldspathic 
rock. Its mineralogical and chemical constitution indicates tl1at it he­
longs ratller to tbe granites than to the syenites, although it is closely 
related to the latter group. 

The other specimen of feldspatbic rock collected near the eastern end 
of the dike at locality 5 is quite unlike the one just d<'scribed. The only 
fragment found in this case is very solid aml fresll in appearance and 
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somewhat gneissoid in structure. Iu the haud specimen it appears to be 
composed chiefly of feldspar and garnet and a smaller proportion of a 
greenish mineral, but in addition to these the microscope reveals the 
presence of small quantities of quartz, enstatite, apatite, and other ac­
cessory minerals. In structure it is holocrystalline and distinctly gran­
ular. None of its constituents, excepting the minute acicular inclusions, 
has a well defined crystallographic outline. The feldspar is plagioclase 
with a much larger angle of extinction and broader twinning lamellro 
than the oligoclase of the other fragment. Orthoclase, if present at all, 
is rare and does not appear in perthitic growth with plagioclase. Occa­
sionally the feldspar is bent or broken, as if sn hjectcd to great strain 
since its crystallization. Nearly or quite a third of the rock is formed of 
garnet, which to the unaided eye looks very like the pyrope of the peri­
dotite. It differs from the latter, howe\-rer, very prominently under the 
microscope in containing numerous included microlites. These minute 
acicular crystals are of a yellowish mineral like rutile, but between 
crossed nicols are seen to be brilliantly doubly refracting with inclined 
extinction. The angle of extinction vari~ from 0 degree to 30 degrees, 
indicating that the mineral crystallizes in the monoclinic system. Cross 
sections of the small crystals have a rhombic or elliptical outline. Rarely 
tbese iuclusions are arranged irregularly, but generally they appear to he 
nearly equally distributed in three sets. The longer axes of the crys­
tals in each set are parallel, but 1 he longer a.xes of the different sets 
make an angle of about 45 degrees with one another. Frequently these 
minute crystals are associated with cavities, as represented in the an­
nexed figure 8. 

The first example looks as though the crystal had been formed by 
partly filling a cavity, of which n represeuts the portion remaining nn­
occupied. In the second example, however, theca vity e is 
between b and c, which are optically paral1el, indicating 
that they are parts of the same crystal and that the cavity 
bas been formed by dissolving away its middle portion. 
Although these inclusions are numerous in the garnet 
they are even more abundant in the green mineral, which 
has not been definitely determined. It has almo~t as 
high an index of refraction as garnet and is strougly 

b 

d 

c 

doubly refracting. It is plainly biaxial, with extinction Fw. 8. Inchulllll 

inclined to the indistinct clea,vagr.. 'J'he qnart?:, em;tn- microlitcs ::tncl cav· 

tite, apatite, and a yellowiRh brown mineral like rntilo ities in gamet. 

present nothing worthy of special mention. Tho stl'nctnre and mmeral­
ogical composition of this rock fragment closely ally it to the granu­
lites. 

The presence of the two kinds of fragments of feldspathic rocks inter­
mingled with the soil resulting· from the disintegration of the peritlotite 
may be explainr(l in man.,y ways, b !1t from the fact that the dike occurs 
in neady horizontal, unaltered, stratified rocks, many scores of miles 
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away from the nearest known outcrops of similar massive terranes, it is 
bighJy probable that the fragments are indigenous to the. region and 
were brought to the surface by an eruption. Their striking dissimilar­
ity in composition to the peridotite indicates that they cannot with any 
considerable degree of probability be regarded as early products of crys­
tallization in the peridotitic magma, but must be lookecl upon rather as 
inclusions of the country rock brought up from beneat~ a vast thick­
ness of unaltered Paleozoic strata. The presence of a number of granitic 
fragments, nearly in line along the border of the olivine rock, suggests 
that the granite may have reached the surface by an independent ernp· 
tion instead of as an inclusion brought up from the depths by the peri· 
dotite. 

AGE OF THE PERIDOTri'E. 

Professor Crandall has kindly furnished me the following field notes 
upon th.e general geological features of Eastern Kentucky, which have 
an important bearing upon the age of the peridotite: · 

The dike is found near the line which marks the eastern limit of the Silurian an~ 
ticlinal of Ohio and Kentucky, as modified by the final uplift of the Carboniferous 
series. That the Silurian axis was involved somewhat in this movement is indicated 
by the conditions as now observed; but there remains a clearly defined anticlinal 
ridge, with the border of the Coal Measures on its eastward slope, as has been pointed 
out in various reports on the geology of Eastern Kentucky. 'l'he eastward dip is in­
terrupted along a line which is, in a general way, parallel to the border of the coal 
field. This interruption is more or less prominent as marked by a reduced dip, or by 
horizontal beds, or even by a reverse dip of the exposed strata. The last condition 
is more noticeable in Elliott County than elsewhere. The line of change falls but a 
few miles east of the dike. The reverse and the varying dips eastward and south­
east from this line are the result of the upheaval of the Cumberland coal field, a 
movement which hinged on the Silurian axis along this line. The Silurian axis still 
remains, a prominent, unmistakable feature, as remarked, but reduced in width cast­
ward and somewhat obscured in the topography as modified by the resulting drain­
age. That there may have been profound fractures of the rock formations along this 
line of hinge movement follows as a matter of course. The Elliott County dike may 
be supposed to add something to the probability of such fractures as the result of this 
movement. The movement as described may, in turn, throw some light ou the oc~ 
cnrrence of this outlying dike. 

Transverse to the axis of uplift are some minor wave-like undulations, especially 
south ward, and involving Elliott County in part, as noticed in Lesley's report on the 
outcrop line of the eastern coal field of Kentucky. These undulations have a deter­
minative relation to the drainage, as in the case of the Licking, the Red, and the 
Kentucky Rivers, and it is not improbable that they may have an important rela­
tion to the faults which traverse adjacent parts of the Silurian axis and terminate 
in the border of the coal field. The most striking modification of the general dip by 
transverse flexure is found along a belt which extends from the Big Sandy River, 
south of Louisa, in Lawrence County, to a point opposite to and but a few miles east 
of the dike. The dip along this belt is to the north ward from a ridge of conglomer­
ate rock, which elsewhere falls below the drainage along the border of the coal fields. 
It is along this slope that the oil ancl gas developments of Lawrence and Martin 
Counties are being made. The prominent geological basin centering at Willard is 
formed by a junction of this northward dip with the general son theast dip, increased 
by local depression. Willarcl is abont 6 Jniles in a direct line northeast of the dike. 
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The dike is found near the ,juncture of two lines of flexure: one parallel with the 
axis of uplift of the Coal Measures and the other a transverse or secondary undulation 
of conside-rable local prominence. Whether or not these conditions throw light on 
the occurrence of igneous rock far from any region of great disturbance, they form an 
interesting, if not a necessary, background to any general view of the dike and its 
surroundings. 

That the eruption of the peridotite occurred since the deposition of 
the Carboniferous strata with which it is associated is a matter that does 
not admit of question, but whether or not its extrusion took place at 
the close of the Carboniferous period synchronously with the plication 
of the Paleozoic strata of the Appalachian system is difficult to deter­
mine. 

The very slight disturbance suffered by the strata through which the 
peridotite reached the surface suggests that its extrusion may not have 
been connected with the great orographic movements at the close of the 
Carboniferous age, but rather with the subsequent dislocations, like that 
of Piue Mountain in Southeastern Kentucky, which, according to Pro­
fessor Shaler, occurred at a much later date. 

SUMMARY. 

The rock recently discovered by the State Geological Burvey in Elliott 
County, Kentucky, is a peridotite, which on account of the great pre­
dominance of olivine in its composition is closely related. to dunite, such 
as occurs in the corundum region of North Carolina. 

Among the interesting features of the peridotite is the occurrence of 
some of the olivine in well defined crystals. It contains a considerable 
proportion of ·pyrope and ilmenite; the former, as in many other peri­
dotites, is surrounded by a fibrous border composed chiefly of biotite. 

The peridotite is associated with nearly horizontal Carboniferous sand­
stones and shales, from which it differs widely in chemical and. mineral­
ogical constitution. It not only includes numerous fragments, but has 
greut.ly indurated the shale near the contact and has itself suffered en­
domorphic effects in the production of a spluerolitic structure corre­
sponding to that of variolites. These facts clearly indicate that the 
peridotite is eruptive and render its occurrence of much importance, 
for it so rarely happens that peridotites are found under such circum­
stances that their eruptive character can be fully established. 

WASHINGTON, D. C., April 26, 1886. 
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ADVERTISEMENT. 

[Bnlletin No. 39.] 

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 repor·ts 
of saiu Survey shall be issued in "llniform quarto series if deemed necessary by tho Director, but other­
wise in ordinary octavos. Three thousand copies of each shall be pubHshed 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. 

Of the Annual ReportR there have been already published: 
I. First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.-A 

preliminary report describing plan of organization and publications. 
ll. Report of tho Director of the United States Geological Survey for 1880-'81, by J. W. Powell. 

1882. so. lv, 58S pp. 61 pl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1S81-'S2, by J. W. Powell. 18S3. 

so. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1SS2-!'83, by J. W. Powell. 18S4. 

S0. xxxii, 473 pp. S5 pl. aml maps. 
V. Fifth Annual Report of' the United States Geological Survey, 18S3-'84, by J. W. Powell. 1SS5. 

so. xxxvi, 46!) pp. 58 pl. and maps. 
'.fhe Sixth and Seventh Annual Reports are in press. 

MONOGRAPHS. 

Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII. IX, X, and XI are now published, viz: 
IT. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U. S. A. 

1882. 4° . xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
IlL Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

1S82. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock ¥ining and Miners, by Eliot Lord. 1883. 40, xiv, 451 pp. 3 pl. Pri~e $1.50. 
V. Coppor·bearing Rocks of' Lake Superior, by Roland D. Irving. 1883. 40. xvi, 464 pp. 15 l. 

29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 

18S3. 4°. xi, 1H pp. 54 I. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 1884. 4o. xiii, 200 pp. 16 pl. 

Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles D. Walcott. 18S4. 4o. xiii, 298 pp. 24 1. 

24 pl. Price $1.10. 
IX. Brachiopoda. and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. Price $1.15. 
X. Dinocerata. A Monograph of an Extinct Order of' Gigantic Mammals, by Othniel Charles Marsh. 

1885. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of N ortbwestern Nevada, by Israel 

Cook Russell. 18S5. 4°. xiv, 288 pp. 46 pl. Price $1. 75. 
The following is in press, viz: · 
XII. Geology and Mining Imlustry of Leaddlle, with atlas, by S. F. Emmons. 1886. 40, xxix, 

770 pp. 45 pl. and atlas of 35 sheets folio. 



AbVERTISEMENT. 

The following are in preparation, viz : 
I. The Precious Metals, by Clarence King. 
- Gasteropoda of the New ,Terscy Cretaceous and Eocene Marls, by R. P. Whitfield. 
-Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. 0. C. Marsh. 
- Brontotheridre, by Prof. 0. C. Marsh. 
- Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- Tho Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Irving. 
-Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
-Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux. 
-Report on tl1e Denver Coal Basin, by S. F. Emmons. 
- Report on Ten-Mile Mining District, Colorado, by S. F. Emmons. 
-Report on Silver Cliff Mining District, by S. F. Ewmons. 
-Flora of the Dakota Group, by J. S. Newberry. 

BULLETINS. 

The Bulletins of the Survey will contain such papers relating to the general purpose of its work as 
do not properly come underthe heads of .Annual Reports or Monographs. 

Each of these Bulletins contains but one paper and is complete in itself. They are, however, num­
bered in a continuous series, and may be united into volumes of convenient size. 'I'o facilitate this, 
each Bulletin has two paginations, one proper to itself and another which belongs to it as part of the 
volume. 

Of this series of Bulletins Nos. 1 to 39 are already published, viz: 
1. On Hypersthene-Andesite and on Triclinic Pyroxene in .Augitic Rocks, by Whitman Cross, with 

a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. go. 42 pp. 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., by 

.Albert Williams, jr. 1883. S0 • 8 pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 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 tht' United States, compiled by Henry Gannett. 1884. 8°. 325 pp. 

Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. so. 43 pp. Price 5 cents. 
7. Mapoteca Geologica .Americana. A catalogue of geological maps of America (North and South), 

1752-1881, 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. 

VanHise. 1884. 8°. 56 pp. G pl. Price 10 cents. 
9. Iteport of work done in the Washington Laboratory during the fi~Jcal year 1883-'84. F. W. Clarke, 

chief chemist; T. M. Chatard, assistant. 1884. 8°. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles D. Walcott. 1884. 

8°. 74 pp. 10 pl. Price 5 cents. 
l 1. 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. Gil· 
bert. 1884. S0 • 66 pp. 6 pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°. 
34 pp. 3 pl. Price 5 cents. 

13. Boundaries of the Unitecl States and of the several States and Territories, by Henry Gannett, 
1885. 8°. 135 pp. Price 10 cents. 

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

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 
33 pp. Price 5 cents. 

16. On the higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°. 
86 pp. 3 pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, by Arnold 
Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 cents. 
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LETTER OF TRANSMITTAL. 

DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY, 

Washington, D. 0., Junes, 1886. 
SIR: I have the honor to transmit herewith for publication as a 

Bulletin of the Survey a paper em bodying the results of the investiga­
tious of Mr. Warren Upham, assistant geologist, upon the upper 
beaches and deltas of the extinct Lake .Agassiz, which, in glacial times, 
occupied the basin of the Red River of the North. 

This is but an initial contribution, embracing only so much of the 
data gathered as from their degree of completeness and interest warrant 
present publication as a record of results. The investigation is still in 
progress, and the general discussion of data and the eduction of con­
clusio"!ls are reserved until its completion. Meanwhile the great mass 
of carefully determined facts here recorded will, besides their inherent 
independent value, be of important and immediate service to the stu­
dents of ot~er extinct and shrunken glacial lakes. 

Very respectfully, 

Ron. J. W. POWELL, 

T. C. CHAMBERLIN, 
Geologist in Charge of Glacial Division. 

D·irector U.S. Geological Survey, Washington, D. 0. 
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UPPER BEACHES AND DELTAS OF LAKE AGASSIZ. 

By WARREN UPHAM. 

INTRODUCTION. 

That part of the extinct Lake Agassiz which lies in Minnesota, so far 
as it is prairie, was explored uy the writer in 1879 and 1881 in connection 
with the Geological aud Nat ural History Survey of Minnesota, the re­
sults of which are partly used in the preparation of this report for the 
purpose of giving completeness and significance to the observations 
obtained in the survey to which this bulletin more especially relates.1 

Further exploration of this lake was begun for the United States 
Geological Survey by the writer, with Robert H. Young as assistant, in 
1885, mapping the upper or Herman beaches in Dakota from Lake 
Traverse to the international boundary, besides portions of the lower 
shore lines, with exact determinations of their elevation by leveling. 
As the Herman beaches and deltas are thus surveyed along the entire 
extent of Lake Agassiz in the United States, ·excepting the wooded 
region of Northern M_innesota, where their exact survey seems imprac­
ticable, they are made the subject of the present report, reserving the 
detailed description of the lower beaches and the inclosed lacustrine 
area until their exploration within the United States is finished, for 
which the field work of 1886 will probably suffice. 

Discussions of the history of Lake .Agassiz and of the causes that 
have changed the relations of surfaces of level here are mainly deferred 
to the end of the examination of the whole area of this lake. Obser­
vations gathered thus completely may be reasonably expected not only 
to add much to our knowledge of the conditions attending the glacial 

1 The Geological and Natural History Survey of Minnesota, Eighth Annual Report 
(1879), pp. 84 to 87, containing a general statement of the ex teht of this lake, with 
notes of its beaches and deltas at a few points, and proposing for it the name Lake 
Agassiz; and Eleventh Annual Report, pp. 137 to 153, describing and mapping the 
Herman, Norcross, and Campbell beaches, noting the decrease in the northward 
ascent of the lake level during its successive stages, and attributing these changed 
levels to the attraction of the lake by gravitation toward the diminishing ice sheet. 
This work in Minnesota was done under the direction of Prof. N.H. Winchell, State 
geologist, with the assistance in 1881 of Horace V. Winchell as rodman in leveling. 
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10 UPPER BEACHES OF LAKE AGASSIZ. [BULL.39, 

period and the recession of the ice sheet but also to shed needed light 
on the nature and relations of the earth's crust and interior. 

The glacial Lake Agassiz is confidently believed to have been formed 
in the basin of the Red River of the North and of Lake Winnipeg dur­
ing the final melting and gradual recession of the ice sheet. It thus 
belongs to the closing epoch of the ice age, when the continental glacier, 
subdued by a more temperate climate, was yielding its ground between 
Lake Traverse and Hudson Bay. During this retreat free drainage 
from the melting ice could not take place, because the descent of the 
land is northward. As soon as the border of the ice had receded be­
yond the watershed dividing the basins of the Minnesota and the Red 
Rivers, it is evident that a lake, fed by the glacial melting, stood at the 
foot of the ice fields and extended north ward. as they withdrew along 
the Red River Valley to Lake Winnipeg, filling this valley and its 
branches to the height of the lowest point over which an outlet could 
be found. Until the ice barrier was melted upon the area now crossed 
by the Nelson H.iver, thereby draining this glacial lake, its outlet was 
along the present course of the Minnesota River. At first its over­
flow was upon the nearly level, gently undnlating surface of the drift, 
about 1,100 feet above the sea; but in process of time this cut a channel 
125 to 150 feet deep and from 1 to 2 miles wide, in which lie Trav­
Arse and Big Stone Lakes, respectively 970 and 962 feet above the sea. 
From this outlet the plain of the Red River Valley, 30 to 50 miles 
wide, stretches 315 miles north to Lake Winnipeg, which is 710 feet 
above the sea. Along this entire distance there is a very uniform con­
tinuous descent of a little less than one foot per mile. The drift de­
posited by the ice sheet upon this area, together with that which may 
have been dropped hy floating ice borne on the waters of the lake, an<l 
the silt brought in by glacial rivers and by thos~ of the surrounding 
land, were here received in a lake, shallow near its mouth, but becoming 
gradu.:tlly deeper north ward. Beyond our national boundary this lake 
covered a large area, varying from 100 to 200 miles in breadth at and 
west of Lake Winnipeg, and its total length appears to have been at 
least 600 miles. Because of its relation to the retreating continental 
ice sheet, this lake has been named in memory of Prof. !Jouis Agassiz, 
the first prominent advocate of the theory that the drift was produced 
by land ice.1 

THE UPPER OR HERMAN BEACH. 

Along nearly the whole of the upper shore line of Lake Agassiz, as 
traced in Minnesota and Dakota, there exists a remarkable deposit of 
beach gravel and sand, forming a continuous, smoothly rounded ridge, 
such as is found along any part of the shores of the ocean or of our great 

1 The Geological and Natural History Survey of Minnesota, Eighth Annual Report, 
for the year 1879, pp. 84, 85. 
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INTRODUCTION. 11 

htkes where the land sinks in a gently descending slope beneath the 
water level. Usually tb e beach of Lake Agassiz (Fig. 1) is a ridge 3 to 10 
feet above the land next to it on the side away from the lake and 10 to 
20 feet above the land adjoining it on the side where the lake lay. In 
breadth this beach ridge varies from 10 to 25 or 30 rods. It is thus a 
broad wavelike swell, with a smooth, gracefully rounded surface. 

BEACH GRAVEL AND SAND. Till. Area of Laks Agassiz. 
TILL, SLIGHTLY ERODED. 

SCALE, 100 FEET TO ONE INCH, 

FIG. 1. Typical section across a beach ridge of Lake Agassiz. 

Such being a section across the beach, it is to be remembered that 
this ridge extends along the whole distance that has been explored, 
with only here and there gaps where it has been cut through by streams 
and rare intervals-of a quarter or a half of a mile, or, at the longest, 
2 or 3 miles- where the outline of the lake shore or the direction of 
the shore currents prevented such accumulation. It is also deficient 
on the shores of the strait that occupied the Elk and Golden Valleys 
in Dakota, but is well developed along the chaiu of islands east of 
this strait. There are similar interruptions in the lleaches of present 
lakes and on the sea coast; and, like these modern deposits, the beach 
of Lake Agassiz varies considerably in its size, having in any distance 
of 5 miles some portions 5 or 10 feet higher than others, due to the un­
equal power of waves and currents at these parts of the shore. The 
usually moderate slope of the land toward Lake Agassiz was fa\·or­
able for the formation of a beach ridge, and one has been clearly traced 
as an essentially continuous formation along a distance of 400 miles 
in Minnesota and Dakota. In calling it continuous, I mean to say that 
whenever interrupted it is found a little distance farther along, begin­
ning again at very nearly the same height. 

The gaps where the beach is not a distinctly traeeable ridgelike de­
posit of gravel and sand cannot exceed one-tenth of its whole course. 
In a few places the lake undermined its shore, forming a terrace in the 
till, with no definite beach deposit, the work of the waves having been 
to erode and carry away rather than to accumulate. In other places­
sometimes 2 or 3 miles in length-the area where this ancient lake 
had its margin is a marsh or shaking bog, full of spring water and rough 
with hummocks of grass. 

Commonly the land upon each side of this beach of Lake Agassiz is 
till or unstratified clay, containing some intermixture of sand and gravel 
and occasional stones and bowlders. The material of the beach ridge is 
remarkably in contrast with this adjoining and underlying till, for it in­
cludes no clay, but consists of stratified sand and gravel, the largest 
pebbles being usually from 2 or 3 to 6 inches in diameter. No bowlders 
referable to transportation by floating ice have been found in any of 
the beach deposits of this lake. 

(397) 



12 UPPER BEACHES OF LAKE AGASSIZ. (!lULL. 39. 

When Lake Agassiz stood at its greatest height and formed the upper 
beach, its outlet was about 75 feet above the present surface of Lake 
Traverse, or 1,045 feet above the sea. The channel which at this time 
had been excavated in the drift by its outflow was 40 to 50 feet deep 
along the distance of about 50 miles, where are now Lake Traverse, 
Brown's Valley, and Big Stone Lake. This beach is crossed by the 
Breckenridge line of the Saint Paul, Minneapolis and Manitoba Rail­
way at a point about 11- miles northwest from Herman, Minnesota. 

THE NORCROSS BEACH. 

Three lower beaches, of the same character as to form, size, and ma­
terial with the highest, have been also noted; their course lias been 
traced through long distances and their height has been determined by 
leveling. At the next epoch after that of the upper or Herman beach, 
when the lake level was again nearly stationary long enough to form 
a ridge of gravel and sand upon its shore, the outlet had been eroded 
about 20 feet deeper than at the time of the upper beach, but was still 
55 feet above the present Lake Traverse and Brown's Valley. The 
beach of Lake Agassiz, when it had this lower level, is crossed by the 
Breckenridge railway line at Norcross, Minnesota, 5 miles northwest 
from Herman. 

THE CAMPBELL BEACH. 

A third series of beach deposits was formed when the outlet of Lake 
Agassiz had been lowered some 50 feet more, uearly to the level of Lake 
Traverse. The beach of this third stage of Lake Agassiz takes its name 
from t)le township of Campbell (T. 130, R. 46), in the southern part .of 
Wilkin County, Minnesota, which it crosses from southwest to north­
east. 

THE M1CAULEYVILLE BEACH. 

The fourth and lowest beach of Lake Agassiz, while it outflowed to 
the south, was formed after a further erosion of 15 feet, lowering the 
outlet to 960 feet above the sea and completing the excavation of its 
channel to the present beds of Traverse and Big Stone Lakes. My first 
observation of this beach was 3~ miles northeast from M.cCauleyville (T. 
134, R. 48), in Wilkin County, Minnesota. 

Four distinct series of beach ridges of gravel and sauu were tllus 
formed by Lake Agassiz at successive stages of height during its proc­
ess of deepening the channel by which it outflowed southward. 

THE RED RIVER VALLEY. 

The central part of the basin of Lake Agassiz, within th'3 limits of 
Minnesota and Dakota, now drained by the Red River, has an exceed­
ingly :flat surface, sloping imperceptibly northward, as also from each 
side to its central line. The Red River has its course along the axial 
depression, where it bas cut a channel 20 to 60 feet deep. It is bor­
dered by only few and narrow areas of bottom land, instead of which 
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it~ banks usually rise steeply on one side and by moderate slopes on 
tile other to the lacustrine plain, which thence reaches nearly level10 
to 30 miles from the river. Its -tributaries cross the plain in similar 
channels, which, as well as the Red River, have occasional gullies con­
nected with them, dry during most of tho year, varying from a few 
hundred feet to a mile or more in length. Between the drainage lines 
areas often 5 to 15 miles wide remain unmarked by any watercourses. 
The highest portions of tltese tracts are commonly from 2 to 5 feet above 
the lowest. 

This vast plain, 40 to 50 miles wide, lying half in Minnesota and half 
in Dakota and stretching from Ijake Traverse and Breckenridge north 
to Winnipeg, is the widely famed Red River Valley, the most fertile 
wheat land of the continent. The material of the lower part of this 
ancient lake bed, shown in the banks of the Red River and reaching 
several miles from it, is fine clayey silt, horizontally stratified, but its 
south end and large areas of each side of this plain are mainly unstrat­
ified bowlder clay, which differs from the rolling or undulating till of 
the adjoining region _only in having its surface nearly flat. Both these 
formations are almost impervious to water, which therefore in the rainy 
season fills their shallow depressions; but these are very rarely so deep 
as to form permanent lakes. Even sloughs that continue marshy 
through the summer are infrequent, but where they do occur they cover 
large tracts, usual1y several miles in extent. 

On all the area drained by the Red River in Minnesota the glacial 
drift is so thick that no exposures of the underlying rocks have been 
found, and they have only few outcrops within this basin in Dakota. 
The depth of the drift varies from 100 to 250 feet. The prominent 
topographic features of all this region are doubtless due to the form of 
the underlying rock surface, upon which the drift is spread in a sheet 
of somewhat uniform thickness. 

Erosion, before the ice age, had sculptured the rocks that are buried 
and concealed under this universal drift sheet and had formed the 
broad, nearly 1evel depression of the Red River Valley, which in the 

· United States is 1,000 to 800 feet, from south to north, above the sea. 
Slopes and terraces of these rocks beneath the drift cause the rise east­
ward from this valley to the lake-sprinkled plateau, 1,300 to 1,500 feet 
above the sea, which reaches from Glen wood, A.lexandria, and Fergus 
Falls to the. sources of the Mississippi. For example, though the trav­
eler finds no ledge of rock in going from the Red River at Fargo and 
Moorhead 75 miles east-northeast to Itasca Lake, it yet appears that the 
form of the surface, marked by two remarkable terraces, is due to that 
of the bed rock. The flat of the Red River Valley extends from Moor­
head to about 6 miles east of Glyndon, with a slight ascent of about 50 
feet in these 15 miles. The next 2 or 3 miles rise 200 feet to the top 
pf a terrace, which reaches from south to north the whole length of 
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the Red River Valley in Minnesota, though it is not all the way so dis­
tinct nor so high as here. Beyond this ascent the surface is again nearly 
level, being a sheet of slightly undulating or rolling till, with a rise of 
perhaps 4 or 5 feet per mile, through 25 miles eastward. Next is a 
terrace, also reaching a long distance from south to north, which is 
ascended in 3 or 4 miles, rising about 300 feet, to the "\Vhite Earth 
Agency, which thus commands a very e.;tensive western prospect. 
Thence a more rolling plateau extends, with little change in the average 
height, 30 miles eastward to Itasca Lake. 

In like manner the elevation of the Coteau des Prairies, 1,500 to 2,000 
feet above the sea, and the terracelike ascent at the west. side of the flat 
Red River Valley in Dakota, lying at a distance of 20 to 35 miles west 
of the Red River and stretching from the south bend of the Sheyenne 
River north to the British line, where it is called Pembina Mountain, 
are due to the contour of the bed rock, rather than to differences in the 
thickness of the drift. 

The till upon each side of Lake Agassiz has a moderately undulating 
and rolling surface. Within the area that was ·covered by thi~ lake 
it has a much smoother and more even contour, but ha~ been only 
~lightly ~tratified. The action of its waves gathered from this deposit 
of till, which wa.s the lake bed, the gravel and sand of its beaches; aml 
corresponding deposits of stratified clay, derived from the same erosion 
of the till, sank in the deeper part of the lake. But these sediments 
were evidently of small amount and are not noticeable upon the greater 
part of this lacustrine area, which consists of a smoothed shaet of till. 
The position of the thick beds of stratified :fine silt and clay in the cen­
tral depression of the Red River Valley shows that they were not de­
posited by the waters of I.1ake Agassiz, which must have spread them 
more generally over its entire area; but, instead, proves that they were 
brought by the rivers which flowed into this hollow and along it north­
ward after the glacial Lake Agassiz had been reduced to its present rep­
resentative, Lake Winnipeg. The occurrence of shells and remains of 
vegetation in these stratified beds at McOauleyville 32 and 45 feet below 
the surface, or about 7 and 20 feet below the level of the Red River, and 
numerous other observations of remains of vegetation elsewhere along 
the Red River Valley in these beds, demonstrate that the valley was a 
land surface, subject to overflow by the river at its stages of flood, when 
these remains were deposited. Even at the present time much of the 
area of stratified clay is covered by the highest floods, and probably no 
portion of these stratified deposits is more than 10 feet above the high 
water line of the Red River and its tributaries. 

THE OUTLET OF LAKE AGASSIZ. 

The excavation of the remarkable valley occupied by Lakes Traverse 
aud Big Stone and the Minnesota River was first explained in ISGS lJy 
General G. K. Warren, who attributed it to the outflow from this ancient 
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lake that filled the basin of t.he Red River and Lake Winnipeg. He made 
a careful survey of this valley from Lake Traverse to its mouth, aud his 
maps and descriptions, with the accompanying discussion of geologic 
questions, are most valuable contributions to science.1 After his death, 
in recognition of this work, the glacial river that was the outlet of Lake 
Agassiz was named River Warren.2 

The heights of Lakes Traverse and Big St<;me are, respectively, 970 and 
962 feet above the sea, and the lowest point of the divide between them 
is only 3 foet above Lake Traverse. These lakes are from 1 to 1~ miles 
wide, mainly occupying the entire width of this troughlike valley, which 
is inclosed by bluffs of till about 125 feet high. Lake Traverse is 15 
miles long; it is mostly less than 10 feet deep and its greatest depth 
probably does not reach 20 feet. Big Stone Lake extends in a some­
what crooked course from northwest to southeast 26 miles; its greatest 
dept.h is reported to be from 15 to 30 feet. The portion of the channel 
between these lakes is widely known as Brown's Valley. As we stand 
upon the bluffs here, looking down on these long and narrow lakes and 
the valley which extends across the 5 miles between them, where the 
basins of Hudson Bay and the Gulf of Mexico are now divided, we have 
nearly the picture that was presented when the melting ice sheet of 
British America was pouring its floods along this hollow. Then the 
entire extent of the valley was doubtless filled every summer by a river 
which covered all the present areas of flood plain, in many places occu­
pying as great width as these lakes. General Warren observed that 
Lake Traverse is due to a partial silting up of the channel since the 
outflow from the Red River basin ceased, the Minnesota River at the 
south having brought in sufficient alluvium to form a dam, while Big 
Stone Lake and Lac qui Parle are similarly due to the deposits of strati­
fied sand and silt which the Whetstone and Lac qui Parle Rivers have 
spread across the valley below them. 

THE NORTHERN BARRIER. 

The northern barrier by which the water of Lake Agassiz was re­
strained from flowing in the direction of the present drainage to Hudson 
Bay was supposed by General Warren to have been an elevation of 
the land much above its present height northeast of Lake Winnipeg. 

1 ''On certain physical features of the Upper Mississippi River," American Naturalist., 
Vol. II, pp. 497-502, November, 1868. Annual Report of the Chief ofEngineers, United 
State:; Anny, for 1868, pp. 307-314. "An essay concerning important physical features 
exhibited in the valley of the Minnesota River, and upon their signification," '"ith 
maps, Report of Chief of Engineers, 1875. "Valley of the Minnesota RiYer and of the 
Mississippi River to the junction of the Ohio. Its origin considered-depth of the 
bed-rock," with mapa, Report of Chief of Engineers, 1878, and American Journal of 
Science, (3) XVI, 1lP· 417-431, December, 1878. (General Warren died August 8, 1882.) 

2 Proceedings of the American Association for the Advancement of Science, Vol. 
XXXII (for 1883), pp. 213 to 231; also in American Journal of Sci<'nce, (3) XXVII, 
January auu February, 1884; anu Geology of Minnesota, Vol. I, p. 622. 
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He thought that this elevation was shared by other northern portions 
of North America and that these regions have recently been depressed 
at least several hundred feet. The depths of tlle great lakes and many 
topographic features of the interior of the continent, besides this chan­
nel of Lakes Traverse and Big Stone and the Minnesota River, appeared 
to him to support this opinion. On the contrary, my belief is that the 
surface of the continent had nearly the same form then as now and that 
the continental ice sheet, re'sting on the land in a solid mass of great 
depth, formed the northern shore of Lake Agassiz and was the barrier 
that prevented it from flowing into Hudson Bay.1 

The four series of beach deposits which mark the shores of Lake 
Agassiz at as many stages of its height are found to have a gradual 
ascent northward, as compared with tlle present level line or the sur­
face which a body of water would have now if confined in this valley. 
As before stated, these beaches were formed at epochs when the lake 
level was nearly stationary for a ~onsiderable time during the excava­
vation of its channel of outlet at Lake Traverse and southward. 

Exploration aud leveling along the upper beachinl\1innesota extended 
from the north end of Lake Traverse about 25 miles eastward to Her­
man, and thence about 140 miles north to Maple Lake. Through this 
distance it lies from 15 to 30 miles east of the Red River. The ascent 
of this beach north ward is at a rate " that increases from 6 inches to 1 
foot a mile in its southern portion for about 75 miles. Farther north 
its rate of ascent increases from 1 foot to 16 inches a mile. In all, the 
surface of Lake Agassiz in Minnesota at this time of its greatest height 
ascended northward, above a line now level, 125 feet in these 140 miles, 
from 1,045 feet, very nearly, above sea at Lake Traverse, to 1,170 feet, 
very nearly, at the north side of Maple Lake, 20 miles east-southeast 
from Crookston. Through this distance the upper beach clearly marks 
one continuous shore line. 

Before Lake Agassiz had fallen below the line of this beach in the 
south half of its explored extent, it had formed a slightly lower parallel 
beach, three-fourths of a mile to 1 ~miles distant, through the northern 
third of Clay County; and this secondary beach, sometimes double or 
treble, was noted at several places along the next 30 miles north war(l. 
At the northwest side of Maple Lake defiuite beach ridges were formed 
when Lake Agassiz had fallen in that latitude successively about 8, 15, 
30, aud 45 feet from its highest leyel. Yet all these beaches were accu­
mulated while the lake remained with only very slight depression of 

1 That this lake existed because of r,be barrier of the recouing ice sheet was pointou 
out by Prof. N.H. Winchell in his First Annual Report of the Geological and Natural 
History Survey of Minnesota, for 1872, p. 63, and in his Sixth Ann nal Report, for 1877, 
p. :n. He also explained in like manner the formerly higher levels of the great lakes, 
Popular Science Monthly, Jnne, 1873; anu the same view is stated by Prof. J. S. New­
berry in Report of the Geological Survey of Ohio, Vol. II, 18741 pp. 6, 81 and 51. 
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level, uot sufficient for the formation of any secondary beach ridge, along 
its southern part for some 75 miles northward from Lake Traverse and 
Hernian. -

The Norcross beach in Minnesota bas been explored aml its height 
measured through the same distance of 140 miles, in which it ascends 
north ward about 62 feet by a slqpe that increases slig.htly from south to 
north, averaging nearly 6 iuches a mil.e . . Tlte surface of Lake Agas­
siz had fallen at this time from its highest level 20 feet at Lake Trav­
erse, 50 feet in Northern Ulay Uom1ty, and 83 feet northwest of Maple 
Lake. Its fall in this extent had been thus 63 feet more at the north 
than at the south. Don ble and multiple ridges occur along the northern 
half of this distance and show that the lake level at the time of forma­
tion of theN orcross beach fell 5 to 10 feet northward, while it remained 
without change or with less change than was required to form additional 
beach ridges southward. 

The heights of the C;:tmpbell and McOauleyville beaches in Minnesota 
are known for a distance of 150 miles, in which the northward ascent 
of the lake level during the Campbell stage was about 37 feet and clul'­
ing· the McOauleyville stage 25 feet. Tile fall of I.ake Agassiz fl'om the 
upper or IIermau beacll to the McCauleyville lJeach was 85 feet at its 
mouth and 185 feet near Maple Lake; and, instead of the northward 
ascent of the upper beach 123 feet in 140 miles, this bad been gradually 
diminished to 117, 110, 95, 80, 62, 60, 37, and finally 26 feet at the time 
of the formation of the McOauleyville beach. 

In Dakota the same series of beaches are found and they have been 
traced along the whole or parts of their course, with determination of 
their elevations, to a distance about 75 miles farther north than iu 
Minnesota. In 224 miles from Lake Traverse to the international 
boundary the lake level in Dakota at its highest stage, during the 
time of formation of the first Herman beach, ascended 110rthward about 
185 feet, from 1,0!5 to 1,230 feet above the sea; during the time of 
the first Norcross beach it ascended 120 feet, from 1,025 to 1,145 feet; 
during the time of the Campbell beach it ascended 65 feet, from 975 to 
1,040; and during the time of the first McOauleyville beach it ascended 
35 feet, from !>GO to 995 feet above our present sea level. A later Mc­
Oauleyville beach shows only 25 feet ascent in these 224 miles, or an 
average of 1~- inches a mile. 

Comparison of the elevations of these beaches iu Dakota and Minne­
sota at the same latitude reveals another very interesting feature of the 
levels of this glacial lake, namely, an ascent from west to east similar 
to that from south to north, but of less amount and diminishing in a 
similar ratio between the successive stages of the lake. On the latitude 
of Larimore arud Grand Forks the ascent of the lake st1rface above a 
line now level was approximat.ely 33 feet, at t4e time of the first Her-

Bull. 39-2 
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man beach, in about 70 miles from west to east, the rate per mile being 
very nearly half as much as from south to north; and during the time 
of formation of the later Herman beaches it diminished to 30, 26, and 21 
feet. When the first and second Norcross beaches were formed this 
ascent toward the east was 14 and 11 feet iu about 60 miles, and during 
the Campbell and McOauleyville stages it was reduced to only 6 and 4 
feet iu about 50 miles; yet it contiuues through all these stages ap­
proximately half as much per mile as the ascent toward the north. The 
rate of ascent eastward also increased, like that northward, in proceed­
iug from south to north. At the latituue of Wahpeton aud Brecken­
ri<lge, 35 miles north from the mouth of Lake Agassiz, the ascent of 
the lake level in its highest stage was 10 feet from west to east in 45 
miles; at the latitude of Fargo . and Moorhead, 7 5 miles north from the 
outlet, it was 15 feet in 50 miles; and at the latitude of Grand Forks, 
150 miles north from the outlet, it was 33 feet in 70 miles, approxi­
mately. The accompanying table shows the relations of these beaches 
and the changes which took place in surfaces of level here during the 
existence of this glacial lake. 

If the barrier north and northeast of Lake Agassiz had been la~Hl, 
its subsidence to give way for drainage northward in its present course 
to Hudson Bay would cause the beach deposits of the former lake shores 
to have the opposite slope1 or a descent from south to north and from 
west to east. 'rhese observations are therefore inconsisteut with such 
explanation of the cause of this lake; but they appear to prove that 
its northern barrier was the receding continental glacier. I have thought 
tlJat all the differences of the once level lines of Lake Agassiz from our 
present level line might have been produced by the gravitation of the 
water of the lake toward the ice sheet. At first this attraction would 
have been relati\ely large, because of the nearness of the great mass 
of ice on the northeast in Minnesota and northward in British America; 
but as the ice retreated it must have been gradually diminished andre· 
duced to a comparatively small influence by the time the icc sheet had 
withdrawn so as to permit the northward drainage of the lake. 

Among other agencies that have been proposed to account for such 
changes are (1) effects due to the weighting of the earth's crust by the ice 
and its removal; (2) the cooling and contraction of the crust by the ice 
and glacial waters, and the subsequent warming and expansion owing 
to the amelioration of the climate; and (3) crust changes of unknown 
origin, having no relationship to the glacial phenomena.1 These several 
agencies will receive studious consideration in my final report, when a 
more extended range of observations will come under review. 

1 Prof. T. C. Chamberlin, Geology of 'Visconsin, Vul. I, 1883, p. 290, and Proc. Am. 
Assoc. Adv. Sci., Minneapolis meeting, Vol. XXXII, 1883, page212; also, paper before 
rhilosophical ~ociety, WaHbington, March 13, 1886. 

Mr. G. K. Gilbert, American Juurua.l of Seieu<;e (:3), XXXI, pp. 2!.10-299, April, 1836 
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AREA AND DEPTH OF LAKE AGASSIZ. 

The beaches of Lake Agassiz, as here described in Dakota and from 
JJake Traverse and Herman north to Maple Lake, in Minnesota, extend 
through a prairie region very favorable for exploration and leveling. 
The farther course of the upper beach turns to the east and northeast 
and lies in a trackless forest, much of which consists of almost impass­
able tamarack swamps. It is therefore quite impracticable to trace its 
course exactly through this wilderness; but, from the known elevation 
of Red Lake (about 1,150 feet above the sea), of the Lake of the Woods 
(1,002 feet), and of Rainy Lake (about 1,120 feet), the outline of Lake 
Agassiz when it had its greatest height can be mapped approximately. 

From the north side of Maple Lake this outline extends eastward, 
passing south of Red Lake, across the Big Fork of Rainy River, and 
along the south side of Rainy Lake, its height above Red and Rainy 
Lakes being probably about 50 anll150 feet, respectively. Thus Lake 
Agassiz at this time of greatest height reached along the international 
boundary farther east than the meridians of l\iinneapolis and Su,int 
Paul. Its expanse included only few islands, these being of small area 
and near the shore. 

When this glacial lake attained its greatest extent, it probably ex­
ceeded Lake Superior, both in length and in area. At the time of the 
formation of its highest beach the depth of Lake Agassiz above Fargo 
and Moorhead was nearly 200 feet; above Grand Forks and Crooks­
ton, a little more than300 feet; and above Pembina and Saint Vincent, 
about 450 feet. 

In the following tabulations the figures represent the height, in feet, 
above sea level, where not otherwise stated. 

'fbe letters a, b, c, d, represent successive beaches along the northern 
part of Lake Agassiz, which seem to be merged in a single beach to­
ward its south end. 

The columns marked north ascent show the ascent of the lake from 
its south end, which was at Lake Traverse, and those marked east 
ascent show the ascent of the lake from its western to its eastern shore. 

The successive elevations of the mouth of Lake Agassiz, situated at 
its south eud (Lake Traverse), were, for the Herman beach, 1,045 feet; 
for the Norcross beach, 1,025 feet; for the Campbell beach, 975 feet; 
and for the McOauleyville beach, 960 feet. 
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Elevations of the crests of the beaches of Lake Agassiz. 

{The figures in parenthesis are derived for the bouf..dary line from the nea;rest observations, chiefly near Walhalla, for which the figures without the parenthesis stand; simi" 
larly, the figures in parenthesis for the latitude of Grand Forks are derived from' observations near Maple Lake, 15 miles south, for which the figures without parenthesis 
stand.] · 

Location. 

(1) On the international boundary line in 
Dakota, 224 miles north of Lake Trav­
erse. (Only the west or Dakota shore 
could be examined at the boundary.) 

(2) On the latitude of Grand Forks, 150 

miles north of Lake Tra>erse, west 
side, in Dakota. 

Herman beach. 

(a) 1, 226 (1, 235) 

East 
ascent. 

(b) 1, 212 (1, 220) .••••••. 

(c) 1, 197 (1, 202) .. -... --~ 

(d) 1, 182 (1, 187) ......... 
(a) 1,162 ........... .. 
(b) 1, 146 .............. 
(c) 1, 134 .............. 
(d) 1, 121 . ............ 

North 
ascent. 

(185) 

(166) 

(149) 

(135) 

Norcross beach. 

East 
ascent. 

(a) 1,140 nea< ~ --------
Young (1, 155). 

(b) 1, 141 (1, 143) ...... :. 

North 
ascent. 

(120) 

(108) 

107 (a) 1, 092 \ . ••.••• ·I 57 

:~ (b) 1, 080 ! . . .. . . . . 47 

69 

Campbell beach. McCauleyville beach. 

I East I North I I East I North ascent. asce11t. a6cent. asceni. 
1, 050 • • • • • • • . 65 (a) 1, 004 (1, 006) . • • .. • • . (35) 

I I <b> 992 (994) 1 ........ 1 (25) 

1,014 ........ . 31 (a)991 1 ........ , 21 

§; (2) On the latitude of Grand Forks, 150 6 (a) 1, 180 (1, 195) (33) 125 (140) (a) 1, 094_ (1, 103) (14) I 62 (71) 

110 (123) I (b) 1, 082 (1, 090) I (11) 150 (58) I 
1, 022 1 

:~) .:, -,------.-1------25 

(b) 989 1.. ...... 1 18 

37 

~.,..- miles north of Lake Traverse, east side, 
in Minnesota. 

(3) On the latitude of Far{!;o and Moor­
h ead, 75 miles north of Lake Traverse, 

west side, in Dakota. l 
(3) On the latitude of Fargo and Moor­

h ead, 75 miles north of Lake Traverse, 
east side, in Minnesota. 

(4) On the latitude of Wahpeton and 
Breckenridge, 35 miles north of Lake 
Traverse, west side, in Dakota. 

(4) On the latitude of Wahpeton and 
Breckenridge, 35 miles north of Lake 
Traverse, east side, in Minnesota. 

(b) 1, 165 (1, 178) (30) 

(c) 1, 147 (1, 158) (26) 

(d) 1, 132 (1, 141) (21) 

1, 099 •••••••• 

1,114 I 15 

1, 065 , ...... .. 

1, 075 10 

95 (106) 

80 (90) 

45 1 .................. 1 ........ 1 ....... . 997 , •••••••. 15 

60 1, 065 , .••. - ••. 30 I 1, 002 18 983 ....... .. 13 

10 •.••••••••••••••••• , .•••.••. •.••••••. , .... ····•·········-······· 972 , ....... . 4 

20 1, 045 ,_ ..... .. 10 992 •·••• .••. 7 •.••••••••••• ·······-······· •·· -·· ... 
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THE UPPER OR HERMAN BEACH IN MINNESOTA.1 

[See the accompanying map, Plate I.] 

FROM LAKE TRAVERSE EAST TO HERMAN. 

Lake Traverse, elevation 970 feet above the sea. 
Bluffs next to Lake Traverse south from the Mustinka River, eleva­

tion 1,072 to 1,075 feet above the sea. 
Bluff's opposite to these and for 3 or 4 miles north ward, on the west 

side of Lake Traverse, 1,090 to 1,070 feet. 
Bluff or ridge forming the highest land between the Mustinka River 

and the Bois des Sioux River, from Sec. 35 to Sec. 13, T. 128, R. 47 
(the west part of Monsen), an island beach ridge of Lake Agassiz 
during its maximum stage, about 1,050 feet. 

Upper or Herman beach in Sees. 2 and 11, T. 12G, R. 47 (Walls), 1,060 
to 1,062 feet, 4 to 5 miles east from the north end of Lake Traverse, 
where the steep eroded bluff gives place to 
the gentle slope of the natural surface, allow­
ing the accumulation of a distinct beach ridge 
of gravel. This is smoothly rounded, 15 to 
20 rods in width, bounded eastward on the 
side toward the ancient lake by a moder­
ately steep slope which descenqs 10 or 12 
feet, the land 1 to 4 miles distant northeast­
ward within the area that was covered by 
the lake being 20 to 40 feet below this beach. 

B 5 

7 

lS 17 16 

19 .20 21 

30 29 28 

31 32 33 

3 

10 11 12. 

15' 14 IS 

22. 23 24-

34 35 3C 

On the other side this ridge is succeeded by Fw. 2. Map of a township, show-
ing its division in sections. 

a slight depression 2 to 5 feet deep, beyond 
which the land soon rises 10 to 15 feet above the beach. The material 
of the beach is gravel, containing pebbles up to 2 or 3 inches in diam­
eter, but all the surface elsewhere on each side is till. 

Beach in Sees. 30 and 32, T. 126, R. 46 (Croke), passing southeast-
ward near the southeast corner of Sec. 30, 1,066 to 1,067 feet. • 

Beach near the middle of Sec. 9, T .. 125, R. 46 (Tarrah ), 1,057 feet. 
Its contour and material and those of the adjoining areas are nearly 
the same as at the locality already described. The width of the gravel 
beach here is 25 or 30 rods; the smoothed surface of till which descends 
thence north ward is 10 to 20 feet lower in its first mile ; on the south 
the sheet of till is at first for 40 or 50 rods about 5 feet lower than the 
top of the beach, but beyond this it gradually rises to a height 10 to 25 
and 50 feet above the beach. The average height of its moderately un­
dulating surface, 6 miles to the south at Graceville, is nearly represented 
by the railroad at the depot there, 1,107 feet. 

1 The townships herein referred to are numbered north from the base line, and the 
ranges are numbered west from the fifth principal meridian. The method of num­
bering the sections is shown by Fig. 2, above. 
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Beach at Dennis W. O'Brien's house, in the SW. l of Sec. 11, T. 125, 
R. 46, 1,061 to 1,0622- feet. Northward from O'Brien's, as far as the 
view reaches, across T. 126, R. 46 (Croke), and T. 126, R. 45 (Doleys­
mount), Lake Agassiz was very shallow, the smooth and nearly level 
surface of till being 1,045 to 1,035 feet above the sea. 

For the next 3 miles eastward the beach is less conspicuous than 
usual. In the northwest part of Sec. 8, theSE.! of Sec. 5, and through 
the middle of Sec. 4, T. 125, R. 45 (Leonardsville), this shore line is 
again distinctly marked by a slight terrace in the till, descending north­
ward in a moderately steep slope 5 to 10 feet, rather than by the usual 
accumulation of gravel. The top of this terrace is at 1,056 to 1,057 feet. 
The house of Patrick Leonard is built upon the edge of this terrace at 
the middle of the east side of section 4. 

Beach, low gravel ridge 20 rods wide, 5 feet high above adjacent level, 
in the southeast part of Sec. 24, T. 126, R. 45 (Doleysmount), 1,060 to 
1,061 feet. 

These determinations indicate that in Traverse County the surface of 
Lake Agassiz, during its maximum stage, was very nearly 1,045 to 
1105.5 feet above our present sea level. 

In the north west corner of Stevens County this upper or Herman 
beach is well displayed in the NW. i of Sec. 19, T.126, R. 44 (Eldorado), 
having an elevation of about 1,063 feet. Through Sec. 18 it is 20 to 25 
rods wide, with its crest at 1,063 to +,066 feet, being a gently rounded 
ridge of sand and gravel, containing pebbles up to 2 or 3 inches in di­
ameter. Its height is 7 to 10 feet above the land next west and 5 feet 
above the depression next east. The surface on each side is till, slowly 
falling westward and rising eastward. 

In the southeast part of Sec. 7, same township, the crest of the beach 
is at 1,067 to 1,070 feet. Here and on ward the next two miles, through 
the NW.-! of Sec. 8, the southeast part of Sec. 5, and the western and 
northern part of Sec. 4, this formation is finely exhibited in a ridge 
of gravel and sand 20 to 30 rods wide, 15 feet or more above its base 
w~tward, where lay the glacial Lake Agassiz, and 8 to 10 feet above 
the depression eastward, which divides it from the higher, moderately 
undulating expanse of till beyond. In the east part of Sec. 5 its eleva­
tion is 1,065 feet, and through Sec. 4, 1,065 to 1,072 feet. 

Sill of Ezra S. Dunning's house, Sec. 3, T. 126, R. 44 (Eldorado), 1,07 4 
feet. 

Water in the South Branch of Mustinka River, 5 feet deep, in the NW. 
! of Sec. 34, T. 127, R. 44 (Logan, Grant County), 1,053 feet. 

Upper or Herman beach, in the northwest part of Sec. 27, same town­
ship, 1,067 to 1,069 feet; in the SW.! of Sec. 22, 1,067; in the north part 
of this Sec. ~2 and the south part of Sec. 15, formiug a broad, smoothly 
rounded gravel ridge, 1,068 to 1,071 feet. 

This beach near the middle of Sec. 15, a third of a mile southwest 
from Dr. C. 0. Paquin's, about 30 rods wide, with a broad, nearly flat 
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top, 1,070 feet, having a descent of about 15 feet on its northwest side 
to the are<:l of Lake Agassiz and half as much on the southeast, the sur­
face thence rising very gradually in the 1 -~ miles eastward to Herman. 
The beach ridge is gravel; the land at each side, till. 

Beach, equally well exhibited, close to Dr. Paquin's house, at the 
southeast corner of Sec. 10 and in the south west part of Sec. 11, same 
township, 1,069 to 1,071 feet; and in this Sec. 11, at the railroad, and 
for 50 rods southwestward, 1,064 to 1,066 feet. 

Depression, 40 rods wide, next southeast at the railroad (lowest 20 
rods from the top of the beach), 1,060 to 1,063 feet. 

Surfaee of till at the southeastern snow fences of the railroad, about a 
third of a mile southeast from the beach, 1,073 feet; at the northwest end 
of the northwestern snow fences, about 25 rods northwest from the high­
est part of the beach, 1,054 feet; and at the one hundred and eightieth 
mile post, about a quarter of a. mile northwest from tli.e last, 1,049 feet. 

Saint Paul, Minneapolis and :Manitoba H.ailway, Breckenridge divi­
sion, track at Herman, f,070 feet; at the one hundred and eightieth 
mile post, 1,051 feet. 

FROM HERMAN NORTH TO THE RED RIVER. 

Joseph Moses's house, floor of piazza, in the SW. :!- of the NW.-! of 
Sec. 18, T. 128, R. 43 (Delaware), 1,067 feet; upper or Herman beach 
here, on which this house is built, 1,066 to 1,067 feet. 

H. D. Kendall's bouse, at the east side of theSE.-! of Sec.12, T. 128, 
R. 44 (Gorton), on the western slope of this beaGh, 1,062 feet; top of the 
beach ridge, about 25 rods east of Mr. Kendall's house, 1,067 feet. 

Beach through the next 12- miles north from Mr. Moses's house, along 
the west side of Sees. 18 and 7, T. 128, R. 43 (Delaware), 1,066 to 1,068 
feet. The beach for this distance is finely exhibited, having a width of 
about 25 rods, rising 5 to 8 feet above the depression at its east side 
and 10 to 15 feet above the land west. 

L. I. Baker's house sill, in the SW. :!of Sec. 6, same township, of same 
height with the top of the beach ridge, on which it is built, 1,068 feet. 

Beach in Sec. 31, T. 129, R. 43 (Elbow Lake), not so conspicuous as 
usual, 1,()66 feet; iu (or near) the SW.-! of Sec. 19, same township, 
1,070 feet; in the S W. :!- of Sec. 18, at the house of Henry Olson, a 
gracefully rounded low ridge, as elsewhere, composed of gravel and 
sand, including pebbles up to 3 incheR in diameter, 1,065 to 1,066 
feet; at Mrs. John S. Ireland's, in the NW. :!- of same Sec. 18, 1,070 
feet; at Dr. J. M. TLlcker's, in the NE.-! of the NE. i of Sec. 2, T. 129, 
R. 44 (North Ottawa), 1,071 feet; about 1 mile north of the last, near the 
north side of Sec. 35, T. 130, H. 44 (Lawrence), 1,075 feet; and about 
1 mile farther north, also 1,075 feet. Through nearly the whole of 
this distance it is a typical beach ridge of sand anu gravel. 

Beach about 30 rods west of l\1.. L. Adams's house, in the NE. :!- of 
Sec. 26, T. 130, R. 4.4 (Lawrence), 1,075 feet, being 4 feet above the 
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land adjoining this ridge on the east and about 10 feet above the fla,t 
land near on the west; in Sec. 23, same township, 1,076 feet ; and near 
the south side of Sec. 10, same township, 1,060 to 1,074 feet. 

Extensive sloughs or mar~hes occur in Sec. 36 awl in Sees. 25 and 24, 
same township, each being about a mile long, lying on the east side of 
the beach ridge at Dr. Tucker's and reaching 2~- miles north ward; the 

· elevation of these above sea level is about 1,0GO feet. 
In the north part of Sec. 10 and the south part of Sec. 3, same 

township, this shore line of Lake Agassiz is not marked as usual by a 
gravel ridge, but by a somewhat abrupt ascent or terrace in the tlrift 
sheet of till, the elevation of the top of which, composed partly of 
gravel, is 17085 to 1,079 feet; base of this terrace and laud westward, 
consisting of till, slightly modified on the area of Lake Agassiz, 1,060 
to 1,050 feet. This escarpment, the eroded shore line of the lake, passes 
about 40 rods west of N. S. Denton's house, at the north side of Sec. 10. 

Beach in Sec. 34, T. 131, H.. 44 (vV estern), the southwest township 
of Otter Tail County, near John F. Wentworth's, 1,070 to 1,075 feet; 
surface at Mr. V\rentworth's barn, 1,072 feet. 

Beach 25 rods east of .Albert Copeland's bouse, in the S W. 1 of Sec. 
28, same to\-vnsltip, 1,070 to 1,066 feet; where it is crossed. by the 
old roau from Fergus Falls to Campbell, near the northwest corner 
of this Sec. 28, 17072 feet; through the uext 2 miles north, finely de­
veloped, with nearly constant height, 1,072 feet, being 7 to 10 feet 
above the depression at its east side and 20 feet above the area west­
ward, which was covered by Lake Agassiz; at Miclmel J. Shortell's, 
Sec. 9, same township, 1,073 feet; one mile farther north, 1,078 feet; 
and at A. J. Swift's, in theSE.:! of the NW. -k of Sec. 4, 1,076 feet. The 
beach at Mr. Swift's, and for half a mile farther north, is well exhibited 
and, as in many other places, is bordered on its cast side by a narrow 
strip of marsh. 

Bea.ch in the SW.! of the NE. i of Sec. 33, T. 132, H. 44, 1,076 feet; 
top of large aboriginal mound, situated on the beach here, 1,082 feet; 
land 30 rods west, 1,060 feet; lakelet 250 feet in diameter, about an 
eighth of a mile northeast from the large mound, 1,0 51 feet. 

Red River of the North, near the northeast corner of Sec. 33, T. 132, 
R. 44, 1,014 feet; on the line between this township and T. 132, R. 43 
(Buse), 1,041 feet; at Dayton bridge, in the NE.! of the SW. i of Sec. 
20, T. 132, R. 43, 1,064 feet, being 8 feet below the bridge. S. A . .Aus­
tin's house, foundation, in the NW.l of the S"\V. 1- of Sec. 29, same town­
ship, 1,147 feet. Uld grade for railroad at Dayton bridge, about 17102 
feet. 

No noticeable delta was brought iuto Lake Agassiz by the Red River. 

FROM THE RED RIVER NORTH TO MUSKODA. 

Beach near the south side of Sec. 21, T. 132, R. 4~t, 17077 feet; in this 
Sec. 21, an eighth of a mile north of the road from Fergus Falls to Breck· 
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enridge, 1,079 feet; and for the next mile north, 1,077 to 1,080feet. This 
is a typical beach ridge, gently rounded, composed of sand and gravel, 
containing pebbles up to 3 inohes in diameter; its width is 30 to 40 
rods, and its height above the very flat area on its west side, which 
was covered by Lake Agassiz (usually somewhat marshy next to the 
beach)~ is about 15 feet. On the east there is first a depression of 4 
to 6 feet, succeeded within a fourth of a mile eastward by a gentle as­
cent, which rises 5 to 10 or 15 feet above tile beach. The material 
on each side of the beach is till, slightly modified by the lake on the 
west. It is all fertile prairie, beautifully green, or in many places 
yellow or purple with flowers during July and August, the months 
in which this survey was made. In August, 1881, no houses llad been 
built on this beach, nor within one mile from it, along its first 11 miles 
north from the Red River, the first house found near the beach being 
in Sec. 26, T. 134, R. 45 (Akron), in Wilkin County. 

Beach at a low portion, probably in the S E. t of Sec. 5, T. 132, R. 
44, 1,075 feet. A lake, nearly a mile long, lies on the flat lowland about 
one and a half miles west from this low part of the beach. The eleva­
tion of this lake was estimated at 1,055 or 1,050 feet; it is only a few 
feet lower than the general surface around it. 

Beach, probably near the north side of this Sec. 5, 1,078 feet. On its 
east side here and for a half mile both to the south and north is a slough, 
partly filled with good grass and partly with rushes; its width is alwut 
a qnarter of a mile and its elevation about 1,070 feet. The land west 
of the beach descends, within 1 or 2 miles~ from 1,060 to 1,050 feet. 

Beach a fourth of a mile north from the point last noted, 1,071 to 
1,072 feet. 'fhis is a typical gravel beach, only 4 feet above the slough 
on the east and bordered on the west by marshy grassland, wllich 
slopes gently down 5 to 15 feet below this beach ridge. 

Beach at its lowest portion for this vicinity, within a third of a mile 
north of the preceding and near the center of Sec. 32, T. 133,_ R. 44 
(Carlisle), 1,070 to 1,068 feet, being only 2 feet above the marsh or 
slough on its east side. A railroad grade, abanrloned, lies a third of a 
mile east of this. Beach a fourth of a mile farther north, 1,077 feet, 
and, about one mile nortll from its lowest portion, 1,075 feet, cut by a 
ravine, the bottom of which is nearly at 1,063 feet. This ravine is some 
30 rods west of the abandoned railroad embankment. Beach a fourth 
of a mile north-northwest from the last, 1,077 feet. 

Railroad grade where it crosses the beach, about a mile northwesterly 
from the ravine mentioned, 1,077 feet. Beach here, 1,076 feet, being 
8 to 10 feet above the slough on its east side and having about the 
the same height aboye the marsh next to it westward. The material of 
the beach, shown by the railroad embankment, which is made of it along 
a distance of a third of a mile, is coarse gravel, with abundant pebbles 
of all sizes up to 6 inches in diameter, fully half of them being lime­
stone. 
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Beach near the west side of Sec. 7, same township, at the west line 
of Otter Tail County, 1,083 feet .. Here it is a smoothly rounded gravel 
ridge about 15 feet above the edge of the flat area that was covered by 
Lake Agassiz on the west and 10 feet above a marsh or slongh that 
lies a few rods distant on its east side. 

Sill of Rudolph Niggeler's house, in the SE. ! of Sec. 26, T. 134, R. 
45 (Akron), 1,076 feet. This is on a portion of the beach extending 
about a third of a mile from south to north; a quarter of a mile to the 
north its elevation is 1,082 feet. In the northeast part of Sec. 35 and 
in the north half of Sec. 26 this beach is interrupted by sloughs, which 
take its place for a quarter of a mile. 

Beach in the south half of Sec. 23, same township, 1,079 to 1,080 
feet; in the NW. ! of this Sec. 23, 1,075 to 1,080 feet. 

Through Sees. 14, 10, and 3, same township, the beach does not have 
its ordinary ridged form, but is mostly marked by a deposit of gravel 
and sand lying upon a slope that rises gradually eastward. Its elevation 
here is 1,075 to 1,085 feet. In the southern part of this distance, prob­
ably in the SW.! of Sec. 14, the margin of the flat, somewhat marshy 
area that appears to have been covered by Lake Agassiz is very defi. 
nitc at 1,075 feet, which thus was probably the height of the lake here. 

Beach in the SW.J of Sec. 34, T. 135, R. 45 (Tauberg), composed of 
gravel, nearly flat, 25 to 30 rods wide, 1,084 to 1,087 feet, bordered by 
a depression of 2 to 5 feet on the east and by an expanse 10 to 15 feet 
lower on the west. 

Beach in the NW. ! of this Sec. 34, 1,084 to 1,087 feet. Here the land 
next east does not present the usual slight hollow dividing the beach 
ridge from the higher land eastward; instead is a springy belt, mostly 
1,089 feet, quite marshy, yet slowly rising 2 to 4 feet above the belt of 
beach gravel. Occasional hummocks~ about 2 feet above the general 
surface and covered with rank grass about 6 feet high, form part of this 
belt of marsh and shaking bog. Next to the east is a slough about 1,086 
feet, or 3 feet below the springy tract; and this is succeeded by a sur. 
face of moderately undulating till, which rises gradually eastward. 

Martin E. Renkliv's house sill, in the SW. i of Sec. 22, same town­
ship, 1,094 feet. Shore line of Lake Agassiz, an eighth of a mile west 
of Mr. Renkliv's, on the border of a marshy flat area, not marked by any 
distinct gravel ridge, about 1,075 feet. 

Sloughs, mostly filled with rushes and having areas of water all the 
year, occupy a width of 1 to 2 miles next west of the shore line and 
beach of Lake Agassiz and extend nearly continuously 10 miles from 
south to north from the middle ofT. 134, R. 45 (Akron), to the sonth 
edge ofT.136, H. 45 (Prairie View). The elevation of this belt of sloughs 
is 1,080 to 1,050 feet, being considerably lower on its west than on its 
east border. The highest land westward in the west edge ofT. i35, R. 
45 (Tauberg), between these marshes and Mauston, is about 1,060 feet. 
Along most of this distance the ordinary beach ridge is wanting. 
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Saint Paul, Minneapolis and Manitoba Railway, Fergus Falls divis· 
ion, track at Lawndale water tank, in or near the southeast corner of 
Sec. 33, T.136, R. 45 (Prairie View), 6 miles north west from Rothsay and 
8 miles southeast from Barnesville, 1,088 feet. Here a sidetrack has 
been laid, extending about a third of a mile northward, with its northern 

'"end some 50 rods east of the main line, to take ballast from the beach, 
which is well exhibited here and onward, having its typical ridged form. 
The elevation of Hs crest is 1,091 to 1,094 feet. It is composed of gravel 
and sand in about equal amounts, interstratified mainly in level layers, 
but with these often obliquely laminated. Most of the gravel is quite 
fine, and the coarsest gravel found here has pebbles only 2 to 3 inches 
in diameter. .About half of it is-limestone. 

Beach ridge, 1 mile farther north, 1,094 feet; three-fourths of a mile 
north of the last and close south of a ravine, 1,099 feet. 

Beach about 3 miles north from La~ndale water tank, probably in the 
south part of Sec. 16, T. 136, R. 45 (Prairie View), not ridged, but a 
belt 25 rods wide, of gravel and sand, on a slope of till that rises east­
ward, 1,080 to 1,102 feet. Beach, a ridge of gravel and sand, a third 
of a mile north from the last, 1,105 feet. The beach in Sec. 9 of this 
township is spread more broadly than usual, its higher parts being 
1,095 to 1,107 feet. Here the beach deposits are crossed obliquely by 
several broad depressions 10 to 15 feet deep, running south-southwest. 
The depression east of all these banks of gravel and sand is about 1,090 
feet above the sea. 

Beach, a well marked ridge of gravel of the usual character, in the 
S W.! of Sec. 4, same town~hip, 1,096 to 1,098 feet, and at John Hart's 
house, in the NW. i of this Sec. 4, 1,103 feet. 

Entering Clay Uounty, the elevation of this upper or Herman beach 
a·t the east side of Sec. 33, T. 137, R. 45 (Humboldt), is 1,100 feet above 
the sea. The land thence for two-thirds of a mile east is low and smooth, 
not higher than the beach. Beyond this the next third of a mile north­
eastward, in the north part of Sec. 34, is very rocky, with many bowl­
ders up to 6 and rarely 10 feet in diameter, the contour being moderately 
rolling 10 to 30 or 40 feet above the beach. Farther eastward here and 
through the next 15 miles north to the Northern Pacific Railroad, the 
moderately rolling or smoothly hilly till rises 100 to 250 feet above this 
beach within the distance of about 10 miles between it and the east line 
of the county. 

Elevation of the beach ridge in the east half of Sec. 28, T. 137, R. 45 
(Humboldt), one-fourth to thr~e-fourths of a mile south of Willow 
River, 1,098 to 1,100 feet. In the 3 miles westward to Barnesville the 
area that was covered by Lake Agassiz shows here and there bow1ders 
projecting 1 to 2 feet above the surface, which is till, slightly smoothed 
by the lake. 

Saint Paul, Minneapolis, and Manitoba Railway, track at Barnesville, 
1,007 feet. 
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The beach for three-fourths of a mile north from Willow River con­
sists of a belt of gravel and sand, lying on an eastwardly ascending 
slope of till. Through the next 1~ miles north ward, in the NW.! of 
Sec. 22 and in Sec. 15, T. 137, H,. 45 (Humboldt), the shore of Lake 
Agassiz is not marked by the usm~l beach of gravel and sand, but in­
stead becomes a belt of marshy and springy land 20 to 50 rods wide, 
rising by a gentle slope eastward, rough with many hummocks and 
hollows, in some portions forming a quaking bog, in which horses and 
oxen attempting to cross are mired. 

In the next 2 miles northward, through Sees. 10 and 3, same town­
ship, the beach is nowhere well marked as a ridge, but is mainly a belt 
of gravel and sand, lying on a slope of till, which gradually rises 30 or 
40 feet higher at the east. The lack of typical beach deposits on this 
shore through the north half of this township is probably due to its 
sheltered situation in the lee of islands on the northwest. The courRe 
of the shore currents, determined by the prevailing winds, seems to have 
been south ward, as on the shores of Lake Michigan. 

Highest part of southern island in the east edge of Lake Agassiz, in 
the NE.! of Sec. 5, T. 137, R. 45 (Humboldt), extending northward 
into T. 138, R. 45 (Skr~e), 1,117 to 1,122 feet. This island was about a 
mile long from south to north. Beach on its west side, a well developed 
ridge of gravel, near the middle of the north line of Sec. 5, 1,095 feet; 
and for a third of a mile north-north west from this, 1,094 to 1,096 feet. On 
the east side of the beach, as it continues northward, is a Rlough two­
thirds of a mile long from south to north and about 30 rods wide, 1,085 
feet. This was evidently filled by a lagoon, sheltered on the southeast 
by the island and separated from the main lake by the beach. To­
ward the northeast it widened into a shallow expanse of water, 8 to 15 
feet deep, about 1~ miles wide, divided from the broad lake on the west 
by two islands and this beach, or bar, which connected them. Lake 
Agassiz here appears to have stood at the height of 1,090 to 1,095 feet. 

Beach or bar in the north part of Sec. 32, T. 138, R. 45 (Skree), a 
broad rounded ridge of gravel, with pebbles up to 3 or 4 inches in diam­
eter, 1,103 feet, and through the next half mile, in the south half of 
Sec. 29, 1,102 to 1,104 feet. Along part of this distance the beach 
ridge is bounded eastward by a steeper descent than usual, the land 
next east being 1,085 to 1,090 feet above the sea. This beach or bar 
continues northward in a typical ridge through Sees. 29 and 20, same 
township. 

Beach or bar at L. Williams's house, in the SW. ! of the SE. 1 of 
Sec. 20, same township, 1,101 feet; a quarter of a mile farther north, 
1,106 feet; three-quarters of a mile north of Mr. Williams's, near the mid­
dle of the north line of Sec. 20, 1,110 feet, continuing a very definite 
ridge through the south half of Sec. 17, 1,109 to 1,110 feet. 

Near the middle of this Sec.17 the beach deposit of gravel and sand 
ceases at the west side of the northern island, which was situated in 
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the east half of this section and extended also eastward in a long, low 
projection nearly across the south side of Sec. 1G, and northward half 
way across Sec. 8. Highest part of this island, in or near the NE. :! of 
the N,V, -!of Sec. 17, about 1,125 feet. The old shore of the north half 
of this island bas no beach ridge nor other deposits of gravel and sand, 
but is plentifully strewn with large bowlders up to 5 and 10 feet in di­
ameter, and many of these project 2 to 5 feet above the general surface. 
The lcyke waves eroded here and deposited the sand and gravel gath­
ered from this till as a beach a little farther south. 

North and northeast from this northern island a lower expanse, 
nearly level and in some portions marshy, resembling the broad flat 
valley of the Red River, extends 1~ miles to the east shore of Lake 
Agassiz, its height being 1,075 to 1,090 feet, or 10 to 25 feet below the 
surface of the ancient lake. The distance between these islands was 2 
miles, and the distance from the summit of the first to that of the sec­
ond, nearly due north, 4 miles. Each of them rose about 25 feet above 
Lake Agassiz. The strait between them and the mainland eastward 
was 10 to 20 feet deep and from 1 to 1~ miles wide, excepting a narrow 
place near the southeast corner of Sec. 16. East of the northern island 
the main shore of the lake was indented by a bay a third to a half of 
a mile wide and about 10 feet deep, stretching 2~ miles southeastward 
from the lake at the north west corner of Sec. 10 to the west part of 
Sec. 23, same township. The shore of the lake east of its islands along 
this bay and north westerly to the north line of this township J,ack~ 

the beach deposits which elsewhere distinguish it. 
In its continuation northwestward the shore line of the old lake run~ 

diagonally across Sec. 32, T.139, R. 45 (Hawley), where it again presents 
the anomalous character ·of a very springy and marshy belt, 20 to 40 
rods wide, rough with lmmmocks and in many places so deeply miry 
that it is dangerous for teams. . This boggy tract has a gent1e descent 
westward, its lower portion being about 1,085 feet, and its upper border, 
very nearly level across this entire section, being 1,098 to 1,100 feet, 
which was almost exactly the height of Lake Agassiz, as shown by its 
distinct beach of gravel and sand at the south and north. Next east­
ward rises a moderately undulating slope of till, strewn with abundant 
bowlders; and rarely a bowlder, 2 to 5 feet iu diameter, is seen on the 
springy land that marks the border of the ancient lake. 

DELTA OF THE BUFFALO RIVER. 

The delta brought into the east side of Lake Agassiz by the Buffalo 
River extends about 5 miles southwestward from Muskoda, forming a 
continuously descending plain of stratified sand and fine gravel, de-" 
clining from 1,100 feet near :Muskoda to 1,073 feet at its southwestern 
limit in the north part of Sec. 34, T. 139, R. 46 (Riverton). Here and 
northward along a distance of 3 miles to the Buffalo River, this delta 
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plain i~ terminated by a steep slope like the face ot a terrace; the outer 
portion of the original delta, beyond this line, has been carried away 
by the waves and. shore currents of the lake when it stood at the lower 
level marked by the Norcross beach. 

Northern Pacific Railroad, track at :Muskoda, 1,090 feet. Threshold 
of church a quarter of a mfle southeast from Muskoda depot, 1,113 
feet. Beach here and for a third o.f a mile south to the Buffalo River, 
as also at the excavation for the railroad, 25 rods north of the church, 
1,113 to 1,114 feet The beach here is 35 rods wide, rising 14 or 15 feet 
in a gentle swell above the edge of the delta of modified drift on the 
west and descending the same amount to the depression at its east 
side. It is made up of interstratified gravel and sand, the former pre­
vailing, including pebbles up to 3 or 4 inches and rarely 6 or even 9 
inches in diameter, all water-worn. Half or two-thirds of these peb­
bles are limestone . . No bowlders occur here, nor are they found in any 
of the beach deposits of Lake Agassiz. 

J:i,ROM MUSKODA NORTII TO 1'HE WILD RICE RIVER. 

Beach in the next 2 miles north of 1\'Iuskorla, mainly 1,113 to 1,125 
feet; at its lowest depression, about 1 mile north of Muskoda, 1,105 
feet; at William Perkins's house, in the SE. i of the SE. i of Sec. 30, 
T. 140, R. 45 (Cromwell), 1,122 feet; an eighth to a third of a mile 
south-southeast from lVIr. Perkins's, 1,130 feet. A nearly or quite con­
tinuous depression, from a fifth to a third of a mile wide, lies at the 
east side of this beach, declining in elevation from 1,118 feet, near Mr. 
Perkins's house, to 1,100 feet at Muskoda. This distance is about 3 miles. 

The surface of L~tke Agassiz in its maximum stage was at Muskoda 
1,105 feet Yery approximately above our present sea level. Within 5 
to 10 miles north ward, its height seems to have been 1,110 to 1,115 feet. 

Beach through the north half of Sec. 30, T. 140, R. 45, 1,128 to 
1,131 feet, anu through the west part of Sees. 19 and 18, same town­
ship, 1,125 to 1,130 feet, composed of sand and fine gravel, not generally 
in a typical ridge, but often with a depression 2 to 5 feet lower eastward 
and bounded on the west by a descent of about 30 feet within an eighth 
of a mile. A surface of slightly undulating till rises very gradually 
from this beach eastward. 

In T. 139, R. 46 (Riverton), and in Sees. 35 and 26, T. 140, R. 46, 
the eroded western border of the delta of Bnfl'alo River marks the shore 
of Lake Agassiz at the time of the Norcross beach~ 

In the west part of Sec. 24, T. 140, R. 46, and for 4 miles north­
ward, the Norcross beach lies only 1 mile to a half mile west of the 
upper beach and is about 50 feet lower. The terracelike area between 
these beaches is strewn with occasional bowlders up to 6, 8, or 10 feet 
in diameter and rarely of larger size, m.;ch more abundant than upon 
the average surface of the till in this region, indicating that the surface 
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there has been considerably eroded by the waves of the lake. The 
largest bowlder seen in Clay County lies about 50 rods west of the up­
per beach, in or near Sec. 12, T. 140, R. 46. Its dimensions are 15 by 
12 by 5 feet and its top is 1,095 feet above the sea. It is gneiss, mi­
nutely porphyritic, with white feldspar crystals up to an eighth or a 
quarter of an inch long. 

The elevation of the foot ot the western slope of the upper or Her. 
man beach along the north part of the east line ofT. 140, R. 46, is 1,095 
to 1,100 feet. Crest of the Norcross beach in Sec. 12, T. 140, R. 46, G 
miles north of Mnsko(la, 1,080 feet, and along the distance of 3 miles 
through Sees. 13, 12, and 1, it varies from 1,075 to 1,085 feet. In Sec. 
31, T. 141, R. 45 (Keon), its height is 1,085 feet. Like the Herman 
beach, it is a low, smoothly rounded ridge of gravel and sand, usually 
having a depression of 3 to 5 feet or more at its east side. 

Upper or Herman beach at a high portion in or near theSE.-! of Sec. 
1, T. 140, R. 46, 1,136 feet. For a mile next south from this point, it is a 
finely rounded ridge of gravel rising northward from 1,130 to 1,136 feet. 
The depres~ion at its east side is 4 to 6 feet lower; then the surface gently 
rises at a quarter to a third of a mile from the beach to 1,135 or 1,140 
feet, beyond which eastwarJ this nearly level but slightly undulating 
expanse of till rises only 5 or 10 feet a mile. 

Beach a fourth of a mile north-northeast from the high point men­
tioned, probably in the NW. i of Sec. 6, T. 140, R. 45 (Cromwell), 1,128 
to 1,127 feet. This is an ordinary beach ridge of gravel and sand, with 
a depression of 2 or 3 feet next east. 

Near the south line of Sec. 29, T. 141, R. 45 (Keon), both the Herman 
and Norcross beaches, here about two-thirds of a mile apart, are inter­
sected by a watercourse. At its north side the upper or Herman beach, 
near the east line of Sec. 29 and in the NW. ! of Sec 28, consists of two 
well marked ridges of gravel and sand, some 30 rods apart and about 
10 feet above the land eastward and between them. These ridges unite 
in or near the SW. ! of the SW. -! of Sec. 21, at the height of 1,130 to 
1,132 feet. 

Beach three-fourths of a mile farther north, probably near the north 
line of Sec. 21, a typical gravel ridge, 1,134: feet, 10 feet above the land 
next east; but a sixth of a mile farther northeast this beach ridge is 
depressed to 1,123 feet. 

A lower beach, contemporaneou~ with the Herman beachfarthersoutb, 
but formed when the surface of the lake in this latitude bad fallen slightly 
from its highest level, is finely exhibited, at a distance of one-third to 
two-thirds of a mile west from the upper beach, through the 4 miles 
from the south side of Sec. 20 to the northeast corner of Sec. 4, same 
township. The elevation of this secondary beach in the south part of 
Sec. 20 is 1,115 feet; thence to a stream near the east line of the SE. i 
of Sec. 17, 1,118 to 1~123 feet; at each side of this stream, 1,118 feet; 
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northward, in the northwest part of Sec. 1G and in the SW. -1 of Sec. 9, 
1,118 to 1,121 feet; and in the north part of Sec. 9, 1,121 to 1,127 feet. 

The elevation of the upper beach in T. 1L11, R. 45 (Keon), 1,123 to 1,137 
feet, shows that the height of Lake Agassiz here, during its maximum 
stage, was about 1,120 feet. The secondary beach was made by the lake 
after it bad fallen 6 to 10 feet. 

Surface of ground at Christian Sether's house, in the SW.! of Sec.10, 
1,129 feet. Upper beach through the west part of this Sec. 10, 1,130 to 
1,137 feet, increasing in height from south to north. This is a typical 
beach ridge of gravel, with a rather abrupt descent on its east side to 
land 6 or 8 feet Jower, which thence ascends with a slightly undulating 
surface eastward. 

Upper beach in Sec, 3, same township, 1,134 to 1,137 feet, 10 feet above 
the land next east. Secondary beach, parallel with this and about three­
fourths of a mile distant to the northwest, in Sees. 4 and 34, 1,123 to 
1,127 feet, being thus 10 feet lower than the highest parts of the eastern 
beach. Extensive sloughs, inclosing lakelets, lie between these beaches 
in Sees. 34 and 35, T. 142, R. 45 (Hagen), at an elevation of 1,115 to 1,120 
feet, but sinking northward to 1,105 feet. The secondary beach con­
tinues to the northeast corner of Sec. 26, declining in height Dortlteast­
ward as it approaches the South Branch of the "rnu. Hice River, being 
at 1,125 to 1,115 feet. 

Upper beach in Sec. 35 and in the south part of Sec. 25, T. 142, R. 
45, 1,140 to 1,142 feet. This is a typical beach ridge of sand and gravel, 
about 30 rods wide, with the land next southeast 5 to 8 feet lower, and 
divided from the secondary beach north westerly by a slough about 1 
mile wide, this slough being at 1,115 to 1,105 feet. 

Beach at B. 0. Heide's bouse, in the south half of the SW. -1 of Sec. 
30, T. 142, R. 44 (Ulen), 1,138 feet. Tlw flat expanse of the l~ed River 
Valley reaclles cast on tlw South Brancl1 of the Wild Rice River to Sec. 
IG, T. 142, H. 45 (Hagen), probably being there about 975 feet above the 
sea, or 160 feet below this upper beach of Lake Agassiz, 4 or 5 miles 
southeast. 

Beach through Sees. 30 and 29, T. 142, R. 44 (Ulen), extending 12-
miles east-northeast from Mr. Heide's to the South Branch of the Wild 
Rice River, in a. low, gently rounded ridge of grave1, 30 rods wide, 5 to 
8 feet above the area of till next soutbeast and about 15 feet above the 
surface close at its northwest side, 1,138 to 17142, mostly 1,140, feet. 

Beach at Nels Wiger's house, probably in the NW.! of Sec. 28, 1,133 
feet; about 40 rods west from this, 1,140 feet. 

South Brauch of Wild Rice River, in the SW. -!of Sec. 21, same town­
ship, 1 ,0!)3 feet. 

Beach, a typical gravel ridge, in or near the west half of Sec. 16, a 
half mile to 1~ miles Dorth of the South Branch, 1,140 to 1,143 feet; 
surface of till au eightb to a quarter of a mile next east, 1,135 feet. 
Farther east the slightly or moderately undulating expanse of till has 
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au aYerage ascent of about 10 feet a mile for 15 miles to the base of 
the high land at the White Earth Agency, which is dimly visible, blue, 
close to the horizon. Westward the surface gradually descends to the 
Norcross beach, nearly 60 feet lower, which is the farthest land in sight 
in that direction, about 3 ·miles distant, beyond which lies the flat Red 
"River Valley. 

Beach, a well defined ridge, in Sees. 9 and 4, T. 142, R. 44: (Ulen), 1,139 
to 1,144: feet. 

Entering Norman County, an unusually high portion of the beach is 
found in or near the SE. i of the SE.1£ of Sec. 33, T. 143J R. 44: (Home 
Lake), haYing its crest at 1,14:9 feet. It holds this elevation for an extent 
of some 20 rods, on each side of which its height is mostly from 1,139 
to 1,14:5 feet. Its material is coarse gravel, principally limestone, with 
pebbles up to 4 and 6 inches in diameter. Surface close east of this 
beach, 1,137 feet. .A slight swell above the general descending slope 
westward, about 2 miles distant, has a height very nearly 1,125 feet. 
This may be the continuation of the secondary beach. that was seen 
in T. 14:1, R. 45 (Keon). It hides the view farther west, except from 
the highest point of the beach (1,149 feet), where the distant belts of 
timber along the Red and the Wild H,ice Rivers are visible. 

Beach at J. T. Huseby's house, in the SW. i of the NW. ! of Sec. 
26, T. 143, R. 44 (Home Lake), 1,147 feet; through li miles next north, 
in the NW. :i of Sec. 26 and the west part of Sec. 23, forming a broad, 
low ri(lge of gravel and sand, 1,145 to 1,149 feet. 

In or near Sees. J 7 and 16, T. 143, R. 43 (Flom), a prominent mas­
sive bill, called ''Frenchman's Bluff," of somewhat irregular form, com­
posed of morainic till, rises 150 feet or more above this beach. 

Through theW.~ of the NW. t of Sec. 14, T.143, R. 44: (Home Lake), 
the beach is mostly a typical gravel ri<lge, with its crest at 1,14 7 to 
1,152 feet. In the NW. -! of Sec. 11, same township, it curves north­
east\varcl and attains an unusually massive development, its crest be­
ing at 1,150 to 1,158 feet~ rising 15 feet above the land next southeast 
an<l 30 feet above the border of the area of Lake Agassiz at its north­
west side. 

Beach, a well marked gravel ridge near the southwest corner of Sec. 
1, same township, 1,156 feet, and an eighth of a mile east-northeast 
from this, 1,150 feet. 

J. G. Aurdal's house, foundation, in the NW. i of the NE. i of Sec. 6, 
T. 143, R. 43 (Flom), 1,148 feet. This is situated on the beach, which 
here is a deposit of gra 'rel and sand 8 feet or more in depth, lying upon 
a slope of till that ascends southeastward. 

Anton Johnson's store, foundation, on this beach, in theSE. t of the 
SE. l of Sec. 31, T. 144, R. 43 (Fosur.n ), 1,142 feet. 

Creek flowing northwesterly between the last two, about 1,105 feet. 
Wild Rice River, 2 miles north of Johnson's store, approximately 

1,075 feet. 
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Secondary Herman beach, a well marked, broad, smoothly rounded 
gravel ridge, extendiug from southwest to northeast, crossed by the 
township line road at the nort.h side of the NE. ! of the NW. ! of Sec. 
2, T. 143, R. 44 (Home Lake}, 1,137 feet. It is about 30 rods wide and 
rises 5 to 10 feet above the depression at its southeast side. 

FROM THE WILD RICE RIVER NORTH TO MAPLE LAKE. 

A broad belt of timber borders the Wild R.ice River, lying mostly on 
Its north side, in T. 144, R. 43 (Fosum), and T. 144, R. 44 (Wild Rice), 
and at the time of this survey, iu 1881, no road nor bridge afforded a 
crossing here. Therefore this series of levels was resumed north of the 
Wild Rice River by startmg from Rolette Station of the Saint Paul, 
Minneapolis and Manitoba Railway, 8DO feet above the sea, near the 
middle of Sec. 17, T. 146, R. 46 (Lockhart), about 12- miles north of the 
Lockhart farm. Proceeding eastward from this point, the first observa­
tions of the upper beach were in T. 145, R. 43 (vVaukon); T. 1.46, :i,. 44 
(Sundal); and T. 147, R. 44 (Gadield). 

This beach is intersected by the 'iVild Rice River near the middle of 
T.144, R. 43 (Fosum), and thence it passes north-nort}1westerly through 
the west part ofT. 145, R. 43 (Waukon). In Sees. 7 aud 6, same town 
ship, it is a low smooth ridge of gravel and sand about 25 rods wide, 
rising 5 to 10 feet. In the west half of this Sec. 6 and in Sec. 36, T. 
1Mi, R. 44 (Sundal), the old Pembina trail lies on it. 

About 2 miles west of the upper beach, a secondary Herman beach, 
of similar material and contour, probably 20 feet lower, was observed a 
1ew rods east of the stake at the middle of the north side of Sec. 14, T. 
145, R. 44 (Strand), having a height of 6 to 8 feet above its base, with a 
smaller ridge of sand and gravel, 3 feet high above its base, close west 
of this stake. Again, a half mile farther west, in the northeast corner 
of Sec. 15, same township, another Herman beacL, probably 10 feet be­
low the last, was noted, having a height of 4 or 5 feet above its base. 

Traveling northwestward along the Pembina trail, the upper beach 
ridge was not distinctly observed after leaving Sec. 36, T. 146, R. 44 
(Sundal), until it is again occupied by the trail iu Sec. 9 of this town­
sllip. The intervening 3 miles are flat and nearly level. Probably the 
beach, less noticeable than usual, lies within a half or 1 mile east of the 
trail here. In the eastern part of Sec. 9 this beach is about 25 rods wide, 
ri~ing 5 feet from its east side and descending 10 feet to its western base, 
w hicll was the margin of Lake Agassiz. 

Thence the upper beach extends nearly due north through the east 
edge of Sec. 4, same township, and Sec.33, T. 147, B. 4,_1: (Garfield). In the 
east edge of theSE. l of Sec. 28 and the west edge of the NW.l of Sec. 
27, T. 147, B. 44, it is a typical ridge of gravel and sand, with its crest 
1,1G6 to 1,173 feet above the sea. There is a gradual desccut toward the 
wc~t. The uepre~l::liou ou the east is a sixth to a fourth of a mile wide, 
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sinking 6 to 10 feet below the beach. Farther eastward the land is 
moderately undulating till, rising 20 to 30 feet above the beach and 
bearing frequent groves of small poplars, bur oak, and canoe birch. 

vVater in Sand Hill River, at the ford of the old Pembina trail, in the 
west part of Sec. 28, T. 147, R. 44, ordinary low stage, July 26, 1881, 
1,071 feet. 

Even Grodvig's house threshold, at the top ot the bluff north ofthis 
ford, in the north half of the NW. i of this Sec. 28, 1,136 feet. 

When Lake Agassiz stood at its greatest height, the Sand Hill River 
brought into its margin a delta 6 miles long from south to north and 
3 miles wide, reaching from the upper beach to the west side ofT. 147, 
R. 44 (Garfield), and T. 146, R. 44 (Sundal). This westwardly sloping 

·deposit of stratified gravel and sand has about an equal area and thick. 
ness with the delta of the Buffalo River at Muskoda. Upon this delta 
plain dunes have been heaped up by the winds, probably before vege­
tation had spread over this area after the withdrawal of the glacial lake. 

In the south half of Sec. 32, T. 147, R. 44 (Garfield), and in a belt 
which thence extends approximately north and south, the sand ot this 
delta~ as originally deposited, rises eastward with a slope of 25 or 30 
feet in 1 mile, from 1,100 to 1,125 or 1,130 feet above the sea. Beneath 
this plane, however, channels have been eroded by the winds and sand­
ldlls 25 to 75 feet above it have been blown up in irregular groups and 
series, scattered over a tract about a mile wide and extending 3 or 4 
miles southward from the Sand Hill River, in Sec. 29, the northeast part 
of Sec. 30, and in Sees. 31 and 32, T.147, R. 4! (Garfield), and reaching 
southward in Sees. 5 and 8, T. 146, R. 44: (Suudal). The most southern 
of these hills is an isolated group in the east part of the NE. ! of Sec. 
18, T. 146, R. 44 (Sundal). Another isolated group lies north of the 
Sand Hill River, in the NW.-!. ofSec.16, T.147, R. 44 (Garfield). These 
saud dunes are in part bare, being so frequently drifted by the winds as 
to allow no foothold for vegetation; other portions are clothed with 
grass or with bushes and scanty dwarfed trees, including bur oak, the 
common aspen or poplar, cottonwood, green ash, black cherry, and the 
frost grape. 

Elevations of the highest points of these dunes, in order from south 
to north, are approximately 1,190, 1,180, and 1,200 feet. The highest 
dune appears to be in or near the east half of the NE. i of Sec. 30, T. 
147, R. 44 (Gartielcl). 

Seconuary Herman beach, a smoothly rounded ridge of gravel and 
sand 10 to 15 feet high abo\re the adjacent level, 1,148 to 1,153 feet above 
the sea, about three-fourths of a mile east of the old Pembina trail, in 
the west half of Sees. 21 and 16, T. 147, lt. 44 (Garfield), extending 1-k 
rniles north from the Sand Hill River to the cluster of dunes in the 
N\V. i of Sec. 16. 

Upper Herman beach, the first of the series which was here formed 
contemporaneously with the single Herman beach farther south, run­
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ning approximately from south to n0rtll through or near tlle northeast 
corner of Sec. 4, T. 147, R. 44 (Garfield), a smooth gravel ridge, in some 
parts hidden by scattered groves, 1,165 to 1,175 feet. Farther east is 
a large area of woodland. Second Herman beach, in the east part of 
Sec. 5, same township, and Sec. 32, T.148, R. 44: (GodfrP.y), about a mile 
west from the upper be:wh, 1,149 to 1,153 feet; this is a ridge of gravel 
and sand, about 40 rods wide, with very gentle, prolonged slopes toward 
both the east and the west. Natural surface at the northeast corner of 
Sec. 32, T. 148, H. 44 (Godfrey), 1,146 feet. Third Herman beach, run­
ning north, in the NW. :! of Sec. 5, T. 147, R. 44 (Garfield), and the west 
part of Sec. 32, T. 148, R. 44 (Godfrey), a half or two-thirds of a mile 
west from the last, 1,130 to 1,135 feet, consisting of a distinct ridge in 
its southern part, but farther north being a flat area of gravel and sand 
slightly elevated above the land next east. 

Second Herman beach, a broad low ridge of gravel and sand, extend­
ing north-northeast through Sec. 28, T. 148, R. 44 (Godfrey), from its 
southwest corner to its north line, 1,148 to 1,150 feet. The northward 
continuation of this beach is a low, flattened ridge, the western one of 
two parallel ridges of gravel below that of the upper beach, extending 
northeasterly and northerly through or near the west edge of Sec. 10, 
same township, 1,150 to 1,154 feet. Through the next 3 miles in Sec. 
3, same township, and in the east part of Sees. 35 and 26 and the NW. 
i of Sec. 25, T. 149, R. 44 (Tilden), it is a prominent beach ridge, with 
its crest at 1,153 to 1,161 feet, somewhat steep on its east · side, which 
descends about 10 feet to a belt of lowland and marsh that divides it 
from the parallel beach a quart~r to a third of a mile east. 

The eastern of these parallel beach ridges is only 8 or 10 feet below the 
average elevation of the upper beach. It probably marks a slight fall in 
the water surface at this latitude; but1 as no corresp'onding beach forma­
tion has been observed in Dakota, it Is neglected in the foregoing table 
of elevations of the beaches of Lake Agassiz. It is clearly continuous 
8 miles, the first 4 miles extending northerly and the next 4 miles east­
erly. TheHe parts are connected in Sec. 25, T. 149, R. 44 (Tilden), by a 
graceful curve, that portion of this beach and its extent thence ea:3t­
ward being known as the "Attixridge," from Henry and William Attix, 
brothers, who have built their houses upon it. In its northward course, 
nearly through the middle of Sees. 10 and 4, T. 148, R. 44 (Godfrey), 
its crest is at 1,158 to 1,163 feet; in the west edge of Sec. 36, T. 149, R. 
44 (Tilden), and along its curved course to the northeast and east at the 
west and north sides of Sec. 25 and in the southeast part of Sec. 24, 
same township, 1,163 to 1,168 feet, and in Sees. 21 and 22, T. 149, R. 43 
(Grove Park), 1,171 to 1,173 feet. Slougrl, a third to a nal{ of a mile 
wide, extending along the east side of this beach, in Sec. 3, ·T. 148, R· 
44 (Godfrey), and in the southeast part ofT. 149, R. 44 (Tilden), 1,155 to 
't

7
160 feet. 
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Upper beach in the SW.! of Sec. 11, T.148, R. 44 (Godfrey), forming 
a plain of stratified gravel and sand a quarter or a third of a mile wide 
from east to west, 1,168 to 1,173 feet. This beach near the south side 
of Sec. 11 becomes a distinct gravel ridge of the usual character, about 
25 rods wide, with its crest at 1,173 feet, bordered by a slough 20 to 40 
rods wide at its east side. About a third of a mile farther southeast 
and some 50 rods west of the southwest extremity of Maple Lake, 
in Sec. 14, same township, the elevation of this beach ridge is 1,175 to 
1,178 feet. 

Maple Lake, water surface ~T uly 28, 1881, 1,169 feet. 
Upper beach, top of its well marked gravel ridge in the east edge of 

the NE. ! of the NE. ! of Sec. 3, T. 148, R. 44 (Godfrey), about 20 rods 
north of Mr. Horton's, 1,180 feet. 

Beyond this point, through its next 2-2- miles, curving from a north­
ward to a northeastward and eastward course, this upper beach of 
Lake Agassiz is magnificently exhibited, forming a massive, gently 
rounded ri<lge of gravel and sand about 30 rods across, with its crest 
1,178 to 1,186 feet above the sea. It is bordered on its southeast side 
by a tract of slightly undulating till 10 to 15 feet lower, mostly cov­
ered with small timber and brush and holding frequent sloughs and 
lakelets in its depressions. The top of the beach is not wooded, but 
small trees and bushes encroach upon its slopes. A road extends along 
the crest of its curving portion for a distance of about 1 mile through 
Sec. 36, T. 149, R. 44 (Tilden). · 

The marsh which borders the northwest side of the northeast part of 
Maple Lake shows a descent of 5 to 7 feet northwestward, or away from 
the lake, in its width of 1 to 1~ miles . Maple Lake is prevented from 
flowing in this direction by a beaver dam near the lake. Creek drai~l­
ing this marsh where it intersects the upper beach near the east line of 
the NE. ! of Sec. 27, T. 149, R. 43 (Grove Park), 1,163 feet. Here the 
beach skirting the north side of the marsh is a fiat deposit of gravel 
and sand, a fourth to a half of a mile or more in width, highest next to 
the marsh, above which it rises 5 to 8 feet in a moderate slope. Its ele­
vation in ·the north half of Sees. 26 and 27 is 1,169 to 1,172 feet, being 
even 1 or 2 feet lower than the Attix ridge, which lies some two-thirds 
of a mile farther north, in the south half of Sees. 21 and 22. This belt 
of beach gravel and sand continues 6 miles in a nearly due east course, 
and beyond that it extends still eastward along the north side of a great 
tamarack swamp, which begins in Sec. 34, T. 149, R. 42, and is said to 
be 8 miles long. Maple Lake and this tamarack swamp hold the same 
relation to the upper beach ridge, which was a barrier between them 
and Lake Agassiz and which now wholly or partially obstructs the 
drainage of these areas .. 

Third Herman oeacb, a small ridge of gravel and sand, extending 
from southwest to nortbeast, 8 to 10 rods wide and rising 4 or 5 feet, 
crossed by the Crookston road in the SW. :! of Sec. 23, T. 149, R. 4t 
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(Tilden), and seen to reach at least a mile each way from this road, 1,146 
to 1,149 feet. 

Natural surface at the southeast corner of Sec. 15, same township, 
1,134 feet. 

Fourth Herman beach, crossed by road to Crookston and Red Lake 
Falls near the center of the S E. ! of this Sec. 15, 1,132 to 1,134 feet. 
This is a well marked gravel ridge, mainly single, but twofold where it 
is crossed by this road. The distance of 1 mile here between these 
third and fourth Herman beaches consists of till, with a nearly smooth 
surface, which bas bowlders up to 3 and rarely 5 feet in diameter quite 
numerously scattered over it. Southeastward from the third to the first 
or upper beach the surface mostly is modified drift, with no bowlders. 

Four to five miles north from the fourth Herman beach the road to 
Red Lake Falls crosses the Norcross beach in Sec. 27, T. 150, R. 44 
(Lake Pleasant), where it is a belt of gravel and sand about a half mile 
wide, extending from west-southwest to east-northeast, at an elevation 
of 1,083 to 1,095 feet. 

THE UPPER OR HERMAN BEACH IN DAKOTA. 

[See the accompanying map, Plate I.] 

FROM LAKE 1.'RA VERSE NORTHWEST TO MILNOR. 

From the south extremity of Lake Agassiz, in Sec. 18, T. 125, R. 45 
(Leonardsville), Traverse County, Minn., the upper or Herman beach 
extends northwestward 75 miles to the most southern bend of the 
Sheyenne River in Ransom County, Dakota, and thence its course 
is nearly due north, but with slight deflection westward, to the inter­
national boundary. The mouth of Lake Agassiz was where now a 
slough 2 to 3 miles wide, with frequent areas of open water, stretchAs 
northward from the northeast end of Lake Traverse. On the west side 
of this slough and of Lake Traverse bluffs of till rise 100 to 125 feet; 
their tops and the rolling surface of till which extends thence west­
ward are 1,070 to 1,100 feet above the sea. 

The beginning of the upper or Herman beach in Dakota is in Sees. 
10, 3, and 4, T.128, R. 48, nearly 2 miles south from the north line of 
the Sisseton and Wahpeton reservation. It rises with terracelike 
steepness 20 or 30 feet above the surface of undulating till which bor­
ders it on the northeast. Its material is sand and gravel, with pebbles 
up to 1-2- or 2 inches in diameter, about half of which are limestone. 
Beyond its steep margin this deposit of beach gravel forms a belt 
about a mile wide, approximately level, but with frequent short swells 
and low flattened ridges 5 to 10 or 15 feet above the intervening de­
pressions. Its elevation is 1,060 to 1,070 feet above the sea, or from 90 
to 100 feet above Lake Traverse. 
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For its first 3 or 4 miles the terracelike margin of the beach sweeps 
with a gentle curve westerly and northerly to a point in the SW. ! of 
Sec. 34, T. 129, R. 48, where it turns quite abruptly, taking a nearly due 
west course for the next 3 miles to the west side of Sec. 31 of this 
township. 

In the. NW.;J; of Sec. 3, T. 128, R. 48, a third of a mile east of W. J. 
Allen's house, the ascent at the beach margin is about 10 feet to an ele­
vation of 1,060 feet, approximately. The belt of sana and fine gravel 
is here about a half mile wide. Occasional hummocks, rising 5 to 10 
feet and 50 to 100 feet long, which were observed. on this part of the 
beach, appear to have been heaped up by the wind before the protect­
ing mantle of grass and other vegetation was spread over it. In the 
SE. -!of Sec. 3:3, T. 129, R. 48, similar dunes, 1,075 to 1,080 feet above 
the sea, have been excavated for use as plastering sand. Nearly all 
portions of this beach and even its <lunes are now covered with a black 
soil and plentiful vegetation; but certain species preferring dry awl 
sandy soil, as the dwarf rose, grow in greater abundance on the beach, 
and especially among its hummocks and hollows, than on the flat or 
slightly undulating surface of till at each side. 

The margin of this Herman beach, marking the shore of Lake Agassiz 
at its maximum stage, passes in its western course about 60 rods north 
of the southeast corner of Sec. 32 and turns again to the north west near 
the middle of the west side of Sec. 31, T. 129, R. 48. .At the latter 
locality it is a low wavelike ridge of sand and fine gravel, about 1,060 
feet above the sea. On the south it is bordered by land 3 to 5 fee~ lower 
for a width of one and a half miles. J. R. Grimesey's well, 13 feet deep, 
at the south west corner of Sec. 31, on this low tract outside the beach 
ridge, encountered only very fine stratified sand, irregularly laminated 
and containing numerous tubular limonitic concretions. Farther to 
the southwest and west, a gently undulating surface of till, scarcely 
higher than the beach of Lake Agassiz, stretches away several miles, 
beyond which the highland of the Coteau des Prairies is seen in the far 
distance . 

• The Herman beach crossesT. 129, R. 49, in a diagonal course, enter­
ing it a half mile north of its southeast corner and running northwest 
to the north side of Sees. 5 and 6. In 8ec. 23 and the northeast part 
of Sec. 22, its elevation is about 1,055 feet; but its dunes rise 3 or 4 
feet higher. .At the middle of the north side of Sec. 16, on the line be­
tween Roberts and Richland Counties, it is a ridge of sand and fine 
gravel about 8 rods wide, rising 4 to 6 feet above the land on each 
side. Its crest here, aud for a mile to the southeast and northwest, is 
1,000 to 1,065 feet above the sea. Northeastward the surface falls about 
20 feet in the first mile. On the southwest side of this distinct beach 
ridge, a smooth, slightly undulating tract 1~ to 2 miles wide, extend­
ing through this township, consists of sand and fine clayey silt. Its 
elevation varies from 1.055 to 1,080 feet, attaining the latter height in 
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the northwest part of the township. This belt, with its continuation 
southeastward, previously described, was doubtless covered by Lake 
Agassiz before the erosion of its outlet to the level of the Herman 
beach; but much of its stratified sand and silt may be mouified drift 
deposited by streams from the melting iee sheet. The glacial recession 
here was from southwest to northeast, and this was probably an avenue 
of drainage during a short time, till the continued retreat of the ice left 
a considerable expanse of water, the beginning of Lake Agassiz, be-
tween itself and the shore. . 

In the north part of Sees. 5 and 6, T. 129, R. 49, and in Sees. 31 and 
32, T. 130, R. 49, this beach consists of two or three parallel wavelike 
ridges of gravel and sand, divided br depressions an eighth to a quarter 
of a mile wide and 5 to 10 feet lower. 

This belt reaches north to tile Lightning's (or Thunder's) Nest, a 
massive dune of fine sand, partly hare and now wind blown, but mostly 
covered with bushes and herbage, situated near the center of Sec. 
30, T. 130, R. 49. Its base on the south is 1,060 feet and its top 1,120 
feet, approximately, above the sea. It covers a space about a quar­
ter of a mile in extent from southeast to northwest, with nearly as 
great width, and rises in two summits of nearly equal height.· The 
Lightning's Nest is the most promineut in :.1 series of dunes, elsewhere 
rising only 10 to 30 feet, mostly grassed, which extend.s a mile or more 
to the southeast and is traceable several miles northwest to the east 
end of a very conspicuous tract of dunes 50 to 100 feet above adjacent 
level, with summits at 1,100 to 1,150 feet above the sea, which stretches 
about 4 miles in a west-northwest course in the south part of T.131, R. 
50, 1 to 2 miles south of the \Vild Rice River. By win us, eroding and 
drifting, these sand hills were heaped up from the IIermau beach and 
its associated belt of modified drift, probably soon after the retreat 
of the ice, though their forms have been constantly changing since that 
time. 

Outside the area of Lake Agassiz, the southwest part of Richland 
County is till, mostly undulating or moderately rolling, but in part promi­
nently hilly, with rough morainic contour and abundant bowlders. Tao­
lor Lake, approximately 1,050 feet above tlle sea, 2~ miles west of the 
Lightning's Nest, is a very beautiful sheet of water, bordered by a sandy 
shore and a large grove on the north and by a shore of bowlders and 
morainic hills 50 to 150 feet above the lake on the west. These hills 
and most of the lakes farther west in this county have no timber. North­
eastward the area that was covered by Lake Agassiz is mostly smooth 
and nearly flat till, with frequent marshy tracts called sloughs, but with 
only very rare and smalllakelets. 

Swan Lake, 3 miles long, reaching from Sec. 3 to Sec. 7, T. 130, R. 51, 
estimated 1,070 feet above the sea, with undulating till 5 to 10 feet 
higher on the northeast and 10 'to 20 feet higher on the south and 
west. 

(426) 



UPHAM.j HERMAN BEACH IN DAKOTA. 4i 

Herman beach, a ridge of fine sand, 20 to 25 rods wide and. about 3 
feet high, near the south line of Sec. 36, '1'. 132, R. 52, extending west­
northwest, approximately l,OG5 feet. On the north, the exceedingly 
flat plain of Lake Agassiz, sinking very slowly northeastward, reaches 
as far as the eye can see. On the south, :fiat land, covered by Lake 
Agassiz before the time of this beach, continues 1~ miles, ascending in 
that distance from 1,060 feet to about 1,080 feet, and moderately un­
dulating till rises beyond to 1,100 and 1,125 feet. 

One and a half miles north of this beach the Wild Rice River is crossed 
by a bridge near the center of Sec. 25, T. 132, R. 52. The stream in 
its ordinary stage is 1 to 2 rods wide, with a depth of about 3 feet, and 
is filled with grass and rushes. Its bottom land, a sixth to a third of a 
mile wide, is about 10 feet higher and is annually overflowed by the 
high water in spring. Its bluffs rise about 40 feet above the river at 
low water, the elevation of their top and. of the adjoining plain being, 
approximately, 1,050 feet. These bluffs and the surface from the Tier­
man beach north to Elk Creek are till, but the country about Wynd­
mere and south to Elk Creek is stratified fine clayey sand. Both for­
mations have a very fertile soil, unsurpassed for wheat and. all crops 
proper to this latitude. Elk Creek is a stream similar to the Wild Rice 
Rivet, but smaller, and the width and depth of its valley are about 
two-thirds as great. 

Northern Pacific, Fergus Falls and Black Hills Railroad : track at 
Wyndmere, 1,060 feet; at the Herman beach 1~ miles west of vVynd­
mere, track 1,064 and crest of the beach 1,065 feet, rising 8 feet aboYe 
the adjacent laud 20.rods away both east and west; surface along the 
railroad thence westward 8 miles, 1,060-to 1,063 feet, with Star Lake~ a 
third of a mile in diameter on this level area, only 2 or 3 feet below the 
surrounding land, close north of the railroad, in Sec. 5, T. 132, R. 52; a 
higher beach of Lake Agassiz, crossed 3 miles east of Milnor, and there­
fore called the Milnor beach, crest and track, 1,083 feet, 4 or 5 feet above 
the adjoining land 10 rods away both easfj and west; another beach 
ridge formed during the same stage of Lake Agassiz, a third of a mile 
farther west, crest and grade, 1,084 fePt; land close east, 1,079, and 
west, 1,076 feet; track at Milnor, 1,095 feet. 

The Herman beach west and north of Wyndmere has an irregular 
surface, with frequent hummocks of sand heaped 5 to 10 feet above adja­
cent hollows. Most of these dunes are now grassed. From near Wynd­
mere this beach, with frequent small dunes, extends north through 
tile west edge of T. 133, R. 51, and thence westerly to another tract of 
prominent dunes 50 to 100 feet above adjacent surface, with their tops 
at 1,100 to 1,150 feet, which extends about 10 miles in a west-northwest 
course from the southwest part of T. 134, R. 52, to the east part of T. 
134, R. 54, terminating about 2 miles east of the Sheyenne River. Like 
the similar high dunes soutll of the \Vilcl Rice Ri\7 er, these are mainly 
covered by herbage, bushes, and small trees; but many portions are 
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now being drifted by the winds, so that they are wholly destitute of 
vegetation. These dunes mark the course of the Herman beach, here 
greatly increased in volm!le by delta deposits from the Sheyenne River. 

Morainic knolls and hills, rising 20 to 50 feet, with plentiful bowlders, 
lie close west of Milnor, extending in a belt from southeast to north­
west. They are probably a continuation of the Altamont anrl Gary mo­
raines of the Coteau des Prairies. Near Lisbon, about 15 miles north­
west from· Milnor, some of theAe morainic hills are quite conspicuous, 
rising 100 feet or more above the surrounding country. 

Evidence of a stage of Lake Agassiz 20 or 30 feet higher than that 
of the Herman beach is found, as already noticed, in many places along 
the southern part of its boundary in Dakota. The portion of this gla­
cial lake formed earliest by the recession of the ice seems to have reached 
from Lake Traverse to the Sheyenne River, a~d its level appears to have 
been then nearly that of the general surface and the top of the bluffs 
bordering Lake Traverse. Distinct traces of this stage of the ancient 
lake have not been recognized in Minnesota, nor along the greater part 
of its boundary in Dakota, from the Sheyenne River northward. 

FROM MILNOR NORTH 1.'0 SHELDON. 

The highest level of Lake Agassiz, near Milnor, is marked by the 
Milnor beach, already mentioned, where it is crossed by the railroad. 
This beach is fine clayey sand, in somewhat irregular and interrupted 
low ridges and terraces, abutting at the west on undulating till, which 
gradually rises 10 or 20 feet higher, while on the east a descent of 10 or 
15 feet, within about 20 rods, is succeeded by a flat area, which thence 
sinks very slowly northeastwar'"d. The elevation of the Milnor beach 
at the railroad-is 1,084 feet, and at Mr. G. V. Dawson's house, at the 
middle of the east side of Sec. 22, T. 1:?·3, R. 54, 1,092 feet. Its course 
between these points is north-northwest, and this is continued to the 
mouth of a former channel of the Sheyenne River, near the center of 
Sec. 4 in this township, 3 miles east from the most southern bend of the 
river. 

During all the stages of Lake Agassiz the Sheyenne River brought 
into it much sediment, carrying the-clay farther than the sand and 
gravel, which were laid down near the river's mouth. Extensive areas 
of these originally flat beds have been changed by wind action to irregu­
lar groups and belts of sand hills or dunes, which vary from a few feet 
to more than a hundred feet in height above the surrounding level. 
Besides the large tract oftheE<e dunes before described east of the Shey­
enne River, others of even greater extent and equally conspicuous bor­
der the river and reach 2 or 3 miles from it in the northeast part of T. 
135, R. 54, and along its next 15 miles. 

Watercourses formerly occupied by this stream are found west of the 
Milnor beach. One of them is marked by a sandy flat, which reaches 
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from the present course of the Sheyenne River, in Sec. 1, T. 133, R. 55, 
southeastward through T. 133, R. 54, to the vicinity of 1\Hlnor. An­
other runs from near the middle of the SW. i of Sec. 32, T. 134, R. 54, 
about l! miles east-southeast to the middle of Sec. 4, T. 133, R. 54. 
This is a channel, 30 to 50 rods wide, about 40 feet below a ridge 
of coarse gravel, which extends aiong its northeaRt side, dividing it 
from the lower area that was covered by Lake Agassiz and from the 
present valley of the river. The crest of the ridge is nearly flat, upon 
a width of 10 to 30 rods, and is 75 to 100 feet above the river, being 
highest westward. It contains pebbles and cobbles of all sizes up to 6 
inches in diameter, about half being limestone and nearly all the others 
granitic. This ridge or plateau of gravel is a remnant of an old delta 
plain of the Sheyenne River, apparently deposited before the forma­
tion of the Milnor beach, above which it rises some 40 or 50 feet, which 
suggests that the deserted channel of that depth on its south side was 
probably eroded during the Milnor stage of Lake Agassiz. Similar 
gravel occurs on the side and verge of the bluff, 100 feet high, northwest 
of the Sheyenne River, in the SW.-! of Sec. 29, T.134, R. 54, but a roll­
ing surface of till extends thence northwest. 

Sheyenne River in Sec. 32, T. 134, R. 54, 1,037 feet above the sea, and 
on the west line of the NW. ! of Sec. 29, T. 135, R. 54, 1,019 feet. Its 
bed through these townships is mostly 4 to 6 rods wide, with water 1 
to 2 or 3 feet deep, and is strewn in many places with cobbles and 
bowlders up to 2 or 3 feet and rarely 6 or 8 feet in diameter. Its bottom­
land near the south bend, about a third of a mile wide, is 15 or 20 feet 
above the ordinary low stage of water, and during a term of fourteen 
years preceding this survey in 1885 it had not been overflowed; but 
driftwood, found by the first immigrants, proves that the river some­
times reache~ this height. Bluffs of till here, in the southwest corner 
ofT. 134, R. 54, rise 100 to 125 feet above the stream. 

Bluffs of till close west of the Sheyenne River, in Sec. 20, T. 134, R. 54, 
1,100 to 1,110 feet; moderately rolling till a quarter of a mile fart,her west, 
1,115 to 1,125 feet; same in Sees. 17 and 18, 1,090 to 1,130 feet; and on 
the east side of the river, in Sees. 21, 16, and 17, 1,085 to 1,075 feet, de­
scending northeastward. Prominent swell of till west of the Sheyenne­
River in the SE. -! of Sec. 30, T. 135, R. 54, having four aboriginal 
mounds on its crest, 1,113 feet; top of these mounds, 1,117 feet, very 
nearly. Highest portions of the area of undulating till seen westward 
from this Sec. 30, 3 or 4 miles distant, 1,125 to 1,150 feet. 

Surface at Charles G. Froemke's house, in the NW. -! of Sec. 29, T. 
135, R. 54, 1,073 feet; bottom land of the Sheyenne River close west, 
1,037 to 1,027 feet; ordinary low water of the river, 1,019 feet. 

Portion of area of Lake Agassiz, a strip a fourth to a third of a mile 
wide, west of the Sheyenne River, in Sees. 32 and 5, a half mile to 2 
miles south of Mr. Froemke's, 1,065 to 1,075 feet. Herman beach one­
fourth to two-thirds of a mile east of the Sheyenne River here and ex-
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tending southeasterly toward the western limit of dunes in the east part 
ofT. 134, R. 54, 1,073 to 1,079 feet. Crest of this beach, a low ridge of 
sand and fine gravel, at J. Altmann's house, near the middle of Sec. 
20, T. 135, R. 54, 1~073 feet. Within 10 or 15 rods east there is a de­
scent of about 10 feet. This beach ridge runs north and northeasterly 
to ncar the northeast corner of this Sec. 20, and thence it passes east­
ward about 3 miles, having an elevation of 1,075 to 1,065 feet to where 
it is intersected by the Sheyenne River, near the northeast corner of 
Sec. 14. North of the river it continues about a half mile in Sec. 12, 
its elevation being 1,065 to 1,070 feet, to the west end of a tract of dunes 
25 to 100 feet above their vicinity, with summits at 1,100 to 1,150 feet, 
which extends thence about 15 miles eastward. This Herman beach 
was sufficient to turn the course of the Sheyenne River along its west 
and north side for ~J distance of 8 miles, from Sec. 9, T. 134, R. 54, north 
and east to Sec. 14, T. 135, R. 54, though it is only a ridge of sand and 
gravel 5 to 10 feet higher than the smoothed area of till, occasionally 
covered by 1 to 3 feet of sand, which lies west of it and in which the 
river has now cut its channel 50 to 60 feet deep. 

Rolling surface of till in the south edge of Sec. 9, T. 135, R. 54, 25 to 
40 rods north of the Sheyenne River, 1,080 to 1,090 feet. Most of this 
Sec. 9 is nearly level till at 1,080 to 1,085 feet, with occasional large 
hollows 20feetlower. It seems to have been smoothed by Lake Agassiz 
at the time of the Milnor beach. Westward is slightly undulating till, 
having an elevation of 1,085 to 1,125 feet for 2 or 3 miles, as far as the 
surface lies within view. 

Herman beach in the NW.-! of the NW. i of Sec. 10, T. 135, R. 54, 
1,075 to 1,080 feet. This is a deposit of gravel and sand extending 
along the verge of the plateau of till just described in Sec. 9. Fifteen 
or 20 rods to the east the elevation is 1,065 feet, and i~ sinks slowly 
thence eastward to about 1,050 feet at the west base of the dunes in 
Sees. 12 and 1 of this township. 

Lakelet back of this beach, situated in the east edge of the SE. ! of 
Sec. 4, T. 135, R. 54, about 50 rods long from south to north, 1,060 feet, 
being 25 feet below the average of the adjacent undulating till. Shallow 
lakelet, 40 rods across, close east of the beach, a quarter of a mile east 
from the northwest corner of Sec. 3, also 1,060 feet; adjoining land, 1,065 
to 1,070 feet, excepting on the west, where the Herman beach has an 
elevation of 1,080 feet, with undulating till beyond it a few feet higher. 

Herman beach at the middle of the west side of Sec. 34, T. 136, R. 54: 
(Sheldon), 1,082 feet; surface 25 rods east, 1,070 feet, thence descending 
slowly eastward. Here and for 1~ miles south, through Sec. 3, this 
beach is a flattened ridge of sand and fine gravel, 25 or 30 rods wide, 
with a depression 3 to 6 feet deep along its west side. In the NW. ! 
of Sec. 28, its elevation is 1,080 feet. 

Fargo and Southwestern Railroad track at Sheldon, 1,078 feet. 
Wells in Sheldon village are 10 to 15 feet deep, in sandy clay free from 
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gravel or bowlders 6 to 10 feet, with saud below. These deposits be­
long to the Herman beach, which is here spread upon a width of about 
a half mile. 

FROM SHELDON NOR'£H 1'0 THE NORTHERN PACIFIC RAILROAD. 

This beach, tm,·racelike, at Hugh Mcintosh's house, in the south edge 
of the NW. ! of Sec. 8, T. 136, R. 54 (Sheldon), has its crest 1,083 to 
1,084 feet above the sea. His well, near the top of the beach, 22 feet 
deep, is soil and sandy clay to a depth of 7 feet, then sand 15 feet to 
water. Till rises to the surface 20 rods fartller west. About 30 rods 
east, on land 10 feet lower, a well10 feet deep is all caving sand below 
the black soil, which is 1 or 2 feet deep next to the surface . . 

From the east base of the beach near Mr. Mcintosh's there is a very 
slight descent eastward to 1,065 feet, approximately, about Island Lake, 
which lies some 10 feet lower. This lake, nearly round, about a third 
of a mile in diameter, is crossed by the line between Sees. 9 and 10. 
Its island, which is said to have an area of 12 acres, lying in Sec. 9, is 
wooded; but the shores around the lake are destitute of timber, being 
in part marshy, with grass and rushes, and in part hard sand. The 
maximum depth of water is only 6 feet, but it has not been dried up 
during the six years from the :first immigration here to the time of this 
survey. 

Maple River in Sec. 32, T. 137, R. 54, about 2 miles northeast from 
its most southern bend, 1,017 feet. It is 20 to 40 feet wide and 1 to 3 
feet deep, with cobbles and bowlders in many portions of its chanuel. 

Herman beach, a sand and gravel deposit extending a quarter of a 
mile from south to north on the Yerge of the bluff of till west of Maple 
Hiver in the northwest part of this Sec. 32, 1,072 to 1,077 feet. In the 
north edge of the NW. i of this section, the northeast corner of Sec. 
31, and the east edge of Sec. 30, it is a plateaulike tract a fourth of a 
mile wide, with a subsoil of sand and :fine gravel, 1,086 feet, from 
which both east and west a gentle slope falls 5 feet within 20 or 30 
rods. In the NW.! of Sec. 20 and the west llalf of Sec. 17, it is a grace­
fully rounded ridge, 1,085 to 1,087 feet, with descent of about 5 feet on 
its west side and 10 to 15 feet withfn as many rods on the east. The 
surface east of the Maple River in this T. 137, R. 54, has an elevation of 
1,075 to 1,065 feet, declining toward the north and east. 

In the east half of T. 137, R. 55, a surface of till, moderately undu­
lating near the beach of Lake Agassiz, but prominently rolling at a 
distance of 3 miles to the west, rises to 1,150 and 1,175 feet in the vicinity 
of the Maple River above its south bend. 

The Herman beach, a broad flattened ridge of sand and gravel, passes 
in a north-northeast course through the center of Sec. 8, T. 137, R. 54, 
its elevation being 1,083 feet. A smoothed surface of till, 1,082 to 1,087 
feet, with occasional sloughs in depressions 15 to 20 feet deep, occupies 
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the west half of tbis Sec. 8; and close east of the beach a flat of till on 
the east line of the section, at 1,065 to 1,070 feet, was the bed of the 
lake. 

Continuing northeastward, the beach is offset a mile to the east in 
Sees. 4 and 3, T. 137, R. 54, so that the greater part of Sec. 4 was a bay 
of Lake Agassiz during its Herman stage, with bottom at 1,080 to 1,065 
feet, inclosed on the west, north, and east by beach deposits. The 
highest portion of the hook or spit east of this bay is in the SW. !-of 
Sec. 3, 1,093 to 1,096 feet. It is composed of sand and fine gravel, with 
pebbles, mostly less than an inch but occasionally 2 inches in cliam­
eter, forming a smootllly rounded swell 30 to 40 rods wide. This cape, 
projecting sonth and west a mile into the lake, was accumulated by tile 
southward drift of the beach material along the shore, caused by north­
ern winds, as is also observable at various other places on both the 
east and west shores of this extinct lake and on both sides of Lake 
Michigan at the present time. 

Herman beach in the west edge of Sec. 26, T. 138, R. 54, 1,094 feet. 
On the east sicle of the beach here, near the center of this section, is a 
slough fillecl with rushes and containing water all the year; its eleva­
tion is about 1,065 feet, tha.t of the lancl on its east side in the east part 
of this section being about 1,07'5 feet. In the NE.-! of the NE.-! of Sec. 
34, the beach is intersected by a sluggish creek, apparently formed by 
springs within a half mile northwest, its ravine being fully 40 feet below 
the general level of the beach and the land westward. Again, in the 
NW.-! of the SW. !-of Sec. 2G, the beach is cut by a dry channel, the 
outlet in rainy weather from a small slough. 

Through the west half of Sec. 23, T. 138, R. 54, the beach is a low, 
smoothly rounded ridge of sand and fine gravel, about half of which is 
limestone and the rest granite or other Archean rocks. ..As in the 3 
miles next southward, it is largely composed of fine gravel, and pebbles 
abound, often covering half the surface of the knolls made by gophers. 
Most of the pebbles are less than an inch in diameter, but some meas­
ure 2 and a few 3 inches. The elevation of this beach ridge is 1,092 to 
1,100 feet; on the north line of this section its height is 1,099 feet. 
A broad depression 3 to 5 feet below the beach borders its west side. 
Toward the east there is a descent of about 10 feet in 25 or 30 rods, and 
thence a gradual slope sinks to 1,060 or 1,050 feet within 1 to 1-2- miles. 

Undulating till in Sees. 22 and15, T. 138, R. 54, 1,095 to 1, 11.0 feet; 
crests of prominently rolling till in the 'Nest edge of Sec. 11 and the 
south part of Sec. 10, 1,115 to 1,125 feet; thence northwestward lower 
undulating till has an elevation of only 1,090 to 1,100 feet for nearly 
two miles and rises quite slowly beyond. 

This somewhat irregular contour has caused considerable diversity 
in the development of the beach, so that its deposits are massecl in un­
usual amount in some p1aces, while elsewhere they are deficient or 
wholly wanting. In the SW. !- of tlle SW. i of Sec, 147 T. 138, R. 54, 
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a swell of gravel, with pebbles of all sizes up to 2 inches or rarely 3 
inches in diameter, rises to 1,105 feet, extending about 40 rods from 
south to north; and similar gravel, at 1,095 to 1,105 feet, occurs in the 
west part of the NW.! of Sec. 23, west of the distinct beach ridge. The 
northwest part of Sec. 14 is a nearly flat tract, having a subsoil of sand 
and fine gravel, with an elevation of 1,090 to 1,095 feet. Beach ridge 
extending south from the east side of a prominent swell of till in the 
SW.! of Sec. 11, 1,086 to 1,089 feet, having a continuous depression of 
about 5 feet on its west side and bordered eastward by land 6 to 10 
feet below its crest. In the northwest part of this Sec.11 and the south­
east part of Sec. 3 the shore of Lake Agassiz is marked by slight erosion 
in the rolling and undulating surface of till rather than by the usual 
beach deposits of gravel and sana. 

Beyond this, a conspicuous beach ridge 25 to 40 rods wide, elevated 10 
feet above the undulating till on its west side and bordered by a still 
lower surface on the east, extends from the middle of the S W.l of theSE. 
! of Sec. 3, T. 138, R. 54, northwestward to near the middle of the north 
line of the NW. i of this section, where it is interrupted by a drain­
age gap about 20 feet below its crest. Thence this massive beach ridge 
continues in a north-nortlwast course through Sec. 34, T. 139: R. 54, to 
near the middle of its north line. Its material is sand and gravel, with 
pebbles up to 1-:t inches in diameter. In Sec. 3 its elevation is 1,095 to 
1,090 feet, and in Sec. 34, 1,089 to 1,094 feet. It passes onward as a 
very distinct and typical beach ridge, with the same north-northeast 
course, through Sees. 27 and 22, T. 139, R. 54, having an elevation of 
1,087 to 1,095 feet in Sec. 27 and 1,089 to 1,096 feet in Sec. 22. Its 
eastern slope in these sections descends 15 to 20 feet. 

About a half mile west from this great beach ridge the east edge of 
Sec. 4 has irregular deposits of beach gravel and sand in swells and bars 
5 feet above the generallevd, and in the east edge of Sec. 33, T. 139, R. 
54, a well defined parallel beach begins, having a width of 20 to 25 rods 
and elevation of 1,092 to 1,004 feet, with a depression 2 to 4 feet lower 
on the west and descent of about 5 feet on the east. This western Her­
man beach extends as a continuous ridge 2 miles to the north-northeast, 
excepting a gap where it is intersected by a small stream in the NW.l 
of Sec. 27. Its material is sand and gravel, with pebbles up to 2 inches 
in diameter, about ha1f of which are limestone. Both this and the east 
beach have a black soil a foot or more in depth, and are scarcely in­
ferior to the adjoining areas of till in productiveness. Farther west a 
slightly undulating or nearly fiat surface of till extends from a half mile 
to 1~ miles before it rises above 1,095 feet; and the highest of its swells, 
seen 3 to 6 miles away to the west and northwest, do not exceed 1,150 or 
1,175 feet. Western Herman beach on the north line of the NW.:! of 
Sec. 27, 1,095 feet; about 6 rods to the south, 1,097 feet, and northeast­
ward, in Sec. 22, 1,092 to 1,095 feet, to its junction with the eastern or 
main beach in the east part of this section. 
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A lower Herman beach, formed after the lake level here had fallen. 
slightly, appears in the northwest edge of Sec. 26, T.139, R. 54, having; 
its crest at 1,072 to 1,075 feet; passing north-northea~t. 
west half of Sec. 23, its elevation is 1,075 to 1,080 feet; through Sec 14, 
1,080 to 1,087 feet, being highest near the center of this section; and in 
the east part of Sees. 11 and 2 and northward to the SW. i of Sec. 36, 
T. 140, R. 54, 1,083 to 1,080 and 1,075 feet. Its maximum development 
is in Sec. 14, where it is a massive, smoothly rounded ridge of sand and 
fine gravel, 30 rods wide, with a descent of 15 feet on each side. In 
Sees. 26 and 23 it is bordered on the west l>y a continuous depression 
4 to 8 feet below it; and, through Sees. 14, 11, and 2 and in the SW. 1: 
of Sec. 36, a slough 3~- miles long, mown for its luxuriant marsh hay, 
having an elevation of 1,067 to 1,072 feet, lies between this and the main 
beach, a half mile farther west. 

Floor of S. P. Gardner's house, in the north west corner of Sec. 27, 
T. 139, R. 54, 1,096 feet. 

Main Herman beach through the west edge ot Sec. 14, T. 139, R. 54, 
1,096 to 1,093 feet, declining north ward; in the west part of Sec. 11, 
1,093 to 1,095 feet; in Sec. 2, 1,092 to 1,095 feet, changing from a north 
to a north-northeast course; in the southeast edge of Sec. 35 and the 
northwest edge of Sec. 36, T. 140, R. 54, 1,092 to 1,096 feet; and in the: 
west part of Sec. 25, where it is cut by the Northern Pacific Railroad, 
1,093 to 1,099 feet. At the railroad cut its crest is 1,097 to 1,099 feet 
and the track is 1,091 feet. Along this distance of 5 miles it is a typicat 
beach ridge of sand and gravel, with pebbles up to 2 inches and oeca­
sionally 3 to 6 inches in diameter, about 30 rods wide, rising nearly 
25 feet above the slough on the east, and bordered on the west by a 
continuous depression, mostly about an eighth of a mile wide, 3 to 'I 
feet below its crest. Slightly undulating till rises beyond to 1,125 and 
1,140 feet within 1 or 1~ miles west, which is as far as the surface lies 
within Yiew. 

Northern Pacific Railroad, track at Wheatland, 991 feet; on bridge 
oYer creek in the east edge of Sec. 25, T. 140, R. 54, 4 miles west of 
Wheatlanu and three-fifths of a mile east of the Herman beach, 1,074: 
feet; bed of the creek, 1,055 feet; track at summit, 4~ miles west from 
tLe Herman beach, same as tLe natural surface, 1,~06 feet; and at Buf­
falo, a half mile farther west, 1,200 feet. 

FROM THE NORTHERN PACIFIC RAILROAD NORTH 1'0 GALESBURG. 

Herman beach,~ l>roau, smoothly rounded, continuous ridge of the 
same material and contour as southward, for the next 4 miles north 
from the Northern Pacific Railroad, bearing north-northeast, 1,097 to 
1,100 feet, very constant in elevation. The descent of its east slope is 15 
or 20 feet in about 20 rods, and of its west slope, about 5 feet. Thence 
westward the surface is unuulating till, iu swells 10 to 15 feet above the 
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depressions, rising gradually to 1,150 and 1,200 feet above the sea at a 
distance of 3 to 5 miles, the farthest seen in that direction. In a broad 
view this area seems an almost flat plain. 

Where this beach is cut by the Saint Paul, Minneapolis and Manitoba 
Rail way from Ripon to Hope, near the middle of the line between Sees. 32 
and 33, T. 141, R. 53, its crest was 1,096 to 1,099 feet above the sea. It 
has been excavated here for ballast to a distance of about 30 rods south 
from the railway. It is mostly gravel; the pebbles seldom exceed 2 
inches in diameter; about half is limestone and the remainder granitic. 
The thickness of this beach deposit is only 8 to 10 feet; its east slope 
falls 12 or 15 feet, and its west slope, 5 to 7 feet. 

On the floor of this excavation, about 10 rods south from the railway, 
in the upper foot of the till or bowlder clay, under the gravel, numerous 
bones of a mammoth were found in the year 1884. These included a 
tusk 11 feet long and 9 inches in diameter (tapering to 6 inches at the 
smaller end, where it was broken off), three teeth, two vertebrrn, and 
several other bones. They were embedded in the top of the till, and 
the overlying beach formation bas yielded no bones, shells, or other 
fossils. 

Southward from this locality the Herman beach is double for a dis­
tance of about 4 miles. The secondary beach ridge east of that already 
described is similar in size and material. Its south end is in the west 
part of Sec. 19, T. 140, R. 53, a half mile east from the main beach, and 
it passes thence north-northeastward through Sees. 18, 7, and the east 
edge of Sec. 6, having an elevation of. 1,081 to 1,084 feet. It becomes 
merged with the main beach in theSE. i of Sec. 32, T.141, R. 53. Be­
tween these beach ridges is a depression, approximately 1,075 feet, 
partly occupied by a grassy slough, which is all used as mowing lane, 
having no area of water or bog. 

Herman beach, in the SW.-! of Sec.· 28, T. 141, R. 53, 1,094 to 1,096 
feet, not so distinct as usual, being intersected by Swan Ureek and 
having no well m·arked depression along its west side. Farther north 
in this section it is a ridge of the ordinary type, with its crest at 1,096 
to 1,098 feet. In Sec. 21 it is narrowed to 8 or 10 rods in width, but 
continues as a very distinct ridge with a slight ascent northward, from 
1,097 to 1,101 feet. Its east slope falls 15 to 20 feet in about 20 rods 
and there is a depression of 3 to 6 feet on the west. Thence a surface 
of undulating till, seeming nearly flat in a general view, rises gradually 
westward to about 1,150 feet at a distance of 2 or 3 miles. 

This beach ridge passes onward through Sec. 16 and the south part 
of Sec. 9, T. 141, R. 53, with an elevation of 1,095 to 1,100 feet; but, 
having been followed thus continuously in a north-northeast course for 
more than 15 miles, it ceases in the east part of this Sec. 9. Its north 
end abuts at 1,100 to 1,105 feet upon a terrace slope of till, which rises 
about 10 feet higher. This forms the east boundary of a slightly undu­
lating expanse of till, which thence gradually rises to 1,150 and 1,200 
feet in 2 to 5 miles west and northwest. From Sec, 9 northwarq t4rough 
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the east part of Sec. 4 and in the west edge of Sec. 34 and the west 
part of Sees. 27, 22, and 15, T. 142, R. 53, passing close east of Erie, the 
Herman shore of Lake Agassiz is marked by such a terrace or escarp­
ment formed by wave erosion, and the usual deposit of beach gravel 
and sand is absent. The base of the escarpment is at 1,095 feet, ap­
proximately, and it rises with a moderate slope 25 to 40 feet. 

About a half mile east of this escarpment, however, lies a broad low 
ridge of beach sand and fine gravel, having an elevation of 1,085 to 1,090 
feet. Its course is from the west part of Sec. 10 north-northeast through 
Sees. 3 and 34 and nearly due north through the east edge of Sees. 27, 
22, and 15. The descent eastward is more gentle than usual, falling 
only 6 to 10 feet in a quarter of a mile, beyond which is a flat area of 
till. On the west a depression 3 to 5 feet deep, partly occupied by a 
grassy slough, intervenes between this beach ridge and the wave-cut 
escarpment. On the north line of Sec. 15 the crest of the ridge is at 
1,092 feet; the depression west, 1,088; the base of the escarpment, 1,092, 
and its top, about 1,115 feet. 

Saint Paul, Minneapolis and Manitoba Railway from.Ripon to Port­
land, track at tank and section-house close south of Rush River, 1,096 
feet; at Erie, 2 miles farther north, 1,128 feet; summit, about 1 mile 
north of Erie, 1,133 feet; South Branch of the North Fork of Elm River, 
bridge, 1,083 feet; bed of creek, 1,064 feet; track at summit 1 mile 
north, 1,091 feet; at Galesburg, 1,081 feet; North Branch of the North 
Fork of Elm River, bridge, 1,078 feet; bed of creek, 1,065 feet; track at 
Cli:fl'ord, 1,057 feet. At Erie and westward the surface is prominently 
rolling till, which rises within 3 miles to a height 100 feet above the 
shore of Lake Agassiz. 

In Secs.10 and 3, T. 142, R. 53, the Herman beach is again well ex­
hibited in its usual character. On the north line of Sec.10 it is a gently 
rounded ridge of sand and gravel, with pebbles up to 2 inches and 
rarely 3 or 4 inches in diameter, half being limestone; its width is about 
20 rods; the elevation of its crest is 1,106 feet and the slopes fall10 
feet ·on the east and 3 feet on the west. For the next mile north ward, 
through the west part of Sec. 3, this beach ridge has a width of 10 to 15 
rods; its elevation is mostly 1,105 to 1,108 feet, with a depression 5 to 
7 feet deep along its west side; but in a few places the ridge itself is 
depressed to 1,099 feet. Passing northward this beach in the west half 
of Sec. 34, T. 143, R. 53, is a very smooth, gracefully rounded, wavelike 
swell, 30 to 40 rods wide, ·1,108 to 1,112 feet in elevation, rising 15 feet 
above its east base and having a depression of 3 to 5 feet on the west. 
A well in the NE.:! of the SW.! of Sec. 34, on the top of this beach, 
went through 12 feet of sand and gravel, going into till below. In the 
SW.! of Sec. 27, the beach continues with the same massive develop­
ment and nearly north course, its elevation being 1,111 to 1,115 feet. 
In the NW. -! of this aection it becomes a still broader deposit of gravel 
a}ld sand, a fourth to a third of a mile wide, with no depression on its 
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west side. Here its course is turned northwestward, entering theSE. i 
of ~ec. 21 with an elevation of 1,109 feet; but it seems not to be dis­
tinctly traceable farther. _About a half mile west of this beach a 
plateau of till, 1,125 to 1,128 feet above the sea, extends a third of a mile 
from southeast to northwest in the SE. i of Sec. 28; but for a mile south 
and west of this plateau and for 3 miles northwest the surface of 
slightly undulating till averages only 1,105 to 1,120 feet. 

The secondary Herman beach, already described in its course east of 
the Erie escarpment of till, continues northward with an elevation of 
1,095 feet, approximately, through the east half of Secs.10 and 3, T.142, 
R. 53, and Sees. 34 and 27, T. 143, R. 53. In Sees. 2!3 and 16 this beach 
turns in a gradual curve to the north west and west and its crest varies 
in height from 1,095 to 1,104 feet, being highest in or near the south­
east corner of Sec. 16. There it is a ridge of gravel and sand about 30 
rods wide, rising 10 to 15 feet above its northeastern l>ase and descend­
iug 6 to 10 feet on the south west to a near1y flat tract of moist mowing 
land fully a mile wide, with a height of 1,090 to 1,095 feet. Through 
Sees. 17, 8, and 5 it again curves to the northwest, north, and north­
northeast, having an elevation of about 1,100 feet. In the north half 
of Sees. 5 and 4, T. 143, R. 53, a smooth plain with sand subsoil extends 
a mile eastward from the east base of this beach ridge, descending in 
this distance from 1,090 to 1,075 feet. 

Continuation of this beach northward nearly through the middle of 
Sec. 32, T. 144, R. 53, 1,096 to 1,099 feet. It is a typical beach ridge of 
fine gravel and sand 8 to 10 feet above the land on its east side and 
having a descent of about 5 feet westward, beyond which the surface 
of undulating till rises in 1 or 1~ miles to 1,125 and in the next 2 miles 
to 1,175 or 1,200 feet. A half mile east from this beach and only 20 to 
30 rods west of the railroad, there is a parallel beach ridge of similar size 
and material, 1,090 to 1,092 feet. The former of these beaches, where 
it crosses the south line of Sec. 20, a fourth to a half mile west of Gales­
burg, is spread in a broad, nearly flat deposit which rises westward 
from 1,096 to 1,101 feet. On the west it is bordered by a depression 
about 8 feet lower. 

FROM GALESBURG NORTH TO LARIMORE. 

In Sec. 20, T. 144, R. 53, the beach is about a third of a mile wide, 
its higher western margin being at 1,097 to 1,102 feet. From its crest 
a slope descends first somewhat steeply and then slowly to -the amount 
of 20 or 25 feet in two-thirds of a mile eastward, having a subsoil of 
sand and very fine gravel to a depth of 5 to 10 feet, underlaid by till, 
as is shown by wells at Galesburg. Crest of this beach through the 
west ha1f of Sec. 17, 1,102 to 1,107 feet; in Sec. 6, T. 144, R. 53, where 
it is intersected by the North Bran<Jh of the North Fork of Elm River, 
and in Sees. 32 and 29, T. 145, R. 53, 1,115 to 1,125 feet, being 10 to 15 
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feet higher than on the south and north; in Sees. 20 and 17, about 1,110 
feet; in the southwest part of Sec. 8, 1,117 feet; westward through 
Sec. 7 of this township and through the northeast part of Sec. 12, T. 
145, R. 54, 1,112 to 1,117 feet. In the west part of Sec. 7 a slough 

· about an eighth of a mile wide, having an elevation of 1,100 feet, ap­
proximately, borders the southwest side of this beach ridge. On the 
line between Traill and Steele Counties, where the top of the ridge is at 
1,114 feet, it is a typical beach deposit about 25 rods wide, composed 
of sand and gravel, with pebbles up to 2 or 3 inches in diameter. Its 
course is due west, and the descent from crest to base on the south is 
6 or 8 feet and north ward 12 or 15 feet, beyond which a very gentle 
Blope sinks toward the northeast. A well on this beach, in the east 
edge of the NW. t of Sec. 12, T. 145, R. 54, went through sand and fine 
gravel13 feet, finding till below. Within a few hundred feet farther 
west the beach is interrupted for a distance of about 1 mile by an area 
of till some 15 feet lower, with no beach deposits. It reappears, how. 
ever, as a typical beach ridge of gravel and sand for a distance of three­
fourths of a mile in the NW. i of Sec. 11 and the NE. !-of. Sec. 10, 
having an elevation of 1,114 to 1,112 feet, with a slough on its south 
side 6 to 8 feet lower. 

Returning to the vicinity of Galesburg, a slightly higher beach, ap­
proximately parallel with the foregoing, remains to be traced. It becomes 
recognizable in the west edge of Sec. 20, T. 144, R. 53, where the border 
of the area of rolling till that extends thence westward bears occasional 
deposits of gravel at 1,115 to 1,120 feet. In the east part of Sec.1~ it is 
a well developed beach ridge of sand and fine gravel30 to 50 rods wide, 
with a depression on the west~~ to 6 feet below its top, which has an ele­
vation of 1,120 to 1,123 feet. The next half mile or more westward in Sec. 
18 is very smooth till, 1,120 to 1, 12j feet; but within one mile farther west 
prominent swells of till rise to 1,160 and 1,175 feet. Northward in Sec. 7 
this beach, continuing at 1,120 to 1,123 feet, is quite broad, without a dis­
tinctly ridged form, and is indented from the east by a large slough, 
whose elevation is approximately 1,100 feet, including several acres of 
water free from grass and rushes. Crest of beach in the SW. i of Sec. 
6, 1,122 to 1,126 feet. North Branch of theN orth Fork of Elm River 1,105 
feet, dry in summer, in a valley 15 to 40 rods wide. Beach through Sees. 
31 and 30, T. 145, R. 53,1,125 to 1,129 feet; and in the west half of Sec. 19, 
1,127 to 1,124 feet, sinking slightly from south to north. The farther 
course of this shore is not marked by continuous beach deposits; but, 
following the contour line of 1,125 feet, it must turn west in the SW. 1 of 
Sec. 18, T. 145, R. 53, and extend through Secs.13 to 16, T.145, R. 54, to 
the South Branch of Goose River. 

Highest ground crossed by road on the line between Traill and Steele 
Counties at the west side of Sec.18, T. 145, R. 53, 1,125 feet. 

Natural surface at the southwest corner of Sec. 3, T. 145, R. 54, a 
dozen rods west of the South Branch of Goose River, 1,104 feet. This 
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stream, about 1,070 feet, is 8 to 20 feet wide and mostly 1 to 2 feet deep. 
Its bottom land, 5 to 10 feet above this stage of low water, varies from 
20 to 100 rods in width and is inclosed by bluff's rising 30 to 50 feet, 
increasing in height southwestward. The valley has no timber, the 
largest wood growth being· willows 5 to 8 feet high and 2~ inches or 
less in diameter. With the aid of these, however, beavers construct 
dams and were living on this stream when this survey was made in 
1885, one of their dams then occupied being found by my assistant in 
the west edge of Sec. 10, T. 145, R. 54. 

Floor of Henry Bentley's barn in the south west corner of the SE. :! 
of Sec. 6, T. 145, R. 54, on the Herman shore of Lake Agassiz, 1,123 
feet. This is a moderate slope, ascending 10 or 15 feet, eroded in till, 
which from its top stretches westward about 2 miles in a nearly level 
expanse. From the south side of Sec. 6, such a low escarpment, with 
its top at 1,120 to 1,123 feet, extends due north, or a few degrees west of 
north, about 5 miles. 

E. W. Palmer's house, in the northwest corner of the SW.-! of Sec. 
2, T. 145, R. 55, 1,145 feet. Well here, 27 feet deep : soil and hard 
cemented gravel and sand, 2 feet; sand with occasional layers of fine 
gravel, 22 feet; and darker clayey quicksand, 3 feet, with water. 

This is on the west part, nearly at the crest, of an unusually high 
beach of this glacial lake, similar in elevation with the Milnor beach, 
farther south. Including its slopes, it has a width of 60 rods, the nearly 
flat crest being 40 rods across and in elevation 1,142 to 1,147 feet. The 
depression on the west falls about 5 feet. In the north part of Sec. 2 
the beach deposits have an irregular contour, not lying as usual in a 
continuous rillge; their highest portions vary from 1,145 to 1,152 feet. 
Southward from Sec. 2 this shore line is not marked by a continuous 
beach formation, but is interrupted by wide depressions where the sur­
face is till. Beach gravel and sand appear, however, in some amount at 
Mr. Thomas Ward's, in the southwest corner of Sec. 11, T. 145, R. 55; 
also, in the southwest part of Sec. 23, nearly 2 miles farther south. 
Within 1 to 3 miles west from these sections an area of undulating and 
rolling till rises to 1,200 and 1,250 feet. 

Near the middle of the nort.h half of Sec. 23, T.146, R. 55, the elevation 
of this beach is 1,142 to 1,144 feet. It is a ridge of gravel and sand, 
extending a quarter of a mile from southeast to northwest, with crest 
15 feet above the surface on each side. Toward the e{tst it descends in 
a long slope, but more steeply westward. In Sec. 14 this shore line 
curves westerly, the crests of its somewhat irregular beach deposits 
being about 1,135 feet, with a descent of 10 to 15 feet in 25 rods east. 
Through Sec. 11 they range from 1,135 to 1,147 feet, being highest in the 
SE. -!, where the descent eastward is 20 feet or more. These beach de­
posits are sand and gravel, with pebbles np to 1~ or 2 inches in diameter, 
massed in flattened hillocks or swells, mostly ridged lengthwise with the 
shore and occasionally inclosing hollows without outlet. The forma-

( 43!)) 



54 UPPER BEACHES OF LAKE AGASSIZ. [nutL.30. 

tion has a width of a quarter of a mile or more in its northward course 
through the west part of the east half of Sec. 11. An undulating sur­
face of till rises slowly to the west, while on the east a very smooth ex­
panse of till sinks slowly toward the Red River. 

Herman beach ridge, 30 rods wiJe, in or near the east edge of the 
SE.! of Sec. 2, T.14G, R. 55,1,125 feet. Irregular accumulatiOns of the 
higher beach a quarter of a mile farther west, approximately, 1,140 feet. 
These upper deposits and those described in the last two paragraphs 
seem to have been formed while the level of this margin of Lake Agassiz 
was held above its Herman stage by the barrier of the retreating ice 
sheet, still remaining unmelted within a few miles east, and by that of 
the high area on the south in Ts. 144 and 145, R. 54. 

Crest of the Herman beach, a definite ridge 25 to 30 or 40 rods wide, 
through the east half of Sec. 2, T. 14G, R. 55, 1,122 to 1,135 feet, 10 
to 15 feet above the land east and with a depression of 6 to 8 feet on 
the west. In the south part of Sec. 35, T. 14 7, R. 55, the beach ridge is 
merged in a flat~ eastwardly sloping area of sand and fine gravel at 
1,135 to 1,120 feet, un(lerlaid by till at the depth of a few feet. The 
beach ridge reappears in the north part of this Sec. 35 at 1,125 to 1,130 
feet. 

North Fork of the Middle Branch of Goose River, where it intersects 
the Herman beach in the southeast part of Sec. 26, T. 147, R. 55, ap­
proximately, 1,085 feet. Its bottomland is 30 to SO rods wide, bordered 
by bluffs rising 30 to 40 feet. 

Through Sees. 26 and 23, T. 147, R. 55, the Herman shore is marked 
by swells and flattened ridges of sand and fine gravel at 1,130 to 1,143 
feet, occnp:ying a width of an eighth to a third of a mile, with a depres­
sion of several feet along their west side. Four sloughs, elevation about 
1,120 feet, lie witbin the east part of these beach deposits, or on their 
east border, in tile SE. :i of Sec. 23. In the south part of Sec. 14, this 
massive but irregular beach has an elevation of 1,132 feet on the east 
side of a large slough. 

In the middle of Sec. 14, T. 147, R. 55, the beach assumes a definitely ­
ridged form and extends thus north ward along the east side of Golden 
Lake, which owes its existence to this barrier. Crest of beach, through 
the center and north part of Sec. 14, 1,132 to 1,137 feet; in Sec. 11, east 
of Golden Lake, 1,132 to 1,141 feet; and at Golden L~tke post 6ffice, in 
the east edge of the SW. ! of Sec. 2, 1,138 feet. An eighth of a mile 
north from the south end of this lake the action of its waves has eroded 
the greater part of the beach ridge. The material of the beach expose( I 
by an excavation near the post office is coarse gravel, with very abun­
dant pebbles up to 3 and occasionally 4 to 6 inches in diameter. 

Golden Lake, water July 28, 1885, 1,12:! feet above the sea; highest 
level reached by this lake in recent years, 1,138 feet. It is a beautiful 
sheet of water, 1! miles long and a quarter to a third of a mile wide. Its 
west shore is moderately undulating till, with the highest swells 20 to 30 
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feet above the lake. In a few places its grassed bluffs rise steeply from 
the water's edge 10 to 20 feet. Farther west the rolling surface of till, 
seen for a distance of 3 or 4 miles, rises to 1,225 or 1,250 feet. This 
lake has no trees on its margin, excepting two small cottonwoods, each 
about 25 feet high, on its northwest shore; bushes grow in several 
places, mostly on the east; but the greater part of the lake border, like 
al1 the surrounding country, is prairie. 

Beach ridge through the north part of Sec. 2, T. 147, R. 55, 1,138 to 
1,132 feet. In the south half of Sec. 35, T. 14S) R. 55, it has been mostly 
eroded by a lake which borders this beach on the east from the north 
part of Sec. 2 to the north part of Sec. 35, having a length of 1 
mile and a width of an eighth to a fourth of a mile. The elevation of 
this lake is 1,104 feet. It has no trcQs nor bushes, excepting a few wil­
lows 4 to 6 feet high near the middle of its west siuc, and is wholly sur­
rounded by hard grassy shores. Crest of beach west of the north part 
of this lake, 1,140 to 1,142 feet, and through the south half of section 
26, 1,137 to 1,142 feet, similarly bordered on the east by two lakelets, 
which have approximately the same height as the preceding, 1,104 feet. 
The land east of these three lakes is flat, 1,113 to 1,117 feet near them, 
with a very gentle slope descending thence eastward. 

More diffuse and irregular beach deposits in north to south swells and 
short massive ridges of gravel and sand, inclosing occasional hollows 
with no outlets, some of which hold small ponds and sloughs, extend 
from t.be north edge of Sec. 26 northward through the west half of 
Sec. 23, T. 148, R. 55, with an elevation of about 1,135 feet. The de­
pression on the west is some 5 feet lower and on the east there is a 
desccu t of 10 feet from the crest to the base of tile beach. Fingal's 
Creek in the northwest corner of section 23, where it intersects the 
beach, about 1,110 feet. Undulating and rolling till within 3 or 4 miles 
westward rises to 1,250 feet. 

Herman beach through the west part of Sec. 14, T. 148, R. uS, 1,142 
to 1,147 feet, being mainly a somewhat typical ridge, with short swells 
of beach gravel and sand on its east side 10 to 15 feet lower, inclosing 
lwllows, but few or no sloughs. Two lakes at 1,110 feet, approximately, 
lie close east of this beach ncar the center and in the NW.! of this sec­
tion. They are bordered on the east by land 10 feet higher, from which 
a very gentle descent sinks toward the Red River. 

Continuation of this beach ridge north ward through the east edge of 
Sec. 10, T. 14S, R. 55, 1,142 to 1,146 feet, 3 to 5 feet above the depres­
sion on its west side. On the east, three lakelets at 1,120 feet, approxi­
mately, lie in the west edge of the NW. i of Sec. 11, each being about 
20 rods long from south to north and 15 rods wide. Crest of beach 
ridge, 30 to 40 rods wide, extending nearly due north through the east 
edge of Sec. 3, 1, t44 to 1,150 feet; east base about 1,125 feet; depres­
sion on the west, 5 to J 0 feet, nearly level upon a width of 40 rods; be­
yond is an asceut of nndulatiug· and rolling till to 1,250 feet within 2 
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or 3 miles. In the SW. :1 of the SW . .1 of Sec. 36, T. 14!), R. 55, this 
Herman shore is marked by irregular swells and maRsive short ridges 
of gravel and sand, with occasional inclosed sloughs. This is succeeded 
by a half mile of the ordinary continuous single ridge, 1,147 to 1,150 
j'cct. 

Watercourse intersecting the beach near the northwest corner of 
Sec. 36, 'f. 149, R. 55, about 1,115 feet.; bottomlancl10 tv 15 feet higher, 
a tllird of a mile wide, bordered by bluffs rising about 25 feet aboYe it. 
Some portions of tbis creek are very shallow or dry, with scarcely any 
channel, but otber portions are pools 6 to 9 feet deep and 20 feet wide, 
extending 10 to 20 rods or more. 

Magnificent beach ridge, passing north-northwest through the east 
part of Sees. 26 and23, T.149, R. 55 (Lind), 1,147 to 1,150feet. A road, 
wbich was formerly an Indian trail, runs on its top here and for several 
miles northward. This beach is composed of the usual sand and gravel, 
thickly filled with pebbles up to 2 and rarely 4 inches in diameter. It 
forms a broad wavelike ridge, 30 to 40 rods wide, including the slopes. 
On its west side is a depression of 5 to 10 feet, 20 to GO rods wide, which 
is moist grass land, excepting a small reedy slough in the south edge 
of Sec. 11. Farther west undulating aml rolling till rises to 1,175 feet 
within a quarter or a third of a mile and attains a height of 1,250 to 
1,300 feet within 3 to 5 miles. On the east side of this upper Herman 
beach there is a very smooth slope descending 25 or 30 feet in as many 
rods. Next is a nearly level belt 20to GO rods wide, increasing in width 
from south to north, succeeded by a lower Herman beach ridge rising 
8 to 10 feet, with its crest at 1,127 to 1,130 feet, or 20 feet below the up­
pC'r beach. These parallel Herman beaches are very finely developed 
thus for nearly 6 miles, passing north through SBcs. 23, 14, 11, and 2, 
T. 149, R. 55, and the southwest part of Sec. 35, T. 150, R. 55. High 
portion of the upper beach in the south edge of Sec. 14, 1,153 feet, and 
depression west, 1,142 feet; crest onward through this section, 1,153 to 
1,149 feet. In the north part of Sec. 11 and the south edge of Sec. 2, 
it is a few feet lower, is irregular in height and outlines because of 
intersecting watercourses, and has a less continuous and shallower 
depression on its west side. In Sec. 2, however, both beach ridges are 
finely displayed, having the same contour as southward. Crest of up­
per beach in Sees. 2 and 35, 1,152 to 1,155 f~et; depression on the west, 
8 to 15 feet, partly occupied by a long slough. The northwest part of 
Sec. 35, in the course of these beaches, is lower smooth till, with no de­
posits of sand and gravel. 

Goose River, near the north line of the NW. i of Sec. 35, and the Lit­
tle Goose River, in the north part of Sec. 15, T. 150, R. 55, where they 
cross the ancient lake shore, are in valleys about 30 feet deep, eroded 
in till. Each consists of pools 5 to 7 feet deep and 10 to 20 feet wide, 
alternating with other portions so narrow that one may step across them. 

In the east part of the west bah of Sec. 26 and the south west corner 
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of Sec. 23, T. 150, R. 55, the upper Herman shore is offset a third of a 
mile east from the remainder of its course and consists of massive irregu­
lar swells of till, partly overspread with gravel and sand, 1,152 to ],160 
feet. Among th~m are hollows 4 to 6 feet deep without outlet, and 
their entire belt, a quarter of a mile wide, is crossed by depressions as 
low as 1,145feet. Through Sec. 22 this shore bears a typical beach ridge 
of ~and and gravel, 40 or 50 rods wiue, 1,157 feet, with depression of 10 
to 15 feet on the west; descent of eastern slope, 20 to 25 feet in 30 or 40 
rods. In Sec. 15 this upper beach, 1,152 to 1,157 feet, has a quite ir­
regular form, chiefly due to erosion by the Little Goose River and its 
small tributaries. It is again exhibited in its ordinary type through 
Sec. 10, being a ridge 25 or 30 rods wide, with crest at 1,155 to 1,157 feet, 
15 to 20 feet above its east base, and.with a narrow depression of 4 to 8 
feet on the west; through the west part of Sec. 3, T. 150, R. 55, and the 
west edge of the SW.! of Sec. 34, T. 151, R. 55, 1,157 to 1,159 feet, ex­
cepting gaps cut by small watercourses; and in the east edge of the 
NE. ! of Sec. 33, 1,154 to 1,157 feet. Thirty rods west from the north­
east corner of this Sec. 33, its elevation is 1,155 feet, with slopes de-
scending 12 feet eastward and 8 feet westward. · 

Lower Herman beach, a half mile to three-fourths of a mile east of 
the foregoing, in the west edge of Sees. 14 and 11 and the east edge of 
Sec. 3, T. 150, R. 55, 1,130 to 1,135 feet, from which there is a descent 
of 5 feet to its west base and 10 feet to the east. From the SE. i of Sec. 
34, T.151, R. 55, this beach passes northeasterly to Larimore. 

Upper Herman beach, a well defined ridge, running north through the 
east part of Sec. 28, T. 151, R. 55, 1,155 to 1,159 feet; thence north­
northwesterly through Sees. 21 and 16, 1,157 to 1,160 feet, and through 
the southwest part of Sec. 9, the northeast of Sec. 8, and the SE. :! ot 
Sec. 5, 1,157 to 1,162 feet. Where it is crossed by the Saint Paul, Min: 
neapolis and Manitoba Railway from Larimore to Devil's Lake, in the 
south part of the NE. ! of Sec. 5, its crest was 1,162 feet, 4 feet above 
the track, and it holds the same height for about 50 rods northeast­
ward. Two-fifths of a mile east from this . beach the railroad crosses a 
second beach deposit whose crest and the track are the same, 1,146 feet. 

SHORE WEST OF THE ELK AND GOLDEN VALLEYS. 

Through Sec. 32, T. 152, R. 55 (Elm Grove), the upper beach runs 
northwesterly, its elevation being 1,160 to 1,163 feet. Its material is 
coarse gravel, with pebbles up to 6 inches in diameter, in part accu­
mulated as a ridge 10 or 15 feet above the land at its base nortlleast 
and 5 to 8 feet above its south west base, and in part lying on the flank of 
swells of very stony till, the crests of which are only 5 to 10 feet higher 
than the beach. This till or morainic drift contains a multitude of 
granitic and limestone bowlders up to 1~ feet in diameter, but few or 
none of larger size. In the rolling till which, rises thence westward to 
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1,250 or 1,300 feet within 2 or 3 miles, arc many granitic bowlders up to 
5 feet or more in diameter, exceeding the usual proportion in the till of 
this region. 

In the north edge of Sec. 32 and the south part of Sec. 29, T. 152, 
R. 55, this beach is the terracelike border of a nearly level tract of saud 
and gravel an eighth of a mile or more in width, at an elevatiOn of 1,171 
to 1,173 feet. The bortlering slope is beach gravel, with its base at 1,155 
to 1,158 feet; but the slow descent thence eastward is till, somewhat 
eroded by wave action and having many small and large granitic bowl· 
ders up to 4 or 6 feet in diameter strewn on the surface or partially cov­
ered by the soil. In tl1e NE. -! of Sec. 30 this upper Herman beach 
is typically developed, being a gracefully rounded ridge of saud and 
gravel, 25 or 30 rods wide; crest, 1,165 to 1,166 feet; foot of eastern 
slope, 1,150 feet; dPpression west, usually 2 to 5 feet, beyond which is a 
slowly ascending area of smooth undulating till. 

Upper beach through Sec. 19, T. 152, R. 55, a low rounded ridge of 
sand and gravel about 25 rods wide; crest, 1,166 to 1,168 feet; base of its 
east slope on the north line of this section, 1,158. In the S \V. ! of 
Sec. 18, this beach is cut by the South Branch of the Turtle River; its 
elevation in this section south of the stream is 1,167 to 1,168 feet. There . 
is no considerable valley here and the creek runs only in spring or after 
unusual rains, being reduced to stagnant pools during the rest of the 
Jear. Within 2 miles southeast, however, it becomes a living stream, 
fl•d by almost ice-cold springs ; and thence to the secondary Herman 
bl:'ach, near Larimore, it has cut a valley 50 to 90 feet deep. 

Elm Grove, comprising about 5 acres, is on this creek, a third of 
a mile east of the upper Herman shore line, which continues uorth­
uol'th westward tllrongh the south west part of Sec. 18, T. 152, R. 55, awl 
the northeast edge of Sec. 13, T. 152, R. 56 (Niagara), to the west side 
of Little Elm Grove, 10 acres or more in extent, in the east part of Sec. 
12. Along this distance of 11- miles the surface presents a very favor­
aule slope, from1,150 to 1,200 feet elevation, on which a beach ridge or 
<lcfi uite beach deposits would usually be found well developed; but the 
wayes and currents of Lake Agassiz could not act very efficiently here, 
becau~e tl.lis area lay in the lee of islands and a wa ve-fm;med bar or 
beach several miles to the east, which are the eastern boundary of tl1e 
Elk Valley. Uousequently deposits of beach sand and gravel are scanty 
on the upper western shore of Lake Agassiz here and for 40 miles north­
ward along the extent of the Elk and Golden Valleys, east of which 
a narrow chain of islands and bars rose above the surface of La,ke A.gas­
r-;iz during its higllest Herman stage. Between the South Branch of 
Turtle UiYer and Little Elm Grove the beach formation consists only 
of a thin covering of sand and gravel spread on the sloping area of till, 
elevation from 1,1GO to 1,175 feet. Several of tho small grassy cbau­
uds eroded here, dry excepting in spring and times of excessh·e raiu, 
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are almost completely paved with stones up to 1 or 2 feet in diameter, 
but few stones occur upon the adjoining surface of till. 

From the Little Elm Grove the highest western shore of Lake Agassiz 
(consisting of a similar slope of till ascending gently westward, with 
inconspicuous deposits of beach gravel and sand, not accumulated in 
any distinct ridge, 'but probably recognizable almost continuously) ex­
tends northward through Sees. 12 and 1, T. 152, R. 56, and Sees. 31 and 
30, T. 153, R. 55 (Agnes), to th~ central part of Bachelors' Grove, which 
it passes through in the west half of Sec. 30. This grove borders the 
head stream of Turtle River for 1~ miles, with an average width of about 
a quarter of a mile, thus comprising approximately 250 acres. It is 
dense woods, chiefly elm and basswood in its east half, but nearly all 
bur oak for the west half. Much bur oak is also found along several 
miles of this stream next westward, but it is not seen from the margin 
of Lake Agassiz, being hidden in the valley, 40 to 50 feet deep, which 
the stream bas eroded in that area of undulating and rolling till. 

Surface at M. S. Wallace's bouse, in the middle of the west edge of 
Sec. 32, T. 153, R. 55, 1,146 feet. Bridge over the North Branch of 
Turtle River on the east line of theSE.! of Sec. 30, 1,150 feet; chan­
nel (dry August 5, 1885), 1,142 feet. There is no valley here, only a 
trenchlike channel in the flat expanse of Lake Agassiz, 8 feet deep. 

Herman beach, for the first mile or more nortlt from Bachelors' Grove, 
passing through the NW. -! of Sec. 30 and the west edge of Sec. 19, 
1,165 to 1,170 feet. This is mostly a well defined beach ridge, 20 to 30 
rods wide, composed of sand and gravel, with pebbles up to 2 inches 
in diameter. It rises slowly to a height of 10 or 12 feet above the fiat 
land on the east and is bordered on the west by a depression of 1 to 3 
feet, beyond which a smoothly undulating and rolling surface of till 
rises to an elevation of 1,200 and 1,250 feet at a distance of 3 miles. 
In the NW. :! of this Sec. 19 the beach deposit becomes complex, con­
sisting of several irregular ridges rising 5 to 8 feet above their bases, 
1,167 to 1,170 feet above sea level, with inclosed hollows, and the de­
pression close west occasionally sinks to 1,155 feet. 

Surface at Michael McMahon's house, 40 rods west from the center 
of Sec. 13, T. 153, R. 56 (Oakwood), 1,176 feet. Rounded hill of till a 
half mile northeast, about 1,205 feet; swells of till in the southwest 
part of Sees. 12 and 2, 1,195 to 1,210 feet. 

Tbrough these Sees. 13 and 12, the southwest part of Sec. 1, and in 
Sec. 2, T. 153, R. 56, to the grove on the north line of this section at the 
junction of the north and south branches of Lost Creek, and thence 
northeast and north through Sec. 35, T. 154:, R. 56 (Elksmount), the 
Herman shore, between 1,160 and 1,170 feet, is not marked by any con· 
siderable deposits of gravel and sand. Farther north this shore is dis­
tinguished not only by a noticeable change in the topographic features 
along a nearly level line at 1,170 feet, dividing the very flat area of the 
glacial lake from the uuuulating and rolling till on the west, but also 
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by occasional beach deposits. Through the south half of Sec. 26 a some­
what typical beach ridge of sand and gravel, 15 to 25 rods wide, with a 
depression of 3 to 6 feet on its west side, runs north and northwest, its 
crest being at 1,175 to 1,170 feet, declining from south to north. On 
the east its slope falls 5 to 10 feet in 10 to 20 rods; and thence a more 
gentle descent, with surface of sand and fine gravel, sinks to 1,155 feet 
\Vi thin an eighth of a mile. In the NW.-! of this Sec. 26 the beach ridge 
ceases and is succeeded northward by an expanse of nearly fiat till, 
which along the north line of this section sinks eastward from 1,175 to 
1,155 feet. 

Elk Valley, for 12 miles from Elm Grove and McCanna north to Forest 
. River, is nearly constant in elevation, which is 1,155 feet on its west 

border and 1,135 feet near its east side, its average width being about 
4 miles. 

Surfac~ at Frank Hamilton's house, in the center of the NE. i of Sec. 
15, T. 154, R. 56, 1,178 feet. 

Upper Herman beach, a definite and massive ridge of sand and fine 
gravel, 25 to 40 ro<ls wi<le, for a half mile south from the South Brauch 
of Forest River, in the west part of the NW.-! of Sec . . 14, T. 154, R. 56, 
1,173 to 1,178 feet, passing north and northwest, with a descent of 12 
to 15 feet on the east alHl a depression of 4 to 8 feet on the west. 

Beyond this branch of the Forest River, in tlie north half of Sec. 10, 
the beach ridge, similar in outline, with its crest at 1,174 to 1,179 feet, 
is the site of an abandoned rail way grade, on account of which its mate­
rial is well exhibited. It is saud and gravel, and three-fourths of the 
pebbles, mostly less than 2 inches in diameter, are dark gray slaty shale. 
Twenty miles to tlie south-southeast the same shale in small grains 
makes fully two-thirds of a stratum of sand that extends from 20 to GO 
feet in depth in the well at the Sherman House, Larimore. Pebbles of 
it were also observed in kamelike deposits of gravel and sand near 
Balaton, Lyon County, in Southwestern Minnesota. During the further 
exploration of the western sho~e of Lake Agassiz this shale was dis­
covered in place and is found to be the bed rock, of cretaceous age, 
which forms the conspicuous escarpment of Pembina Mountain, though 
even there it is generally covered and concealed by drift. 

Natural surface at the northwest corner of Sec. 3, T.154, R. 56, on the 
line between Grand Forks and Walsh Counties, 1,181 feet. 

The upper Herman shore passes north-northwesterly through this 
corner of Sec. 3 and the east part of Sec. 33, T. 155, R. 56 (Medford), to 
the Middle Branch of Forest River (farther east formerly called Salt 
River), which it reaches near the center of the east half of Sec. 28. It 
has only scanty deposits of beach gravel and sand, nowhere forming a 
ridge; instead, the surface is mctinly till, very fiat east ~f this shore~ 
but undulating or rolling westward. 

The South and Middle Branches of Forest River occupy valleys 25 to 
40 feet deep an<l 20 to 30 rods wide. Tiley are bordered with groves, 
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or at least a continuous line of trees, along the greater part of their 
course. 

In the NW. i of Sec. 28 and the west part of Sec. 21, T. H55, R. 56, the 
highest shore line of Lake Agassiz is very distinctly marked, at 1,183 to 
1,185 feet, by being the upper edge of a fiat slope of till, probably with 
scanty deposits of gravel and sand, which sinks 20 to 30 feet iu the next 
half mile eastward. Farther east, for the width of 3 or 4 miles across 
the Elk Valley, the surface elevation is 1,160 to 1,125 feet . 

. Just west of this shore line a knolly belt of morainic drift, bearing a 
marvelous profusion of bowlders, occupies a width of 25 to 50 rods, 
generally forming a single series of hillocks rising 15 to 30 or 35 feet. 
These are strewn with bowlders of all sizes up to 5 feet aiHl rarely 8 
feet in diameter, so plentiful that they cover a third or even half of the 
surface. A few masses of limestone were observed; but fully 99 per 
cent. of tlie bowlders are archean granite and gneiss. This is the most 
eastern portion of a semicircular moraine, which appears to have been 
accumulated on the eastern boundary of a lobe of the ice sheet during 
a pause in its retreat. From Sees. 21 and 28 this moraine continues, 
with nearly the same features, south and south west to the SE. ! of Sec. 
32, and thence west·southwest by Pilot Knob in the NvV. i of Sec. 5, T. 
154, R. 56, to the west side of Sec. 1, T. 154, R. 57, auu perhaps beyond. 
Its hills and knobs rise 25 to 75 feet above the general level of the ad­
joining smoothly undulating till, their tops being 1,250 to 1,300 feet 
above the sea. To the north, northwest, anu west U reaches, with sim­
ilar development, in a great curve convex to the northeast, along an 
extent of 5 or 6 miles, to a cluster of prominent morainic hills rising 
50 to 75 feet, situated in Sees. 2 and 3, T. 155, R. 57. This moraine 
matter was doubtless en glacial; among its multitude of both large and 
small rock fragments a half hour's search failed to discover any marked 
with strire or having surfaces planed by glaciation. On the west the 
area inclosed by this curving moraine is very smooth, only slightly 
undulating till, at 1,185 to 1,250 feet, ascending slowly westward. 

Another distinct morainic series, similar in its very knolly contour, 
in its material (excepting a larger proportion of gravel, half of which 
is the cretaceous shale before described), and in the great abundance of 
bowlders, nearly all granitic, branches from the preceding in the north 
part of Sec. 8, T. 155, H. 56, and sweeps northeast and north through the 
west half of Sec. 4, and thenee northwest and west through Sees. 32, 29, 
and 19, T.156, R. 56 (Vernon), and Sees. 13 to 16, T. 156, H. 57 (Norton), 
to a group of morainic hills about 75 feet high, a mile northwest of Galt 
post office. Between this curved moraine and the nearly parallel north­
ern part of the preceding, 4 miles distant to the south, the surface is 
very smooth undulating till, rising slowly toward the west. 

These moraines, with their east base at 1,185 to 1,170 feet above the 
sea, formed the west shore of Lake Agassiz at its highest stage for 
near!y 7 miles between the Middle and North Branches of the Forest 
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River. The :North Branch intersects this shore line near the center of 
Sec. 20, T. 156, R. 56, close to the southwest end of Ramsey's groves, 
which extend thence about a mile along this watercourse in the north. 
part of Sec. 20 and the SE. ! of Sec. 17. The stream in these sections 
has no valley, only a channel 20 to 30 feet wide and 10 feet deep. 

Elevation of road at the southeast corner of this Sec. 20, 1,177 feet. 
Golden Valley, on the north line of Sees. 4 and 5, T. 156, R. 56, 1,185 to 

1,195 feet, showing an ascent of 10 feet from east to west in its width of 
2 miles. About the same traHsverse slope, raising the west side of this 
valley 10 or 15 feet above its east side, is found along its whole extent 
of 20 miles or more, from the Middle and North Branches of Forest l~iver 
to the Middle and North Branches of Park River. In the north half of 
T. 156, R. 56, and thence north ward, the width of this valley varies from 

_ li miles to only 1 mile. It is flat and consists mainly of clay, free from 
gravel; but wells fin<l gravel intermixed with tlle clay, probably till, at 
a depth of a few feet, and about 20 feet from the surface they sometimes 
encounter a water-bearing stratum of gravel, chiefly made up of cre­
taceous shale. 

Natural surface at the southwest corner of Sec. 27, T. 157, R. 56 
(Garfielcl), 1,191 feet. Highest part of Golden Valley south of the 
South Branch of Park River, along the north line of Sees. 27, 28, and 
29, in this township, 1,199 feet on the east to 1,211 feet on the west. 
Surface at school-house on the west side of the NVV. i of Sec. 21, 
1,207 feet. 

South Branch of Park River at the Garfield bridge, near the middle 
of the north line of Sec. 21, 'r. 157, R. 56, 1,170 feet, approximately; 
bottomland about a quarter of a mile wide, 10 to 15 feet above the 
stream; crest of the south bluff risiug to the flat belt of the Golden 
Valley, 1,191 to 1,209 feet, ascending westward; of the north bluff, 1,189 
to 1,205 feet. 

Golden Valley, on the north line of Sec. 5, '.r. 157, R. 56, 1,195 to 1,205 
feet; 2 miles farther north, on the north line of Sec. 29, T. 158, n. 56 
(Lampton), 1,198 to 1,208 feet. In this northern part of the valley lim­
ited tracts of its flat area are strewn with abundant bowlders up to 2 
feet and less frequently 3 or 4 feet in diameter. They are probably 
where swells of till rose nearly to the surface of the water in this strait 
of Lake Agassiz, so that its fine portions were swept away by waves 
and currents, to be deposited elsewhere in the valley as clayey silt, leav­
ing the masses of rock which could not be thus removed. Approach­
ing the Middle Branch of Park River, the surface of Golden Valley 
continues very smooth and flat, but it ceases to have a continuous ascent 
from eaat to west, some portions along the center being depressed a few 
feet. Such a shallow hollow holds a slough about a mile long from 
south to north and a half mile wide in its broadest part, at 1,193 feet, 
extending from the north edge of Sec. 20 through the west part of Sec. 
17, T. 158, R. 56, in which a small area of water remains ~hroughou~ 
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the year. On each side of this slough and for miles south and north, 
this valley is a great bay meadow. 

The west border of the Golden Valley was the most western shore of 
l;ake Agassiz in its highest stage, but it is only very scantily marked 
by deposits of beach grayel and. sand, because of its sheltered position 
on the western and leeward side of this narrow strait. From the mid­
dle of Sec. 20, T. 156, R. 56, this shore line extends in a quite direct 
course a few degrees west of north 11 miles through the west part of 
Sees. 17, 8, and 5, in this township, Sees. 32, 29, 20, 17, 8, and 5, T. 
157, R. 56, and the east edge of Sees. 31 and 30, T. 158, R. 56. ]'or 
the next 3 miles, in the east edge of Sees. 19, 18, and 7, T. 158, R. 56, 
it rnns nearly due nortll. Thence it turns to a northwesterly course 
through Sec. 6 of this township, passing a mile west of Edinburgh 
post office and t:llrough Sec. 31, T. 159, R. 56. In this vicinity the 
Golden Valley terminates. 

Bushes and trees clothe the slope on the west side of the Golden 
Valley along its northern part, extending to the south line of T.158, R. 
56; but this ascent farther south, also the eutire extent of the Golden 
Valley, the drift hills forming its east border, and the vast plain of the 
R.ed l{iyer Valley, are prairie, excepting that narrow belts of timber 
border the water courses. 

SmootlJly undulating till rises slowly from the west side of the south­
ern part of tlle Golden VaHey; lmt in Sec. 30, T. 158, R. 56, rounded bills 
of till attain a height a.bou~ 100 feet aboYe the Yalley, or 1,300 feet above 
the sea. Thence north ward a smooth slope ascends 50 to 60 feet, or in 
some portions only 30 or 40 feet, within the :first quarter or half of a 
mile to the west, succeeded beyond by a moderately rolling surface with 
less ascent. 

A terrace of beach sand and gravel, containing pebbles and cobbles 
np to 6 inches in diameter, extends a third of a mile from southeast to 
11orthwest, with a width of 5 to 30 rods, in the NW. i- of Sec. 33, T. 158, 
R. 56, abutting on the west flank of the rolling and hilly deposits of till 
which make the cast border of the Golden Valley. It was formed by 
currents entering tllis strait of Lake .Agassiz from the north, eroding the 
bordering hills in the east edge of Sees. 20 and 29, and thence sweeping 
this sancLand gravel southward. It marks the highest stage of Lake 
Agassiz, having au elevatiOn of 1,213 to 1,195 feet, declining from north 
to south, and also sinking 1 or 2 feet from west to cast in its width of 
100 to 500 feet, being thus sliglltly higher along its verge than where it 
rests upon the adjoining hilly till. 

Natural surface at the quarter-section stake on the east side of Sec. 
8, T. 158, R. 56, 1,203 feet; at Edinburgh post office, near the center of 
Sec. 5, 1,202 feet. 

Middle Branch of Park H,iyer a half mile south of Edinburgh, approxi­
mately, 1,183 feet; crest of the south bank of the very small valley of 
this stream, rising to the fiat Goh1en Valley, 1,192 feet on the east to 
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1,215 feet on the west. The Golden Valley here shows thus a. trans­
verse ascent of more than 20 feet in its width of about 1 mile. On the 
north line of Sees. 5 and 6, T. 11)8, R. 56, the east edge of this valley has 
an elevation of 1,210 feet, and its west edge, 1,220 feet. About a half 
mile farther north, the height of this belt, where it is crossed by a tribu­
tary of the Middle Branch, is 1,2~0 to 1,235 feet, from east to west, being 
tllus above the highest level of Lake Agassiz. Elevation of this tribu­
tary at a. bridge of a road that runs very crookedly through bushes aml 
small woods in Sec. 32, T. 159, R. 56, 1,204 feet; and at a bridge a few 
rods north of the middle of the east side of Sec. 29, 1,175 feet. 

BEACIIES AND ISLANDS EAST OF THE ELK AND GOLDEN VALLEYS. 

Returning about 4.5 miles south to Larimore, we have yet to describe 
the beaches of Lake Agassiz and its islands of rolling and hilly till 
which divided the strait of the Elk and Golden Va.UeysinGrandForks 
and Walsh Counties from the main body of this glaciallake. 

Saint Paul, Minneapolis and Manitoba Railway track at Larimore, 
1,134 feet above the sea. 

The upper or first and the second Herman beaches before described, 
respectively 4! and 4t miles west of Larimore, are 1,162 and 1,146 feet 
above the sea. Third Herman beach, a third of a mile east of Larimore 
depot, crest, 1,133 feet; another beach belonging to the same stage of 
Lake Agassiz, a third of a mile farther east, crest, 1,134 feet, with de­
scent in thirty or forty rods east 11 feet, and in the same distance west 
9 feet. Fourth Herman beach, consisting of four small beach ridges 
crossed by the railway 1-2- to 2 miles east of Larimore, crests, 1,123 
to 1,118 feet, with intervelling hollows 3 to 5 feet deep. A nearly level 
tract reaches 4 miles westward from Larimore along the railway to 
Devil's Lake, averaging 1,130 feet and varying only 2 or 3 feet above 
and below this level. Beneath the rich black soil here and elsewhere, 
all about Larimore, are stratified sand and fine silt free from gravel. 
The beach ridges near this town are consequently composed wholly of 
sand, quite in contrast with their usually coarser material. 

Well at the Sherman House, Larimore, L. C. Neal, proprietor, dug 
20 feet and bored 40 feet lower: soil, 2 feet; fine sandy and clayey silt, 
without coarse sand, gravel, or stones, 5 feet; fine yellowish sand, 
with less clay, being mainly siliceous, 13 feet; and dark sand, very soft 
to bore through, two-thirds cretaceous shale in particles up to a twen­
tieth of an inch in diameter, 40 feet, with much water. Hard blue till 
was found at the bottom. This is the deepest well in the town. All 
the other wells are said to olJtaiu their supply of water at a depth of 
about 20 feet, in th-e upper part of this sand chiefly derived from shale. 
The origin and manner of deposition of these beds of sand and silt de­
serve further observations and study. 
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The beach seen two-thirds of a mile east of Larimore passes north and 
north-northwesterly through the east half of Sees. 7 and 6, T. 151, R. 
54, and the west half of Sees. 31 and 30, T. 152, R. 54, into the southea~t 
corner of Sec. 24, T. 152, R. 55. North of the South Branch of Turtle 
River it is not a typical ridge, but a series of massive rounded swells 
of sand 10 to 15 feet high, with their crests at 1,135 to 1,140 feet. 

A parallel beach ridge a third to a half mile west of the foregoing, 
mostly massive, with typical wavelike form, has an elevation of 1,vm 
feet close east of Larimore; 1,144 feet at a cemetery close north of the 
South Branch of Turtle River in or near the southwest corner of Sec. 31, 
T.152, R. 54; chiefly 1,137 to 1,140 feet in its course thence north-north­
westerly through Sees. 36 and 25, the west edge of Sec. 24, and the east 
half of Sec.14, T. 152, R. 55; 1,142 to 1,145 feet in the west half of Sec. 
11 and 1,143 to 1,147 feet in the east edge of Sec. 3 of this township. 
Along the west edge of Sec. 11, a duplication of this beach ridge, of the 
same massive size, lying a half mile farther west, extends a mile south 
from the North Branch of Turtle River, its crest being at 1,142 to 1,145 
feet; but thence southward the general elevation is about 1,130 feet to 
the tract of this height crossed by the rail way west of Larimore, except­
ing that the South Branch of Turtle River has eroded a valley 40 to 75 · 
feet deep. The distance of one and a half miles from Larimore north to 
this stream is a gradually descending smooth slope, but its northern 
bluff rises steeply to a height a few feet above that of Larimore. 

North Branch of Turtle River in the north half of Sec. 11, T.152, R. 
55, 1,085 to 1,075 feet; bottomland, an eighth of a mile wide, 10 to 15 
feet above the stream; crest of bluffs a quarter to a third of a mile apart, 
about 1,135 feet. 

Saint Paul, Minneapolis and Manitoba Railway at McCanna, 1,140 
feet; on bridge over the North Branch of Turtle River, 1,132 feet, 17 feet 
above t~e stream; summit, in the northeast corner of Sec. 22, T. 153, R. 
55, grade and natural surface, 1,164 feet; Orr, 1,098 feet. 

Lower Herman beach, running north westerly in the northeast part of 
Sec. 24, T. 152, R. 55, 1,127 to 1,128 feet, with depression of 2 to 3 feet 
on its west side; in Sec. 13, 1,127 to 1,132 feet; in the west part of Sec. 
12 and the northeast part of Sec. 11, 1,130 to 1,135 feet, being in these 
sections the easternmost in a succession of three beach ridges, the two 
others of which are 10 feet higher; at E. C. D. Shortridge's house, in 
the center of Sec. 2, 1,137 feet, forming a broad fiat swell of sand and 
fine gravei, with a depression of 3 to 5 feet on its west side; in the west 
part of Sec. 36, through Sees. 26 and 23, and the southwest edge of Sec. 
14, T. 153, R. 55, a continuous, well defined beach ridge, 1,140 to 1,149 
feet, with a descent of 10 to 15 feet on the east and a depression of 
about 5 feet on the west; in the east edge of the NE. ! of Sec. 15 and 
through the SE. i of Sec. 10, a deposit of sand and fine gravel, with nearly 
level top 20 to 30 rods wide, 1,145 to 1,149 feet, from which a slope falls 
~0 or 15 feet in 20 to 30 rodl3 eastward, w4i~e 9U ~b.e We§t it i~ bo~d~~~Q. '> 
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by a slough 5 to 20 rods wide, which is partly permanent water aml 
partly mowiug land. It is to be noted that the northern two-thirds of 
the beach here described for a distance of 8 miles corresponds in eleva­
tion with the two beaches close east of Larimore and their continuation 
110rth ward to theN orth Branch of Turtle RhTer, marking the third ITer 
man stage of Lake Agassiz; but that the southern part records asligbtl,v 
lower level of the lake, when it bad fallen about 10 feet, or to its fourth 
Herman stage. 

On the west side of this beach a smoothly undulating broad swell of 
till, which was an island in Lake Agassiz, lies in the west part of Sec. 
26 and the east edge of Sec. 27, T. 153, R. 55, with nearly level top 
of several acres, at 1,182 to 1,190 feet. An aboriginal burial mountl, 
raised 4 feet an<l 50 feet across, is situated on the highest part of this 
area, 15 rods east-northeast from the quarter-section stake between 
these-sections. Such localities, overlooking an extensive and beautiful 
panorama, were frequently chosen for this use, as is shown by many 
mounds on hill-tops and on the margin of blufl's bordering deeply eroded 
valleys throughout the Northwest. A lower tract of somewhat roughly 
rolling till, with plentiful bowlders, reaches a third of a mile south­
easterly from this swell to the south edge of Sec. 26. Thence a broad 
ridge of beach gravel and sand, llelouging to the second and third Her­
man stages of Lake Agassiz, with an elevu.tion of 1,153 to 1,151 feet, 
sin king south ward to 1,145 feet, extends south-southeasterly tlll'ough 
the east half of Sec. 35 and continues with the same course to Larimore, 
as before described. · 

North of this island the upper Herman beach is represented in the 
east part of the SE. t1 of Sec. 22 and in the west half of the S 'VV. ! of Sec. 
23, T. 153, R. 55, by a wide tract of gravel and sand deposits, in irreg­
ular ridges and swells rising 4 to 8 feet, mostly trending from north 
to south, with their crests at 1,164 to 1,170 feet. Next to the north it 
is a well defined beach ridge, with crest rising from 1,163 to 1,168 feet 
in its course of a half mile from south to north through the ea~t edge of 
the NE. i of Sec. 22. 

In the SE.;l of Sec. 15, T. 153, R. 55, the plain that descends slowly 
toward the Red River on the east is divided from the Elk Valley on 
the west by a low swell of till, having an elevation of 1,157 to 1,Hi0 
feet, destitute of beach deposits. This is succeeded in the north part 
of this section and the south part of Sec. 10 by a second island which 
rose above the highest level of the glacial lake, having a Iimgth of 1 
mile from south to north and averaging a quarter of a mile wide, its 
elevation in the S W.-! of the NE. i of Sec.l5 being about 1,187 feet, on 
the line between these sections about 1,175 feet, and near the center of 
Sec. 10, at the no1'th end of this irregular ridge, about 1,180 feet. Its 
material is till, partially overspread in its south half by gravel, which 
seems to haxe been brought by the currents and waves of Lake Agassiz 
from the erosion of its I).orthern portion. 
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The beach of Lake .Agassiz during its highest stage extenlls north 
from the north end of this island into the SW. i of Sec. 3, '1\ 153, H. 55, 
where it is a ridge about 20rods wide, with an elevation ofl,1G5 to 1,17~ 
feet, composed of coarse gravel and sand, inclosing plentiful rock fra6-
mcnts, chiefly granitic, of all sizes up to 6 inches in diameter, most of 
which are only slightly water-worn. Its eastern slope descends 1.3 to 
20 feet in as many rods, and on the west an equal descent takes place 
within 8 or 10 rods. The steep western slope of this beach or bar, fonn­
iug the east rim of the strait that filled the Elk "Valley, \Yas dne to storms 
on the broad lake, rolling its wa\CS upon the bar and carrying the sawl 
and coarse gravel upward and O\er its crest. Turning northwestward, 
this beach passes into the NE.! of Sec. 4~ where it consists of irregular 
accumulations of gravel and sand, occupying a width of an eigllth to a 
fourth of a mile, with their crests at 1,155 to 1,1G2 feet. In the nortll 
edge of Sec. 4 it again becomes a definite beach ridg0 of the same ma­
terial and contour as in Sec. 3, and thns p:1sscs northea~t nlHl north 
through Sec. 33, T. 154, H. 55, with its crest mostls· at 1,1G3 to 1,172 feet, 
its lowest .part, about 1,162 feet, being ncar the center of this section. 
The two islands before described, this beach or bar, and the lung bland 
next north ward are together commonly called ''The Ridge," beinJ tbc 
eastern limit of the Elk Valley, which averages 4 miles wiJe, 1,150 to 
1,140 feet above the sea in its eastern and central portions, but rising with 
a transverse slope to 1, 1GO feet on its western border. 

A third island aboYc tbe higllcst stage of Lake Agassiz, 3 mi1iCs long 
from south to north and a quarter to a half mile wide, reaches through 
the central part of Sees. 28 and 21, the west half of Sec. 1G, a11d int ,> 
the southwest corner d' Sec. 9, T. 154, R. 55. It is tiJI, witl! sorncwlwt 
uneven surface, bearing frequent bowlders. Highes~ points of this in 
S<.:cs. 28 and 21, 1,185 to 1,1!):3 feet; intervening gaps, about 1,170 feet; 
summit, ncar the center of the SW. i of Sec. 13, 1,::!:!.1 feet, and 10\n·r 
summit, about a half mile to the nortu, 1,213 feet, each bearing a ibt 
round earthwork about 1 foot higher; lowest depression.::; intenrening, 
about 1,195 feet; depressions in tbc northwest p::nt of Sec. 1C, 1, IS.) 
feot, and highest points in the south west curncr cf See. a, 1, I 94 anrll, l!).J 
feet. Beach deposils occur on the cast :fl.J.nk of this island i 11. Sec. 2 t 
at 1,155 to 1,165 feet, and from 1,155 feet a smooth slope of sand and 
fine gravel falls slowly eastward along the east side of this lligbland 
through the greater part of its extent. 

In the southeast part of Sec. 8, T. 154, R. 55, irregular accumula. 
lions of beach gravel, with crests at 1,170 to 1,17 5 feet, 10 to lu feet 
abo,·c the adjoining depressions of till, extend 11orth ward from the 
isl:lod just described; and in the north part of this Sec. 8 tbc beach 
sinks within an eighth of a mile from 1,172 to 1,161 feet and changes 
to a broad, smooth ridge, which thence passes north ward through Sec. 
5 of this township, in which it is intet'sected by the Forest Biver, with 
yalley a half mile wide and 60 to 75 feet deep, and through the west 
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half of Sec. 32, T. 155, R. 55, near the center of which it has three 
auoriginal mounds on its top. The material of this beach ridg43 is fi11e 
grasel and sand. Elevation of its crest on the line between Sees. 8 a11tl 
5, 30 to 40 roLls east of the quarter-section stake, 1,161 feet; an eightlt 
of a mile north, at the verge of tlw south bluff' of Forest River, 1,1J.) 
feet; for the first half mile from the bluff north of this river, 1,152 to 
1,157 feet; and at the mounds in Sec. 32, 1,156 to 1,159 feet. These 
rnoumls lie in a line bearing north-nortlleast; top of most southerly 
mound, 1,162 feet, about 6 feet above the adjacent ground; elevation of 
the middle one, some 20 rods away, 1,166 feet: and of the most northern, 
again about 20 rods from the last, 1,167 feet, each being 8 feet higher 
than its base . 

.Another beach ridge, 20 rods wide, with descent of 10 feet on each 
side in as many rods, formed during the same stage of Lake Agassiz, 
lies a half to three-fourths of a mile west frorn the foregoing, in the NE.! 
of Sec. 6, T. 15±, R. 55. This is the highest land between the main 
Forest RiYer and its South Branch. It consists of sand and fine gravel, 
of which a considerable proportion (about a sixt·h) is cretaceous shale. 
The maximum elevation of this ridge, 1,157 to 1,164 feet, is maintained 
for 50 or 60 rods, from which it sinks to 1,150 feet at each end. 

From the north side of Sec. 32, T.155, R. 55, an island of rolling· and 
hilly till aboYe the highest level of Lake .Agassiz, far larger than any 
of those alrP.ady described, extenus, with the exception of two short 
gaps, 20 miles northward, varying in wiuth from a half mile to a little 
more than 1 mile in its southern quarter and from1~ to 2~ miles through 
th~ remainder of its extent. This hilly tract, C:)mmonly denominated 
"the mountains," forms the east border of the Golden Valley. In the 
north part of Sec. 36, T. 156, H. 5G, it bas a depression to about 1,180 
feet, which probably was a strait of the glacial lake in its bjghcst stage, 
an eigllth of a mile wide and a few fec1 deep. Again, in the center of 
T. 157, R. 56 (Garfield), it is intersected by the South Branch of Park 
RiYcr, which has a valley a quarter to a half of a :r,nile wide and about 
75 feet deep. The stream, in its course of 1-2- miles through this belt, 
descends about 50 feet, from 1,1G5 to 1,115 feet, approximately. It 
seems almost certain that a depression slightly lower than the Golden 
Valley on the west originally extended across this rolling and hilly area 
where it is cut by this South Branch of Park River; but the erosion 
of its Yalley bas undermined and removed portions of adjoining hills 
and ridges, so that its inclosing bluffs now rise 50 to 100 feet, their high­
est points being about 1,225 feet above the sea, or 2u to 30 feet above 
the east edge of the Golden Valley. All these blufl's :-tml two plateaus 
left in the midst of the valley are till, yellowish nea.r the top and dark 
bluish l>clow. 

Elevation of '~the mountains" in their ~outhern and narrower portion, 
tllrough the west :part of T. 155, !{. 55, and the northeast corner of T. 

(454) 



tJPHAM.] HERMAN BEACH IN D.A.KOT .A.. 69 

1[JG, n. fJG, 1,1DO to 1,225 feet; through the east half of T. 156, R. 5G, 
1,200 to 1,200 feet; in tho south part of T.157, R. 5G, 1,200 to 1,~60 feet; 
and through the llorth half of this township and the south half of T.158, 
H. fJG, 1,200 to 1,270 feet, being higLe~t in Sec. 28 of the township last 
named, near the northcn.1 end of this hilly tract. 

Tho east border of ''tho mountains" in Sec. 20, T. 155, R. 55, fal1s 
somewhat steeply to about 1,135 feet, a.nd tlJCnco a flat ::,lope, with no 
beach ridges, sinks slowly eastw::trd. In the N\V. k of the NE. -l; of Sec. 
7 in this township a well defined beach ridge 10 to 15 rous wide, com­
posed of sand and gr::wcl, with pebbles up to 2 or 3 inclJCs in diameter, 
extends 25 rods south from an eastern spur of tlJO llilly till; crest of 
this spur, about 1,1Gtl feet; of the beacll, 1,172 feet~ with depres~ion of 
3 to 6 feet on the west. Irregular beach accumula.tionEl, 10 to 20 feet 
lower, continue southward nearly a half mile. Tho east half of Sec. G, 
T. 155, H.. 56, bas a descent of nearly 100 feet to about 1,100 feet. It is 
till, with no noteworthy beach deposits. No stream ha~:~ flowed tllrough 
the depression in Sec. 3G, T.156, R. 5G, and no considerable watercourse 
crosses the gentle slope of til1, overspread with much beach gravel at 
1,175 to 1,155 feet, which lies within tl1e next mile east. 

In Sec. 30, T. 156, R. 5G, the eastern border of tllis rolling and billy 
area falls 75 feet or more within a third of a mile, to about 1,100 feet. 
Its material is till, with scanty deposits of beach gravel an<l s::tnd, not 
distinctly accumubted in ridged form. About half way down this 
slope, it shows in some places a more abrupt escarpment, with steep 
descent of 15 or 20 feet. The same features continue through Sec. 1D, 
except that a series of distinct beach deposits is observable about 25 
rods east from the crest of the slope, at 1,170 t:o 1,175 feet, probably 
formed during the second Herman stage of Lake Agassiz. A little 
farther north, the upper Herman beach is probably represented, 15 to 
30 rods north-northeast from the southwest corner of Sec. 18, in a bank 
of coarse gravel at 1,182 feet, with a small coulee on its west side. A 
descent ot 1~5 feet takes place within a bc.1lf mile on tue east side of 
"the mountains," near where it is cut by a large but short ravine, in 
tl.te SE. -l; of Sec. 12~ T. 156, R. 56, falling fi'om 1,180 to 1,050 feet, approx_ 
i.mately, with no well marked shore lines observable. A grove lies at 
the east base of this . slope a third of a mile south of the ravine. In the 
NW. -.I of this Sec. 12 and the west edge of the SW.-! of Sec.1, a well 
developed beach, in part consisting of two parallel low ridges, l1as an 
elevation ot 1,170 to 1, 1.77 feet; and in the east edge of Sec. 2, continu­
ing northward, its elevation is 1,177 to 1,184 feet. Its eastern slope falls 
to 1,170 feet within 10 or 20 rods. Through Sec. 36, T. 157, R. 56, it is 
not very distinct; but 10 to 25 rods north from the quarter-section stake 
between Sees. 36 and 25 it is represented by a broad bank of gravel and 
sand, with crest at 1,187 to 1,190 feet, from which a slight depression 
falls 1 or 2 feet on the west. 
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Saint Paul, ~iuueapolis aud Manitoba Railway track at Park River 
depot, 998 feet; natural surface at the southeast coruer of Sec. 23, T. 
157, R. 5G, ou the road from Park River to Ga.rfielfl, 1,178 feet. 

Crest of the upper Herman Leach crossed by this road 10 rods west 
from tho poi11t named, 1, 1.')7 feet; same 20 rods southeast and northweHt 
from tlJe road, 1,192 feet; depression on tlJe west 3 to S feet and descent 
on the east 10 to 15 fee t in as many rods. This iH a typical beach ri<lgo 
of sa1Hl and gravel, with pebbles up to 2 or 3 iuehes in diitmeter, mo~tly 
limestoue ancl granite. The cretaceous sua.le Leforc mentioned is very 
rare in tLc till of "the mountains" and in the beaches formed along 
tl10ir enst si(lci, indicating that the east limit of this shale is the Pem­
bina :rtfount~dn ancl the western nscent of the Golclcm Valley, and that 
the glacial curre11ts by which the drift here was dnposite<l came only 
from the north and northeast, with no intermixture of currents from 
wc::;t of north. 

Highest beach on verge of south bluff of the South Bnt~wh of Park 
River, in theSE. i of Sec. 23, rr. 157, R. 56, 1,188 to 1,19.2 feet, with a 
basin shaped hollow on its west side 20 feet lower, which changes south­
ward to a deprc~sion of about 5 ft t>t. The Iin'r bluff is here frcRhly 
nudermincd, showing the depth of the beach sand atlll gra,vcl to be 5 to 
10 feet, lying ou tin. Lower Leach, a quarter of a mile farther east, ex­
tending from northwest to southeast, in the SW. i of Sec. 2-1, 1,167 to 
1,170 feet. 

Lower Herman beach, a massive ridge of gravel and sand, extending 
in a cnrvotl course convex toward the east from the NE. i of Sec. 2, T. 
157, R. 5G, throngh the southeast part of Sec. 35, T . 158, H. 56, crest, 
1,160 to 1,165 feet; tLrongh the northeast e(lgc of See. 3G and the south­
west corner of Sec. 25, 40 to 50 rods widP, with Rlightly undulating Stir­

face, l,lGO to 1,167 feet; near the middle of the east side of the SE. i of 
Sec. 2G, J, 165 to 1,166 feet; and at the quarter-section stake on the north 
side of this Sec. 2G, 1,163 feet. · 

Near the west line of Sec. 23, T. 15~, R. 56, two Herman beaches abut 
upon the east flank of the north end of "the mountains," and extend 
tlJence north-northwesterly 2 miles to the Midllle Brauch of Park Ri,·er. 
The eastern OJH', a well defined ridge of saud and fine gravel, passes 
close wer-;t of the quarter-section stake between Sees. 15 and 10. The 
elevation of its crest is l,JGl to 1,166 feet, with increase in height from 
south to north; the clesceut on the east is 15 or 20 feet in as many rods, 
aucl the depressiou on the west is 3 to 8 feet deep and 10 rous wide. 
The other beach ridge is 40 or 50 rods farther west, parallel with the 
preceding aJHl similar in form awl matenal1 its crest, rising slightlJ· 
north war(l, is at 1,173 to 1,176 feet. Another distinct beach ridge, but 
of R~naller sizr, rnns in a parallel course through the cast part of the 
SW.-! of Sec. 9, with its creHt at 1,185 to 1,187 ft>et. These appear to 
represent in succession the fourth, thit·d, and second Herman beaclles 
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of tho series observed northwest of Maple Lake in Minnesota and east 
aml west of Larimore. 

Upper Herman beach, northward from the north end of "the mount­
ains," forming in the NW. 1: of Sec. 21 and the west part of Sec. 16, T. 
158, R. 56, a massivA, broad ridge, composed of sand and gravel, with 
peubles up to 4 or even 6 inches in diameter, crest, 1,197 to 1,207 feet, 
rising highest northward, where the beach deposit overlies the eastern 
slope of a wavelike swell of till that rises to 1,212 feet. Small beach 
ridge, belonging to this stage, in the east edge of the SE. ! of Sec. 8, 
1,202 to 1,207 feet. Surface at Evan Ed wards's house, in the west part 
of the SvV. ! of Sec. 9, 1,197 feet, consisting of sand and gravel of this 
beach to a depth of 10 feet, underlaid by till, yellowish in its first 6 feet 
and dark bluish below. Summit of a smoothly rounded hillock, probably 
till, bnt having few or no bowlders, in the east edge of the NE. i of Sec. 
8, about 1,230 feet; train of beach gravel and sand extending thence 30 
rods southward, 1,217 feet, with descent of 15 or 20 feet on each side. 

Continuing beyond the Middle Branch of Park River, this highest 
beach is well developed in a broad ridge rumiing due north through the 
west part of Sec. 4, T.158, R. 56, with its crest at 1,202 to 1,208 feet. On 
tho east the surface falls 30 or 40 feet, and more slowly beyond, while 
toward the west a descent of 10 feet is succeeded by a fiat surface of 
till, which rises slowly from the foot of the beach ridge to a swell, 1,215 
to J ,225 feet, a half mile away, forming the east boundary of the Golden 
Valley. This beach is sand and gravel, with pebbles up to 6 inches in 
diameter. .About half of them are limestone; nearly all of the remain­
der are archean granite, g;neiss, and schists; scarcely 1 in 200 is creta­
ceous shale. Through the west edge of Sec. 33, T. 159, R. 56, the ele­
vation of this excellent beach ridge is 1,202 to 1,205 feet, and in the 
southwest edge of Sec. 28 and. the middle of the east edge of Sec. 29, 
l ,202 to 1,197 feet, decreasing in height and size northward. For a half 
mile through the SW. i ~f Sec. 33, a slight secondary beach ridge, 4 to 9 
feet lower, lies about 30 rods east from the foregoing; its crest is at 
1,198 to 1,195 feet, sinking a few feet from south to north; it is divided 
fmm the higher beach by a continuous depression about 3 feet deep. 

Very massive beach ridge, composed ofsandandgravel, with pebbles 
all(l rock fragments, the largest only slightly water-worn, up to 6 inches 
in diameter, passing a few degrees west of north through the center of 
Sec. 20, T. 159, R. 56, crest in the south half.of the section, 1,208 to 1,215 
fePt; in the north half, 1,215 to 1,223 feet. On the east is a descent of20 
t~ 30 feet within 25 to 40 rods, and on the west 10 or 12 feet from the 
highest part of th~ beach within 10 rods to a nearly level area of till, 
J ,211 feet, which sinks 40 rods farther west to a long slough, about 1,205 
feet, parallel with the beach and one-sixth of a mile wide. ·Beyond 
this an undulating surface of till, partly covered with bushes and small 
trees, rises to 1,250 or 1,275 feet within 2 miles, and then in smooth mass­
ive swells to 1,450 or 1,500 feet within the 11ext 2 to 4 miles. These wre 
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part of a plateau, thence rising more slowly westward, whose boundary 
for the next 50 miles or more to the north and northwest is the conspie­
uous escarpment called Pembina Mountain. 

The north end of this massive beach bears on its crest an artificial 
embankment 100 feet long from east to west and 20 feet wide, raised ~ 
feet above the natural surface, its top being 1,225 feet above the sea. 
This is 10 rods south from where the beach is cut to 1,210 feet by a wide 
gap, as of some ancient watercourse. In the south edge of the SvV. t 
of Sec. 17, T. 159, R. 56, on the south bank of the North Branch of Park 
River, about 10 rods east from the ford of the ''Half-breed road," this 
beach has an elevation of 1,220 feet. 

North Branch of Park River at this ford, 10 to 15 feet wide and a 
few inches deep, 1,203 feet. Surface at Garder, a mile east, 1,175 to 1,170 
feet. Lower Herman beach, passing from south to north along tbe 
east side of Sees. 20 and 17, T. 159, R. 56, a third of a mile west of 
Garder, about 1,185 feet. 

FROM GARDER - NORTH TO THE TONGUE RIVER. 

Sees. 17, 8, and 5, T. 159, R. 56, rise from 1,190 and 1,200 feet on their 
east side to 1,220 and 1,225 feet on the west, including, therefore, the 
upper Herman shore of Lake Agassiz; but they present no considerable 
deposits of beach gravel and sand. A swell of till, sprinkled with very 
abundant bowlders, nearly all archean granite and gneiss, up to 5 
feet in diameter, extends from south to north across the liue between 
Sees. 8 and 5, having its crest at 1,215 feet, from which there is a steep 
descent of 10 or 12 feet to the west. Sloughs and pools of water, per- · 
manent through the year, lie in the west part of Sec. 5, about 1,190 feP,t 
above the sea. 

The South Branch of Cart Creek in Sees. 31 and 32, T. 160, R. 56, is 
bordered by a belt of timber a half mile wide ;.but it has only a small 
channel a few feet below tbe general surface and is dry through the 
greater part of the year. Its alluvial gravel, like that of the Middle 
and North Branches of Park River, is mostly cretaceous shale, derived 
from the gorges eroded in this rock at the sources of these streams in 
the Pembina lVIountain. 

Along the western border of Lake Agassiz here and north ward into 
Manitoba extends a prominent wooded bluff, the escarpment of a tree­
less plateau which from its crest stretches with slow ascent westward. 
This escarpment, commonly called the second Pembina mountain, is 
a very marked feature in the topography for at least 50 miles. It is 
caused by the outcrop, mostly oversprea!l by glacial drift, of a continu­
ous belt of nearly horizontal cretaceous shale, several hundred feet 
thick, usually so hard a11d enduring that it is popularly termed "slate." 
Its course coincides nearly with the west line of ':cs. 1fi9 and 160, H.. 56. 
Thence it continues in an almost straight course, a few degt·ees west of 
north, through Sees. 31 and 30, T. Hn, R. 56; Sees. 24, 13, 12, and 2, T. 

(458) 



tlPH.AM.) HERMAN DE~t\.CII IN DAKOTA. 73 

161, R. 57; Sees. 35, 26, 22, 15, 10, 9, and 4, T. 162, R. 57; Sees. 33, 28, 
21, 16, 9, and 4, T. 163, R. 57; and Sees. 33, 32, and 29, T. 164, R. 57, 
to the international boundary, beyond which it soon turns more to the 
northwest. The base of the ascent is about 1,225 feet above the sea 
and its crest approximately 1,500 feet, northward to the Pembina IUver, 
beyond which the base sinks to 1,150 and 1,100 feet and the cre8t to 
1,400 and 1,300 feet. The width occupied by the slope varies from a 
quarter to a half of a mile. 

Natural surface at the quarter-section stake on the north side of Sec. 
32, T. 160, R. 56, 1,178 feet above the sea. Sees. 32, 29, and 20 of this 
township are mostly till, smoothed by this glacial lake, the depressions 
having been filled by leveling down the higher portions, where many 
bowlders partially embedded testify to considerable erosion. A broad 
ridge of beach sand and fine gravel, 3 to 5 feet high, extends from south 
to north through the center of Sec. 29, its crest being at 1,180 to 1,132 
feet. This is the third in the series of four Herman beaches observed 
near Maple Lake,. near Larimore, and in T. 158, R.. 56. The higher 
beaches are probably also recognizable 1 to 1-!!_ miles farther west, 
near the base of the "second mountain," which is 1,220 to 1,230 feet 
above the sea; but it is impracticable to trace their c~urse and deter­
mine their exact elevation, because woods reach from the base of this 
escarpment a half mile east, where these beaches belong. 

Fourth Herman beach, a broad low swell of sand and gravel, extend­
ing north-northwesterly through the east half of Sec. 20, T. 160, R.. 56, 
1,166 to 1,172 feet; through Sees. 17 and 8, an eighth to a quarter of a 
mile wide, 1,161 to 1,173 feet, having in some places a depth of at least 
10 feet, as shown by wells. On the north line of Sec. 20 and again in 
the north part of Sec. 17, it is ir1tersected by branches of Cart Creek, 
which occupy vallej'S abont 40 feet deep and an eighth to a quarter of 
a mile wide. Brush and scattered trees grow in these valleys and on 
the area between them. Toward the east a descent of 30 or 40 feet is 
made within the first half mile; westward there is only a slight ascent, 
to about 1,200 feet, in 1 mile; then a more considerable slope, covered 
with woods, rises 20 to 40 feet to the base of the "second mountain," on 
or near the township line. 

In the west part of Sec. 8 and again near the northeast corner of 
Sec. 6, T. 160, R.. 56, this beach is intersected by the headstreams of 
"\Villow Creek, in valleys about 35 feet deep. On the north line of Sees. 
5 and 6 of this township, the fourth and third Herman beaches are 
werged in an undulating tract of gravel and sand a half mile wide, 
which rises from 1,160 feet on the east to 1,184 feet on the west. A wen 
on the west part of this belt found the beach deposit 6 feet thick, un­
derlaid by till, which forms the slightly ascending surface next west. 

Base of second Pembina Mountain in the east half of Sec. 31, T. 161, 
R.. 56, 1,235 at the south to 1,220 feet northward, coinciding nearly with 
the upper Herman shore of Lake Agassiz. William Crombie's well, 24 

(459) 



74 UPPER BEACHES OF LAKE AGASSIZ. [BULL. a9, 

feet deep, near the center of Sec. 30, situated about 50 feet above the 
Tougue River, a few rods l>ack from the verge of its north bluff, was 
soil, 2 feet; gravel, nearly all cretaceous shale, 8 feet; underlaid by 
gravel, nearly all grauite and gneis3, with scarcely any intermixture of 
shale, containing pebbles and cobbles up to 4 inches in diameter, 14: feet, 
yielding a permanent supply of water. ·fhis well is close to the base of 
the "mountain," at an elevation of about 1,230 feet. Its bed of g~anite 
gravel appears to be the upper beach, the overlying shale gravel being 
a delta deposit brought by Tongue River. 

Surface at Young post office, in the northeast corner of the SW. ! of 
Sec. 32, T. 161, R. 56, 1,192 feet. The well here, 14 feet deep, is wholly 
stratified gravel and sand, l>ei.ng a beach deposit of the second and 
third stages in the Herman series. Third beach, about an eighth of a 
mile east of Young post office, a broad ridge of sand and fine gravel, 
a few feet above the land on its we~t side, crest, 1,187 feet. Fourth and 
lowest Herman beach, of similar form with the last, but larger, running 
a few degrees west of north through the west edge of Sec. 33, 1,173 to 
1,175 feet, with depression of 1 to 5 feet on its west side and descent 
of 25 feet within 30 or 40 rods east. About a third of a mile east 
from the crest ~f the last is another parallel beach ridge, belonging to 

· the Norcross stage of th1s glacial lake. 
Tongue River at bridge near the center of the south half of Sec. 28, 

T. 161, R. 56, about 1,110 feet; bottomland, 10 feet higher; top of bluffs, 
about 1,150 feet. Gavin's Creek in the south half of Sec. 20, about 1,140 
feet; vaUey 40 feet deep, a sixth of a mile wide. 

Lowest Herman beach, a massive ridge of sand and fine gravel, in the 
NE. ! of Sec. 29 and the east part of Sees. 20 and 17, T. 161, R. 56, 
1,175 to 1,180 feet. 

DELTA OF THE PEMBINA RIVER. 

The largest tributary to the Red River in Dakota is the Pembina 
River, which has cut a valley about 40U feet deep and a mile · wide in 
the plateau of the second Pembina Mountain. During the recession 
of the ice sheet this stream appears to have been much larger than 
now, being the outlet of glacial lakes in the basins of the Souris 
and Assiniboine Rivers.1 From the bend of the Souris, or Mouse River, 
eighteen miles southwest of its mouth, the river discharging the waters 
of these lakes ran southeasterly to the Pembina River. Pelican Lake, 
eleven miles long from north west to southeast and about a mile wide, 
occupies a part of the channel of this stream; and a distinct water-. 
course of similar width, called Lang's Valley, eroded 150 to 200 feet 
below the general level, extends eleven miles between this lake and the 
Souris River. The highest portion of Lang's Valley is 1,364 feet above 

1 Ninth Annual Report of the Geological and Natural History Survey of Minnesota, 
p. 34:?; au' 1 Hi nil's Report of the Assini boi ne and Saskatchewan Exploring Expedition, 
1!:359, pp. 118 and 16B. 
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the sea, aud is bordered by bl111Is that rise 1 GO fed. It i::; a eltauuel 
siwilar to tlmt of Lakes Travercie and Big Stone aud Brown's Valley, 
eroded by the River Warren. The delta deposited in the mLLrgiu of the 
glacial Lake .Agassiz by the Pembina River, thus swollen by a great 
affluent from the llH'lting ice fields beyond tlw present limits of its basin, 
exteuds twelve miles from south to north and has a maximum width of 
seven miles, with a maximum thickness exceeding two hundred feet. 
About five sixths of this delta of fifty square miles or more lie south of 
the Pembina River, reaching nearly to the Tougue River. 

Its elevation in the northwest part of Sec. 17, T. 161, R. 56, is 1,200 
feet; thence northward it rises slowly in two miles to 1,225 feet in the 
east part of Sec. G; and in Sees. 31 and 30, T. 1G2, R. 5G, it varies from 
1,220 to 1,227 feet. From this crest of the southern part of the delta it 
slopes slowly east and northeast to 1,080 and 1,0!)0 feet at its easteru 
border, in Sees. 25, 24, and13, which coincitles nearly with the ea!::lt liue 
of this T. 162, R. 56. Deep valleys, with frequent tnbntary ravines, 
ha\e beeu eroded iu it by several small streams. West ward the delta 
reaches to the b~se of the "secoud mountain," the belt a half mile to 
one mile wide next beyond the crest, only ahout 5 feet lower, lwi11g 
a very :flat, beautiful prairie, which rises slowly, like the crest, from 
south to north. The elevation of this belt in Sec. 18, T. 161, R. 5G, is 
1,190 to 1,195 feet, and at Mr. Henry Goff's lwm;e, in the miudle of tlJe 
east eug-e of Sec. 36, T. 162, R. 57,1,221 feet. Farther west there is au 
ascent to about 1,240 feet at the base of the "second mouutaiu." vVells 
on this area penetrate only beds of sand and gravel, easy to dig an(l 
needing to be curbed to prevent caving. .A large proportion, probably 
half, of the graYel is cretaceous shale. Water is obtained at deptlls 
varying from twenty-five to sixty feet. 

Natural surface at the northwest corner of Sec. 30, T.162, R. 56, 1,2~7 
feet. 

The part of the Pembina delta thus far described is divi(led from its 
central and higher part by a depression about a mile wide, throug'L 
which a portion or the whole of the river flowed during much of the time 
in which this delta was formed. In the southwest corner of Sec.1S, T. 
162, R. 5G, this depression is 1,205 feet a hove the sea, being 20 feet lower 
than the area on the south. It extends eastward with a slow descent 
and lises westward to 1,215 feet close east of the LitlJe Pembina River 
in Sec. 15, T. 162, R. 57. This stream flows through the escarpment of 
the "second mountain" in the SE. -!of Sec. 22, about a mile south from 
this lowest part of the divide on its east side. It there turns abruptly 
from its eastern course and thence :flows north-north west along the base 
ofthe "second mountain" toitsjunction with thePembin~~River; thus 
leaving the depression just described, which would S(~em to be its more 
natural course, and taking in its stead a channel that is eroded through 
a portion of the delta 50 feet higher. 
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Tile lllost elevated point of this delta, as it now remains, is about l,:.!itl 
f<:' ~t above the sea, near the northwest corner of Sec. 11, T. 16~, l~. 57, 
<·ast of the Little Pembina and south of the Pembina River, nmtrly 300 
ft>et above the junction of the8e streams, 1-k miles distant toward the 
110rthwest. Sec.12 of this township and the west part of Sec. 7, T. 1G2, H. 
fiG, slope from 1,225 on the south to 1,215 feet on the north; their south· 
< rn part is the highest land crossed between the depression before men­
tioned and the Pembina River by the line dividing these townships. 
'Jlie level of Lake Agassiz in its highest stage here was 1,220 or 1,32:3 
fh_•t above the sea, being 50 feet below the top of the Pembina delta, as i~ 
slwwu by the beach line of this level, 1,226 feet, in the central part of 
111i8 Sec. 7, where an eastward descent begins. This is the east verge of 
the nearly flat area of the delta in Sees. 12 and 7. Like all of this vast 
delta deposit, the material here is sand awl gravel, covered by a fertile 
soil. A small proportion of the pebbles of this gravel is limestone; a 
large part is cretaceous shale; but more was derived from archean 
formations of granite and gneiss. 

Secott<l Herman beach, a ridge of the usual form, crossed by the road 
near tlw east side of the N E. :! of Sec. 7, T. 162, R. 56, descending from 
1,212 feet to about 1,200 feet in a distance of a third or half of a mile 
from south to north. 

William Hoadhouse's well, 110 feet deep, in the NW. l of Sec. 9, T. 
162, It. 56, at elevation of 1,184 feet, is all stratified sand and gravel, 
with pebbles up to 6 inches in diameter, fully half cretaceous shale. 
Water comes in coarse sand at the bottom, filling the lowest 2 feet. 
Another well of the same description, but 137 fl·et deep, is a mile far. 
t her east, at Wellington Stewart's bouse, in the S W. :1 of Sec. 4, 1,192 
feet above the sea. 

Crest of the first Pembina mountain in the north part of Sec. 33, T. 
1 63, R. 56, nearly two miles southeast from Walhalla, a few rods west 
from the summit on the Olga road and 5 feet higher, 1,19() feet. 
This is a beach accumulation, belonging to the third Herman stage. On 
the west and soutJhwest the undulatiug delta plateau, mostly covered 
with bushes and occaAional trees, is 10 to 30 feet lower for a width of 
1 to 1~ miles, a\·eraging about 1,175 feet. 

N ortbeast from the crest of the Olga roa<l a short descent is made to 
a, prairie terrace 30 to GO rods wide, varying in elevation from 1,182 
to 1,16!) feet, but mainly within 2 feet above or below 1,175. In gen­
eral the verge of this terrace is its lowest portion. Thence a very steep 
descent of 16!) feet is made on the road from 1,173 to 1,oo4 feet, this 
being the very conspicuous wooded escarpment called the" first mount­
ain." It is the eroded front of _the great Pembina delta, the eastern 
part of which, originally descending more moderately, has been swept 
away by the waves and shore currents of the ancient lake during its 
Norcross, Campbell, and McCauleyville stages. From the north part of 
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this Sec. 33 the "first mountain" extends southeast to Sees. 13 and 24, T. 
162, R. 567 before mentioned, and northwest across the Pembina River, 
passing close southwest ofWalhalla awl onward to Sees. 10 and 3, T. 163, 
R. 57. Its highest part is intersected by the Pembina River, abo,·e 
which it rises on each side in bluffs of gravel and sand 200 to 250 feet 
high, with their crests a half mile to 1 mile apart.l 

Surface at Bellevue Hotel, Walhalla, 994 feet above the sea; at the 
post office, Mr. G. D. Loring's store, 968 feet; Pembina River, at the 
bridge, a third of a mile east of Walhalla, 934 feet. 

Highest part of the Pembina delta north of Pembina River, in Sees. 
25 and 26, T. 163, R. 57, 1,210 to 1,230 feet, rising slowly from east to 
west; in the west half of Sec. 26 and the east edge of Sec. 27, it is de­
pressed to 1,225 and 1,220 feet; but beyond this it rises to 1,235 and 
1,240 feet, next to the foot of the "second mountain." From t,his upper 
portion the delta slopes down gradually toward the northeast and 
north, extending only 2 to 4 miles beyond the Pembina River. 

Natural surface at the quarter-section stake on the north side of Sec. 
26, T. 163, R. 57, 1,191 feet. 

Third Herman beach, crest 5 rods south of this stake, 1,197 feet, from 
which there is a descent in 5 rods south to 1,192 feet and in 15 rods north 
to 1,180 feet. This beach curves thence to the north west and north, and 
in the opposite direction runs east-southeast 2 miles to near the center 
of Sec. 30, T. 163, R. 56, where its elevation is approximately 1,192 feet. 
Other shore lines of the Herman group were not noticed north of the 
Pembina River. 

In the gravel of this delta, as seen in the bluffs of Pembina River 
near Walhalla and at noteworthy springs 2 miles to the south, on 
the south side of the river in the southwest corner of Sec. 32, the peb­
bles of some beds are mainly cretaceous shale, of others mostly lime­
stone, and of others granite, gneiss, and dark trappean rocks. In the 
aggregate, these three classes have a nearly equal representation. 
White quartz and moss agate are frequent and bits of silicified wood 
occur rarely; but no banded agates were found. Numerous pieces of 

1 The first Pembina mountain was visited by D. D. Owen in 1848. He describes it 
as follows: "Pembina Mountain is, in fact, no mountain at all, nor yet a hill. It is 
a terrace of table land, the ancient shore of a great body of water that once filled 
the whole of the Red m,·er Valley. On its summit it is quite level and extends so 
for about five miles westward to another terrace, the summit of which I was told is 
level with the great buffalo plains that stretch away towards the Mi::>souri, the hunt­
ing grounds of the Sioux and the half-breed population of Red River."-Report of a 
GeolQgical Survey of Wisconsin, Iowa, and Minnesota, 1852, p. 178. 

Both the first and second Pembina mountains were examined in 1857 by Palliser, 
who says of the flat Red River Valley and the Pembina delta: "This plain, no doubt, 
had formed at one time the bed of a sheet of water, and the Pembina Hill, consisting 
of previously deposited materials, was its western shore."-J ournals1 det~iled reports1 
~c- 1 rre6ente<l tq f~rlt~ment, 19th May, 1863, p. 41, 
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lignite, rounded by water wearing, from 2 to 4 inches in diameter, no. 
tieeu in tltis delta gravel at the springs, have caused some to look for 
workable beds of this kind of coal in the vicinity ; but the proportion 
of tltese fragments is no greater than in the glacial drift gen~rally 
throughout this region and for hundreds of miles to the south. 

Sarface at tlte iron post set on the international boundary on the north 
side of the fractional Sec. 27, T. 16!, R. 57, about a quarter of a mile 
east from the line between Sees. 27 and 28, 1,018 feet above the sea; 
top of this post, 1,022 feet. 1 

Smooth surface of till on tlle top of the" second mountain" in theSE. 
! of Sec. 32, 'r. 1G!, R. 57, 1,268 to 1,311 feet above tL1e sea; sh<tllow 
lakelet in the S W. :l of this Sec. 32, 30 rods long from north west to 
southeast, 1,309 feet; natural surface of the northeast corner of Sec. 6, 
T. 163, R. 57, 1,321 feet. 

Base of~' Heart Mound," 2 a peculiar hillock of cretaceous sllale, with 
very steep sides and smoothly rounded top, situated near the ceu tcr of 
this Sec. 6, T. 163, R. 57, about 1,360 feet; and its top, about 1,390 feet. 
Some have erroneously supposed it an artificial mound. Glacial drift, 
containing grauitic bowlders up to 4 or 5 feet in diameter, thin Iy covers 
its northeast side; but the other sides and crest of this knob show very 
clearly that it is an outlier of the cretaceous beds that form higher laud 
about a mile westward, and, indeed, make the whole length of the second 
Pembina Mountain, being left thus isolated from tile surrounding area 
by erosion. 

The lowest exposul'e of this shale observed is 3~ miles south from 
Heart Mound, at the "fish trap," a rude weir of brush and poles, on t be 
Pembina River, in the northeast corner of the NW.-! of Sec. 30, T. Iu:J, 
H,, 57. Here the river falls 7 ~ feet in 40 rods, its elevation being est.i­
mated about 1,050 feet. The south westeru bluff rises steeply from the 

1 The section on the boundary within the next 2 miles west is uescribed by Dr. G. 
M. Dawson as follows: ''The eastem front of Pembina escarpmen tis very O.i"tinctly 
terraced, and the summit of the plateau, even at its eastern edge, thickly covered 
with drift. The first or lowest terrace, which is about one-third from the pndrw lovel 
toward the top of the escarpment, * "" * does not seem to preserve exactly the 
same altitude. On the boundary line its height above the general prairie level was 
found to be about 90 feet; a second terrace, 260 feet; and that of the third lev{'], or 
summit of the pla.teau, about 31)0 feet. The surface of the first terrace, which is here 
wide, is strewn with bowlders, as is also that of the second terrace and plateau above. 
These are chiefiy of Laurentian gneiss and granite, but a few smaller ones of lime­
stone occur. The banks of raviues cutting th(} top of the plateau and draini:;g 
westwartl into the Pembina River show, in some places, a gTeat thickness of ligi1t. 
colored, yellowish, marly drift, with few bowlders embedded in it."-Report on the 
Geology and Resonrcesoftbe Region in the Vicinity of the l!'orty-ninth Parallel, from 
the Lake of the Woous to the Rocky Mountains, 1875, p. 219. 

2 Commouly called byEnglish-speaking _people in Hs vicinity "The Incl ian Mound,'' 
but more properly named as above, in acconlauce with the usage of the French voya. 
geurs and immigrants, who, probably translating the aboriginal name, call this mound 
;~.nd the a,rea of prairie around it La Baie du Camr. 
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£sh trap to a beight of 150 feet, and at the time of my visit, in August, 
1885, was newly exposed by slides, being shown to be a hard, fissih•, 
dark gray shale, nearly horizontal in stratification to a height of 100 
feet, capped by glacial drift. In the shale, crystals of selenite, 2 or 3 
inches long, are frequen.t, and the same mineral occurs in its crevices 
and seams. No fos~ils wercfounu; but the formation may be with con­
fidence referred to the cretaceous series, ancl with mueh probauility to 
its Fort Pierre subdivision.1 The thickness of this shale, seen at the 
IIcart Mound and the fish trap of Pembina Rh·er, is at least 300 or 400 
feet; but it probably exceeds this, for there is no indication that these 
exposures mark its upper and lower limits. Its eroqed eastern edge 
forms the long, high escarpment of the second Pembina Mountain, as 
tlle eroded border of the Pembina delta forms the almost equally notable 
"first mountain." Till, or bowlder clay, containing frequent granitic 
bowlders, up to 5 or even 8 ft•et in diameter, covers the shale, so that it 
is rarely seen excepting in the sections cut by streams. 

1 This reference has been confirmed during the field work of 1886 by the discovery, 
in the shale at this locality aud iu its cont.inuation southward on the heallstrearns 
of Park River, of Scai1hitesNicolletii (Morton), Scaphitesnodosus (Owen), Baculiles oval.lts 
(Say), anu Bacnlites compressus (Say); two species of Inoceramus, ooe of which is I. 
altus (Meek), or near that species, besides other lamellibranchs not yet ir1cntifie(l; 
and the teeth of fishes, apparently Pachyrhizodnslatimentum (Cope) and Lamna mudgci 
(Cope), or a smaller species., with a vertebral bone, perhaps belonging to one of these. 
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ADVERTISEMENT. 

[Bulletin No. 40.] 

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 (If operations, geological 
and' economic maps illustrating the resources and classification of the la.nds, 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 cotered 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. 

Of the Annual Report!~ there have been already published: 
I. First Annual Report to the Ron. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.-A 

preliminary report describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880-'81, by .r. W. Powell. 

1882. 8°. lv, 588 pp. 61 pl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1881-'82, by .r. W. Powell. 1883. 

so. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by .r. W. Powell. 1884. 

so. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by .r. W. Powell. 1885. 

8° . xxxvi, 469 pp. 58 pl. and maps. 
The Sixth and Seventh Annual Reports are in press. 

MONOGRAPHS. 

Of the Monographs, Nos. II, m, IV, V, VI, VII, VIII, IX, X, and XI are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutt.on, Capt. U. S . .A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10;12. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Pril!e $1.50. 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi . 464 pp. 151. 

29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 

1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by .Toseplr S. Curtis. 1884. 40, xiii, 200 pp. 16 pl. 

Price $1.20. 
vm. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, 298 pp. 24 1. 

24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibr~nchiata of the Raritan Clays and Greensand Marls of New .Jersey, 

by Robert P . Whitfield. 1885. 4°. xx, 338 pp. 35 pl. Price $1.15. 



ADVERTISEMENT 

X. Dinocerata. A Monograph of an Extinct Orcler of Gigantic Mammals, by Othniel Charles Marsh. 
1885. 4o. X> iii, 243 pp. 56 l. 56 pl. Price $2.70. 

XI. Geological History of Lake Lahontan, a Quaternary Lake of North,vestern Ne-vada, by Israel 
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. Price $1.75. 

The following is in press, viz: 
XII. Geology and Mining Industry of Leadville, with atlas, by 8. F. Emmons. 1886. 40, xxix, 

770 pp. 45 pl. and atlas of 35 sheets folio. 
The following are in prepara.tion, viz: 
I. The Precious Metals, by Clarence King. 
- Gasteropoda of the New .Jersey Cretaceous and Eocene Marls, by R. P. Whitfield. 
-Geology of the Eureka Miuing District, Nevada, with atlas, by Arnold Hague. 
-Lake Bonneville, by G. K. Gilbert. 
-Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. 0. C. Marsh. 
- Brontotheridre, by Prof. 0. C. Marsh. 
-Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
- The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, hy Roland D. Irving. 
- Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
-Description of New Fossil Plants from the Dakota Group, by Leo Lcsquereux. 
-Report on the Denver Coal Basin, by S. F. Emmons. 
- Report on Ten-Mile Mining District, Colorado, by ~- F. Emmons. 
-Report on Silver Clifl Mining District, by S. F. Emmons. 
- Flora of the Dakota Group, by J. S. Newberry. 

BULLETINS. 

The Bulletins of the Survey will contain such papers relating to the general purpose of its work as 
do not properly come m1derthe heads of Annual Reports or Monographs. 

Each of the>~e Bulletins contains but one p:tper a11!l is complete in itself. They are, however, num· 
bered in a continuous series, and may be united iuto volumes of convenient Rize. 1.'o frwilitate thifl, 
each Bulletin has two paginations, one proper to itself anll another which belongs to it as part of the 
volume. 

Of this series of Bulletins Nos. 1 to 40 are already published, viz: 
1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with 

a Geological Skd"h of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 I>P· 2 pl. Price 10 cents. 
2. Gold and Silver Conversion Tables, giving the coining values of troy OU1lCCS of fine metal, etc., hy 

.Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents. 
3. On the Fossil l!'aunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County, 

New York, to Bradford County, Pennsylvania, by HenryS. Williams. 188!. 8°. 36 pp. Price 5 rents. 
4. On Mesozoic Fossils, by Charles A. White. 1884. so. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by llenry Gannett. 1884. 8°. 325 pp. 

Price 20 cents. 
6. Elevations in the Dominion of Canada, by .J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A catalogun of geolo~ical maps of America (North allll South), 

1752-1881, by .Jules Marcou and .John Belknap Marcou. 1884. 8°. 184 pp. Prien 10 rents. 
8. On Secondar.v Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving ancl C. R. 

Van ITise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 
9. Report of work done in the Washington Laboratory during the fi'3cal year 1883-'84. F. W. Clarke, 

chief chemist; T. M. Chatarcl, assistant. 1884. 8°. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary studies, by Charles D. Walcott. 1884. 

so. 74 pp. 10 pl. Price 5 cents. 
11. On the Qnaternary :mel 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. Gil· 
bert. 1884. 8°. 66 pp. 6 pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. S0 • 

~H pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of the several States and Territories, by llenry Gannett, 

1885. so. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barns and Vincent 

Stroubal. 1885. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. S0 • 

33 pp. Price 5 cents. 
16. On the higher Devonian Faunas of Ontario County, New York, by .John M. Clarke. 1885. 8°. 

86pp. 3 pl. Price 5 cents. 
17. On the Development of Crysta.llization in the Igneous Rocks of Washoe, Nevada, by Arnold 

Jlague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 cents. 
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18. On Ma1·ine Eocene, Fresh-water Miocene, ancl other Fossil Mollusca of Western North America, 
by Charles A. ·white. 1885. 8°. 26 pp. 3 pl. Price 5 cents. 

HI. Notes on the Stratigraphy of California, by George F. Becker. 1885. so. 2S pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille­

brand. 1SS5. S0 • 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1SS5. so. 16 pp. 5 pl. Price 

5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White. 1S85. 8°. 25 pp. 5 pl. Price 

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

Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1S85. so. 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, by William H. Dall. 1SS5. 
so. 336 pp. Price 25 cents. 

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. go, S5 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 1SS5. 8°. 107pp. PricelO cents. 
27. Report of work done in the division of Chemistry and Physics, mainly during the fiscal year 

1884-'85. 1S86. S0 • SO pp. Price 10 cents. 
2S. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, Md., 

by George H. Williams. 1SS6. S0 • 7S pp. 4 pl. Price 10 cents. 
2!). On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. ISS6. 

S::>. 41 pp. 4 pl. Price 5 cents. 
30. Second contribution to the studies on the Cambrian Faunas of North America, by Charles D. 

Walcott. 1S86. S0 • 36!) pp. 33 pl. Price 25 cents. 
31. A systematic review of our present knowledge of Fossil Insects, including Myriapods and Arach­

nids, by Samuel H. Scudder. 1S86. S0 • 128 pp. Price 15 cents. 
32. Lists and Analyses of the Mineral Springs of the United States; a preliminary study, by Albert 

C. Peale. 1886. S0 • 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by Josf'ph S. Diller. 18S6. S0 • 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other woups, by Charles A. White. 18S6. S0 • 54 pp. 5 pl. Price 10 cents. 
35. The Physical Properties of the Iron-Carburets, by Carl Barns and Vincent Strouhal. 1SS6. 8°. 

62 pp. Price 10 cents. 
36. Subsicl<>nce of fine Solid particles in Liquids, by Carl Barns. 1SR7. 8°. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1S87. S0 • 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentucky, by Joseph S. Diller. 1SSi. S0 • 31 pp. 1 pl. Price 5 

cents. 
3!). The Upper Beaches ·and Deltas of the Glacial Lake Agassiz, hy Warren Upham. 1887. S0 • 84 

pp. 1 pl. Price 10 cents. 
,_W. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1SS7. 8?. 

10 pJ). 4 pl. Price 5 cents. 
Numbers 1 to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, Vol. 

ume III; Numbers 24 to 30, Volume IV; Numbers 31 Lo 36, Volume V. Volume VI is not yet complete. 
The following are in press, viz: 
41. Fossil Faunas of the Upper Devonian-the Genesee Section, by HenryS. Williams. 
42. Report of work done in the division of Chemistry anrl Physics, mainly during the fiscal year 

18115-'80. F. W. Clarke, chief chemist. 
43. On the Tertiary and Cretaceous Strata of the 'J'uscaloosa, Tom big bee, and Alabama Rivers, by 

Eugene A. Smith and Lawrence C. Johnson. 
In preparation: 

Historic statement respecting geologic work in Texas, by R. T. Hill. 
The Nature and Origin of Deposits of Phosphates of Lime, by R. A. F. Penrose, jr. 
Ribliography of North American Crustacea, by A. W. Vogdes. 
The Gabbros and associated rocks in Delaware, by F. D Chester. 
Report on Louisiana and Texas, by Lawrence C. J obnson. 
Bibliography of North American Geology for 1886, by Nelson H. Darton. 
On the subaerial decay of rocks and the origin of the red color of certain formations, by Israel 

C. Russell. 

STATISTICAL PAPERS . 

.. i fourth series of publications, having special reference to the mineral resources of the Unitei:i 
States, bas been undertaken. 

Of that series the following have been published, viz: 
Mineral Resources of the United States [1882], by Albert Williams, jr. 18S3. 8°. xvii, 813 pp. Pric6 

50 cents. 
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Minora! TiesonrceR of tl1e United States, 1883 and 1884, by Albert Williams, jr. 1885. so. xh·, 11116 
pp. }'rico GO couts. 

Min oral Resources of the Unito<l States, 1885. Divisiou of Mining Statistics and Tochuolol!y. 18R6. 
so. vii, 576 pp. Price 40 cents. 

Iu preparation: 

- Mineral Resources of the United States. 1885. David 1'. Day. 

Correspondence relating to the publications of tho Survey, and all remittances, which must bo by 
POSTAL NOTE or HONEY ORDEn (not stamps), should be addressed 

To 'l'IIE DmECTOlt ov THE 

UNITF:D STATES GEOLOGICAl. SUHVI(Y, 

W ASBINGTOK, D. C., April 30, 1887 ·w A<;mNoToN, n. c. 
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CHANGES IN RIVER COURSES IN WASHINGTON TERRITORY DUE TO 
GLACIATION. 

BY BAILEY WILLIS. 

Drainage lines in Eastern Washington Territory are broadly charac­
terized by an aspect of youth, but they are divisible, according to age, 
into preglacial an<l postglacial channels. The general slope of the 
region presented in Plate I is southward; such streams as the We­
natchie, Methow, Okinakaue, and San Puel strike the eye as members of 
a possibly consequent and unmodified system, determined by processes 
of subaerial erosion only. Of these, the last named alone enters the 
area of the volcanic flow of the Columbia River plain; the other valleys 
are carvecl upon the older surface of granite and crystalline sedimentary 
rocks. These valleys are also broader and more advanced in their de­
velopment than the canon of the Columbia, which crosses their direc­
tion nearly at right angles, and, cutting through the northern corner of . 
the great flow from the Spokane River to the Okinakane, meanders 
along the contact of the basalt with the granite thence to the Wenatchie. 
The sudden north westward turn of the rhrer at the Spokane and its 
relation to the western limits of the eruptive rocks suggest that its 
course was determined by southward and by northward and westward 
volcanic flows, as indicated by arrows on Plate I, the line of least ele­
vation of the cooleu surface having lain near the edge, i. e., at the 
contacts of different coulees and of the earlier rocks with them. 

If this be true, an older Columbia Valley lies beneath the great plain, 
and the converging lines of its watershed should be elsewhere apparent 
outside the area of the flow. Such channels are found traversing the 
Cabinet Mountains, but they are no longer occupied by the greater 
rivers. The Clark's Fork., below Lake Pend d'Oreille, the Columbia, 
from Kettle Falls to the Spokane, fiow through clean cut, rock bottomed 
canons, parallel with v~lleys of equal depth, gentler declivity, and wider 
expansion, such as those of Colville, Vermilion, and Pack Rivers. The 
suggestion lies close at hand that the latter belonged to the older sys­
tem and are sections of valleys now overflowed by basalt in their lower 
courses. Their abandonment by the great rivers is the result of the 
much later causes of the glacial period, when valleys were .filled with 
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drift and rivers were driven to seek new channels across the lowest 
gap in their watersheds. 

Through the kindness of Prof. T. C. Chamberlin I am able to give 
here the unpublished results of his observations of the glaciation of the 
region about Lake Pend d'Oreille. 

The rugged crest of the Cabinet Mountains northeast and northwest 
of the lake is traversed by a depression a mile wide, known as the Pack 
Hiver or Kootenay Pass. Gentle slopes descend northward to Bon­
ney'~ Ferry and southward to the lake; the broad valley of the Koo­
tenay extends far into British Columbia on the one hand and the level 
gravel plains of the Spokane spread in the opposite direction. 

The Kootenay enters upon its placid northward flow from a canon 50 
miles long, one of the deepest and most abruptly walled of the North­
west; the Clark's Fork also descends to Lake Pend d'Oreille by a 
canon and leaves it to traverse another, so wild that no one has passed 
through it. Of these channels, that of the ancient river, which flowed 
northward or ~'Juthward thruugh Pack River Pass, is certainly very 
much the oldest. During the ice age it was occupied by a glacier, 
which, descending from the north, filled the basin of Lake Pend 
d'Oreille and spread its moraine before the valleys on either hand. 
The lakelets that lie along the base of . the Rocky Mountains are the 
products of its morainal dams, and from it sprang the great gravel 
stream of the Spokane and the Cceur d'Alene plains. Roches mou­
tonnees and glacial strire are abundant in Pack River Pass and about 
Lake Pend d'Oreille, but they are wanting on the surfaces of volcanic 
rocks about Spokane Falls, and there is no evidence that the ice reached 
so far. 

Professor Chamberlin was not equipped for trips into less accessible 
districts; the western limits of this glacier are therefore undetermined, 
but the facts observed by him in the vicinity of Lake Pend d'Oreille 
are paralleled elsewhere in Northern Washington Territory, and similar 
topographic conditions suggest analogous causes. 

The first instance of this kind is found in the open valley of the Co­
lumbia, above Kettle Falls, and its southward continuation in the valley 
of Colville River and Chamokane Creek, which contrasts with the canon 
now followed by the Uolumbia below Kettle Falls. This wider valley 
is now occupied by these two small streams, of insufficient volume or 
fall to remove the gravel over which they flow, and much less able to 
cut the channel which should carry a great river. They are separated 
only by a divide of gravel, terraced by erosion, and do not touch bedrock 
throughout their courses. The Colville River flows through marshes; 

-Chamokane Ureek has a swifter current, but is much smaller. It is 
apparent that a large river once flowed south or north through this 
channel and that of the Columbia above Kettle Falls, and it may be 
inferred that the valley was occupied by a glacier, as was that of the 
Kootenay, and that with the retreat of the ice the postglacfal Columbia 
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River was forced by a drift dam across a low divide into its present 
course. On Plate I are given the elevations bearing on this problem, 
as determined barometrically by Mr. Louis Nell, then of the Northern 
Transcontinental Survey, in mapping the area east of the Columbia and 
north of the Spokane River. 

Another north and south depression of preglacial age is now occu­
pied by Curlew Creek, which is said to rise in a rolling gravel plain, 
and which flows northward to Kettle River. The elevation of the 
divide at its head was found by United States engineer officers of the 
Department of the Columbia to be about 2,500 feet; that of its mouth 
is about 1, 700 feet, as determined by aneroid, compared with Spokane 
Falls. This broad, gently sloping valley is gravel floored, and the older 
stream had cut a deeper channel than the present one. Curlew Creek 
flows over but a short section of the older valley, but there is little 
known evidence to trace the latter in either direction. The course of 
Kettle River toward it is ~own a precipitous canon, which is more open 
below its northeastward turn. Analogy with other great valleys of the 
region would suggest that the Upper Kettle River was but a tributary 
of the former stream, which flowed southward to and under the locus of 
Curlew Creek. 

Still another deep channel, now drift filled and abandoned to small 
sluggish streams, extends from Miner's Bend, on the Similkameen 
River, southward (Plat~s II and III). It presents three sections, two 
of which terminate with open passe!:!, leading eastward to the Okina­
kane. The northern division, from Miner's Bend to Wagon Road 
pass, is a comparatively broad valley, a strip of marsh and lake be­
tween steep mountain slopes. The terraces on its sides are continuous 
with others, which cling to the walls of the Similkameen Canon below 
Miner's Bend, and they extend southward to the Three Pools, where 
they merge into the highest portion of the drift filling. 

The second section, that between Wagon Road pass and Fish Lake, 
is a drift clogged canon, with abrupt granite walls of considerable height; 
its northern half presents a very gentle northward slope. From the 
Three Pools southward the drift surface is dotted with kettle-holes. Ter­
races again appear on the slope of the mountain northeast of Fish Lake 
and close the entrance of the pass, which trends eastward. The waters 
of Fish Lake are held by a gravel dam, from beneath which a small 
stream escapes into the very narrow and crooked upper channel of the 
southern portion. The descent from Fish Lake is very rapid and is 
strewn with bowlders of large size. After passing a very deep and 
narrow pool three-fourths of a mile long, into which the brook sinks, 
the valley opens out between limestone bluffs and drift terraces, and 
ends abruptly in a cui de sac at the head of Johnson Creek (Plate III), 
the further continuation, whether southwestward or southeastward, be­
ing now completely filled. 
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There can be no question that the canon described is an old subaerial 
channel, very probably traversed by the Similkameen. One possible 
interpretation of the facts is that a glacier descended the valley and 
discharged through the several low passes eastward. In the several 
stages of its existence and retreat it spread the drift which now ter­
races the cui de sac, deposited the coarse material of a temporary ter­
minal moraine below Fish Lake, produced the broad gaps in the hills on 
the east by glacial and subaerial erosion, and in its later stages left the 
gorge so dammed that the Similkameen found its present direct and 
rapid descent to the Okinakane River. 

The valley of the latter belonged no doubt to the great system of which 
all these now abandoned channels were part. Like them, it was drift 
buried, but, unlike them, not dammed, because of its great width. The 
present river is a quiet stream, having a fall of about 3 feet per mile 
from Lake Osoyoos to the Columbia River, and usually flowing between 
terraces 400 feet high. The lake is but a shallow expansion of the river, 
retained by a drift deposit. · 

Other evidences of glaciation are found on that part of the Columbia 
sketched on Plate IV. A broad gravel plateau, the analogue of the 
terraces along the Okinakane, lies between the right banks of the Co­
lumbia and the Methow River, and is continued down the former wher­
ever the canon walls are not too abrupt. 

An older channel of the Columbia is traversed by the trail just above 
Lake Chelan, and the bed of the latter was probably deepened by the 
glacier, which rounded the outcrops about its shores and left the coarse 
morainal material of a small lateral discharge in the canon by which 
the trail leaves the lake basin on the south. 

The preceding observations show the former existence of glaciers in 
the river valleys of the extreme northern part of the Territory, either as 
portions of a general ice sheet or as tongues pushed forward from dis­
connected ice rivers descending from the north. It is in keeping with 
either hypothesis that roches moutonnees should occur, as they do on 
the mountains south of the forty-ninth parallel, produced on the one 
hand by the great ice mass or on the other by streams radiating from 
local centers. 

The extent and the direction of flow of the glacier or glaciers therefore 
remain open questions, to be studied with that detail which the inter­
esting phenomena of the region invite. 

The reconnaissance work upon which these notes are based included 
observations of distribution of rock groups, the results of which are 
given on Plate I. 

No determinations of age were possible, as no fossils were found, and 
the classification adopted is consequently of a broad lithologic char­
acter. 
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ADVERTISEMENT. 

[Bulletin No. 41.) 

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 t~e annual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall ue 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 lli'Operty of the United States and form a part of the library of the organization: And the 
money resutt.ing 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. 

Of the Annual Report!! there have been already published : 
I. First Annual Report to the Ron. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.-A 

preliminary report describing plan of organization and publications. 
ll. Seconu Annual Report ofthe United States Geological Survey, 1880-'81, by .J. W. Powell. 1882. 

8°. lv, 588 pp. 61 pl. 1 map. 
III. Third Annual Report of the United States Geological Survey, 1881-'82, by .J. W. Powell. 1883. 

so. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 

go. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of the United States Geological Survey, 1883-'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. 1886, 

so. xxix, 570 pp. 65 pl. and maps. 
The Seventh and Eigh\h Annual Reports are in press. 

MONOGRAPHS. 

Of the Monographs, Nos. II, III, IV, V, VI, VII, VIII, IX, X, XI, and XII are now published, viz: 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U. S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4o. xiv, 451 pp. 3 pl. Priee $1.50. 
V. Copper· Bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4o. xvi, 464 pp. 151. 

29 pl. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 

1883. 40, xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver·Lead Deposits of Eureka, Nevada, by JosephS. Curtis. 1884. 4o. xiii, 200 pp. 16 pl. 

Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4o. xiii, 298 pp. 24 1. 

24 pl. Price $1.10. 
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IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of Now Jersey, 
by Robert P. Whitfield. 1S85. 4°. xx, 338 pp. 35 pl. Price $1.15. 

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh, 
1SS5. 40, niii, 243 pp. 56 1. 56 pl. Price $2. 70. 

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 
Cook Russell. 18S5. 4°. xiv, 2S8 pp. 46 pl. Price $1.75. 

XII. Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. 1886. 4°. xxix, 
770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. 

The following is in press: 
Xlli. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
The following are in preparation : 
I. The Precious Metals, by Clarence King. 
- Gasteropoda of theN ew Jersey Cretaceous and Eocene Marls, by R. P. Whitfield. 
-Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
-Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. 0. C. Marsh. 
- Brontotheridre, by Prof. 0. C. Marsh. 
-The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Irving. 
-Younger Mesozoic Flora of Virginia, by William M. Fontaine. 
-Description of New Fossil Plants from the Dakota Group, l;>y Leo Lesquereux. 
-Report on the Denver Coal Basin, by S. F. Emmons. 
-Report on Silver Cliff and Ten-Mile Mining District, Colorado, by S. F. Emmons. 
-Flora of the Dakota Group, by J. S. Newberry. 
-The Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut 

Valley, by J. S. Newberry. 

BULLETINS. 

Each of the Bulletins contains but one paper and is complete in itself. They are, however, num· 
bered in a continuous series, and may be bound in volumes of convenient size. 'l'o facilitate this, 
each Bulletin has two paginations, one proper to itself and another which belongs to it as part of the 
volume. 

Of this series of Bulletins Nos. 1 to 41 are already published, viz: 
1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with 

a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1SS3. S0. 42 pp. 2 pl. Price 10 cents. 
2. Gold ancl Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., by 

Albert Williams, jr. 1883. S0. S pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County, 

New York, to Bradford County, Pennsylvania, by HenryS. Williams. 18S4. S0 • 36 pp. Price 5 cents. 
4. Oq Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in tht:' United States, compiled by Henry Gannett. 1SS4. S0 • 325 pp. 

Price 20 cents . . 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1S84. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South), 

1752-1S81, by Jules Marcou and John Belknap Marcou. 1884. S0. 184 pp. Price 10 cents. 
S. On Secondary Enlargements of Mineral Fra&ments in Certain Rocks, by R. D. :r:rving and C. R. 

Van Rise. 1SS4. so. 56 pp. 6 pl. Price 10 cents. 
9. Report of work done in the Washington Laboratory during the fi10cal year 1SS3-'S4. F. W. Clarke, 

chief chemist; T. M. Chatard, assistant. 1884. so. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North America. Preliminary Studies, by Charles D. Walcott. 1S84. 

S0 • 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. Gil­
bert. 1S84. 8°. 66 pp. 6 pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1S84. S0 • 

34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of the several States and Territories, by Henry Gannett. 

1S85. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barns and Vincent 

Strouhal. 1SS5. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1S85. 8°. 

33 pp. Price 5 cents. 
16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°. 

86 pp. 3 pl. Price 5 cents. 
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17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, by Arnold 
Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 cents. 

18. On Mat·ine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 
by Charles A. White. 1885. so. 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. so. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 

5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pl. Price 

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

Kewflenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. S0 • 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William H. 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. 1885. 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. 1886. 8°. 80 pp. Price:.::> cents. 
28. The Gabbros and Associated Hornblende Rocks occurring in theN eighborhood of Baltimore, Md., 

by George H. 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. 

so. 41 pp. 4 pl. Price 5 cents. 
30. Seconcl contribution to the studies on the Cambrian Faunas of North America, by Charles D. 

Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. A systematic review of our present knowledge of Fossil Insects, including Myriapods and Arach­

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

C. Peale. 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geolog:y of Northern California, byJosrph 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 

an<l other l!:fOUps, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents. 
35. The Physical Properties of the Iron-Carburets, by Carl Barns and Vincent Strouhal. 1S86. so. 

62 pp. Price 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barns. ~1!87. S0 • 58 pp. Price 10 cents 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentucky, by Joseph S. Diller. 1887. 8°. 31 pp. 1 pl. Price 5. 

cents. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. so. S4 

l'P· 1 pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1886. so. 

10 pp. 4 pl. Price 5 cents. 
41. Fossil Faunas of the Upper Devonian- the Genesee Section, New York, by HenryS. Williams. 

18S6. so. 121 pp. 4 pl. Price 15 cents. _ 
Numbers! to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, Vol­

umeiii; Numbers24to30,VolumeiV; Numbers31to36,VolumeV; Numbers37to41, VolumeVI. 
Volume VII is not yet complete. 

The following are in press: 
42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1885-'86. F. W. Clarke, chief chemist. 1S87. S0 • 152 pp. l pl. Price 15 cents. 
43. On the Tertiary and Cretaceous Strata of the Tuscaloosa, Tom big bee, and Alabama Rivers, by 

Eugene A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 
44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. so. 35 pp. 

Price 5 cents. 
45. Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1SS7. so. 
46. The Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr. 
47. Analyses of Waters of Yellowstone National Park, by F. A. Gooch and J. E. Whitfield. 
48. On the Form and Position of the Sea Level, by R. S. Woodward. 
49. On the Latitude and Longitude of Points in Missouri, Kansas, and New Mexico, by R. G. Wood­

ward. 
50. Invertebrate Fossils from California, Oregon, Washington Territory, and Alaska, by c. A.. 
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In preparation : 

- The Glacial Lake Agassiz, by Warren Upham. 
-Notes on the Geology of Southwestern Kansas, by Robert Hay. 
- On the Glacial Boundary, by G. F. Wright. 
-Geology of the Island of Nantucket, by N. S. Shaler. 
- Author Catalogue of Contributions to North American Geology, 1790-1886, by Nelson H. Darton. 
- The Gabbros and Associated Rocks in Delaware, by F. D. Chester. 
- Report on tho Geology of Louisiana and Texas, by Lawrence C. Johnson. 
- On the Subaerial Decay of Rocks and the Origin of the Red Color of Certain Formatlona, by 

Israel C. Russell. 
- Fossil Woods and Lignites of the Potomac Formation, by F. H. Knowlton. 

STATISTICAL PAPERS. 

A fourth series of publications, having special reference to the mineral resources of the United 
States, has been undertaken. 

Of that series the following have been published: 

Mineral Resources of the United States [1882], by .Albert Williams, jr. 1883. so. xvil, 813 pp. Price 
50 cents. 

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. 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. 

In press: 

- Mineral Resources of the United States, 1886, by David T. Day. 1887. 8°. 

Correspondence relating to the publications of the Survey and all remittances (which must be by 
POSTAL NOTE or MONEY ORDER, not stamps) 'Should be addressed 

TO THE DIRECTOR OF THE 
UNITED STATES GEOLOGICAL SURVEY, 

W ASHINGTOK, D. C., November 30, 1887. 
W .lSHINGTON, D. 0. 
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LETTER OF TRANSMITTAL. 

DEPARTMENT OF THE INTERIOR, 

UNITED S'rATES GEOLOGICAl .. SURVEY, 

ITHACA, N.Y., August 2, 1886. 

SIR: I have the honor to transmit herewith for publication as a bul­
letin a second contribution to the study of Devonian paleontology, 
Bulletin No.3, ''On the Fossil Faunas of the Upper Devonian," having 
been designed as the first of a series of papers on the comparative 
paleontology of the Devonian at~d Carboniferous. 

In that paper I gave the results of a study of the section along the 
meridian of Ithaca and Cayuga Lake, running southward, which may 
be called the Cayuga section. · 

In 1883 examination was made south along the meridian running 
through Genesee County, New York, into McKean County, Penm;yl­
vania, where the Alton coal beds were reached. The general results 
of this survey were communicated to the Director of the United States 
Geological Survey and an abstract of my communication was published 
in Science, Vol. II, pp. 836, 837, December 28, 1883. The present paper 
is a detailed report of the study of the materials of this Genesee section. 

Since the field work was done several additional sections have been 
examined: in 1884, sections through Western New York (and adjoin­
ing Pennsylvania) from Chautauqua County westward and into Ohio 
as far as the meridian of Cleveland; and in. 1885 the region between the 
Cayuga section and those of Delaware and Otsego Counties, as far as 
Oneonta, were examined. The ma,terials are under investigation and 
will be reported upon as soon as their study is completed. 

The sections are made along meridians, in order to make them more 
readily and simply comparable. Each long meridional section runs 

· through the 8ame stratigraphical series of deposits and is made up of 
a series of small local sections, such as the individual outcrop of the 
rocks renders possible. 

It is not supposed that in any case these sections are exhaustive, but it 
is intended that so far as they go the relative position of the faunas in the 
sections shall be precise and the association of species in each horizon 
shall be given as it is, so that the faunas can be identified, and thus, 
while they will leave much to be added, these studies, it is hoped, will 
give an outline of the geographical distribution and geological range of 
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faunas and their species which will make a comparative· study of the 
faunas possible. 

In the arrangement of the material of this report I have followed sim­
ply the order in which the various sections were originally made, which 
is in general from north to south and from below upwa.ru. The num­
bering of the stations is that which the specimens will receive when 
finally deposited in the National Museum. The system used in marking 
the sections and the specimens representing them is as follows: A num­
ber is assigned to each principal locality, as 468 .Attica, 477 Cuba, 487 
Olean, &c. .A letter is assigned to each section, as 477 A, .Armstrong 
quarry, Cuba; 477 C, Smith quarry; 477 E, a ravine south of Uuba. 
For each section the individual strata or fossiliferous zones receive 
numbers, running from below upward wherever this order was prac· 
ticable; thus 477 E 2 is the principal brachiopod zone (}f this particular 
ravine, 477 E 5 the red band of the same section. 

In the present report special discussion of the faunas of the Hamilton 
group and of those below the black shales of the Genesee group i~ • 
omitted, since the sections aloug this meridian do not present the ~eries 
with sufficient fullness to throw any new light upon their history. The 
facts gathered will be presented in their connection when a more typical 
series of this part of the Devonian is prepared for comparison. 

Respectfully yours, 
HENRY S. WILLIAMS. 

Maj. J. W. PoWELL, 

.Director U. S. Geological Su'I''Vey. 
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UPPER DEVONIAN FOSSIL FAUNAS-GENESEE SECTION. 

BY HENRY S. WILLIAMS. 

INTRODUCTION. 

The description of fossils is a most important work for the paleontol­
ogist, but it is believed that a still m..>re interest,iug and a wider field 

• is awaiting his investigation in the compa.rati ve and his tori cal study of 
organisms. This field is open for all who will undertake it, and, while 
the professional paleontologist may be able to map out the grander feat­
ures anu problems, very much must be left for the loeal student to fill 
in by careful and thorough search in his own region. This same line of 
investigation should be followed out in all the geological stage3, and 
each student will find his best field in that region in which he can 
make most diligent search. In the present case the selection of the 
Devonian was determined by the simple fact that the Devonian rocks 
were for the writer the most accessible. These outcrops are near at 
hand and therefore can be thoroughly studied. The Silurian offers like 
opportunities for those residing in the midst of Silurian rocks, the Meso­
zoic for others. 

Scarcely ever do good species range through more than a single geo­
logical system, and hence a scrutiny of the laws of the modification of 
species may be best effected by confining our comparisons to the species 
of a single system. Till we gather some. definite knowledge as to the 
laws of modification which species undergo when traceu through varying 
geographical conditions and in their geological range, our ideas in re­
gard to modification of genera and families must necessarily be hypo­
tlwtical. It is hoped, too, that these investigations may throw some 
light upon the nature of what we call species-as to what may be the 
conditions determining the constancy of certain characters and the plas­
ticity of others. In oruer to do this, data must be collected showing 
what the constant and what the plastic character.s act nally are, and 
tllis in regard to particular species, at particular stages, and in par­
ticular regions. 

Ina paper read at the Ann Arbor meeting of the American Association 
for the Advancement of Scie.uce, 1885, I communicated some of the gen­
eral results of comparison of the several faunas of the Upper Devonian, 
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as seen in the various sections from Oneonta, Otsego County, N.Y., 
westward to Cleveland, Ohio. I then named the sev:eral long sections 
whose faunas were made the subjects of comparison. The section 
described in the present paper is there called the Genesee section. 
In reference to the identification of species in this paper, I wish par­
ticularly to state that I regard them in many cases as imperfect and 
provisional. 

The careful comparison of large series of specimens from the same 
and from different localities and from different zones has brought out so 
conspicuously the variability in many of the characters used in the defi­
nition of species that the limitation and the validity of species are often 
called in question. But in order to speak of them and to discuss the 
problems involved it is necessary to use some names. The rule I have 
adopted, therefore, is to apply to specimens which have come from the 
same localities and horizons the names which are in common usA in the 
reports and in the museums where the typical specimens may be found 
named and described. The literature, too, is often confused, and forms 
which ought to go under a single name are often called by different names 
by different authors. This is particularly noticeable when comparisons 
of our material are made with collections from Europe or from distant por­
tions of our own land. Further, there are iu common use in our American 
literature generic names of very doubtful value, which may be dispensed 
with to the advantage of science. But to adjust these errors would in· 
volve technical and detailed discussion, not appropriate to this paper, 
and I have therefore somewhat sacrificed precision in the use of nomen­
clature in order to bring out more clearly, for those familiar with the 
State reports and the museums in which the typical collections are con­
tained, the general characters of the faunas. 

As preparation for these investigations I owe much to the abundant 
and instructive labors of geologists and paleontologists who before 
me have studied deeply into the problems and done much toward 
their solution. In this country, Messrs. James Hall, J. S. Newberry, 
A. Winchell, <J. A. White, and later :Messrs. John F. Carll, I. C. White, 
C. A. Ashburner, and H. M. Chance, in connection with Prof. J.P. Les­
ley, of the Pennsylvania survey, and Mr. Edward Orton, the present 
State geologist of Ohio, Messrs. F. B. Meek and A. H. Worthen, of the 
Illinois survey, and Mr. Carl Rominger, of the Michigan survey, and 
others, in a more general way, have taken more or less active part in 
elaborating the facts and in determining the relations wllich the com­
plicated series of deposits sustain toward one another. In Great Britain 
the discussion which centered about the Devonian problem, the relation 
of the Devonian marine deposits and the Old Red Sandstone, is full of 
instruction, beginning with the classic paper of Murchison and Sedg­
wick, and expressed most forcibly in the papers of Murchison, Salter, 
Jukes, Hall, and Champernowne, and practically settled for Great 
Britain in the exhaustive paleontological paper of Sir Robert Etheridge 
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in 1867. Most of these articles may be consulted in the Transactions 
and J onrnal of the Geological Society of London. Receu t iu vestiga­
tions on tile Devonian series of Northern France and Belgium have 
thrown light on the general problem. Tile papers of MM. Gosselet, 
Barrois, and Monrlon may be specially mentioned. Valuable sugges­
tions are also found in the pape~s of M. Emanuel Kayser on the Rhen. 
i~h Devonian. 

All these investigations tend to show, first: that the series of deposits 
which immediately preceded the Carboniferous formation, or those de­
posits which are of a semiterrestrial origin, at the close of the Paleozoic 
exhibit great variation in the nature and order of the deposits when 
traced over any considerable geographical area. The termination of 
the Devonian age and deposits underlying the true Carboniferous age 
have been a constant source of bewilderment to all geologist~ in this 
country who have looked outside their own immediate neighlJorlwod. 
Secondly, when studied minutely, there appear to be evidences to show 
that the differences in the faunas in these deposits are not always 
chronological differences, but must be regarded often as geograpilical in 
faunas living at the same time under different conditions. 

From the fact of these differences and irregularities in the deposits 
and in their contained faunas, they seemed to offer a particularly attract­
ive field for studying the effects of changing conditions upon the organ­
isms and a promising field from which to learn the laws of change which, 
under like conditions, might be traceable to chronological sequence, 
and at a common horizon could be more properly referred to geograph­
ical change of the environing conditions of life. 
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REVIEW OF OPINIONS; THE BEARINGS OF THESE INVESTIGA­
TIONS UPON THE CLASSIFICATION OF THE UPPER DEVONIAN 
ROCKS AND FAUNAS. 

In planning these investigations into the history of organisms, the 
Devonian age was chosen as a particularly important field because 
of the numerous disputed questions there awaiting solution and because 
it offers, in the various exposures in this country, abundant data for 
investigation. Between the limits of the Corniferous limestone below 
and the coal deposits above is found a great thickness of strata in New 
York, Pennsylvania, and adjacent territory broken up in to several well 
marked geological formations. In other parts of the United States the 
same series is represented by deposits containing like fossils but not 
always identical, nor are successive strata always composed of the 
same materials or arranged in the same groups as we pass out of this 
eastern area. 

When these investigations were begun the chief question in mind was 
the solution of the complex problem of the equiva Ieney of the various 
sections covering Upper Devonian and Lower Carboniferous horizons in 
various parts of the country. The first general section therefore did 
not extend below the Black Genesee shale terminating the Hamilton 
formation. The faunas from this point to the fi.rat coal, as seen along 
the meridian from Cayuga Lake southward, were reported-upon in the 
United States Geological Survey Bulletin No.3. But the problems in­
volved are too far reaching tG be limited by so indefinite a mass as the 
black· shales lying in the Middle Devonian of New York. Although this 
section through the middle tier of counties in Western New York is an 
admirable one for the study of the Upper Devonian, it will be necessary 
to go farther east to find the lower faunas (i. e., above the Corniferous 
limestone) so exhibited as to determine the details of their history. 

On entering upon fields of which the geological structure is well 
known and whose fossil species are generally familiar and described, I 
neither undervalue the excellent work of my predecessors nor expect 
to do anything to take the place of the geological reports already pub­
lished. On the other hand, the work here attempted could not be under. 
taken without this preliminary mapping out of the 1if?ld and working up 
of the species concerned. 

I am here interested not in adding to the long list of described 
species, nor in determining to what geological period the ~pecies be~ 
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long, but in ascertaining the laws of association, of sequence, of modi­
fication, aud of distribution of species in the past. The better known 
and the more frequent the occurrence of the species the more satisfac­
tory will be the results to be reached by their study. Iu the course of 
the investigations already a few new species have appeared, but much 
more frequently forms have been met with which lie intermediate be­
tween the typical forms of already described species. 

Facts are thus accumulated for a revision of the characters essential 
to the distinction of species. Not only am I indebted to the work of 
other geologists for facts accumulated, but suggestions and partial ex­
planations of the facts, so far as the evidence existed, have been used 
as guides in extending the research. I have availed myself, too, of the 
differences of opinion among accepted authorities as a guide to the ques­
tions needing most careful study. 

On examining the series of deposits found in each State, it was of 
first importance to consult the published reports of geological surveys 
already made. I have, therefore, consulted the numerous series of re­
ports of the State surveys of New York, Ohio, Pennsylvania, Michi-­
gan, Iowa, Missouri, Illinois, and of other States in which representative 
deposits were exposed. 

PROF. JAMES HALL'S VIEWS. 

In the volume on the Devonian Brachiopoda, 1867 (Geol. Surv. 
of N. Y., Pal., Vol. IV, Pt. I), Prof. James Hall recognized the in­
crease of Uarboniferous types among the species of the Upper Devo­
nian on passing from the eastern to the westeru deposits of New York 
State; this he regarded as a mark not of a higher geological stage, but 
of a change in geographical conditions. He wrote (p. 257): "And 
finally, we have every reason to believe that in those sedimentary for­
mations between the Hamilton group and the Uoal Measures in the 
east, and between the same groups and the Burlington (Carbonifer­
ous) limestone in the west, the Devonian aspect of the fauna on the one 
hand and its Carboniferous aspect on the other are due to geograph­
ical and physical conditions, and not to difference in age or chronolog­
ical sequence of the beds containiug the fossils." 

The mingling of Devonian anu Oarboniferoas types in rocks of the 
Lake Superior region occurred to Professor Hall still earlier (see Rep. 
Geol. Lake Superior Laud District, Fost.er & Whitney, 1851, p. 313), 
leading to the belief that the transitions are gradual and not clearly 
defined. 

This idea, whether originating with Professor Hall or not, was never 
elaborated by him in public, so far as I can ascertain. In Great Britain, 
however, the discussion of the relations existing between the Devonian 
and the Old Red Sandstone, which practically terminated in Sit Robert 
Etheridge's m~sterly paper on "The physical structure of West Som-
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erset and North Devon" in 1867 (Quar .• Tour. Geol. Soc., London, Vol. 
XXIII), has brought out clearly the fact that the Old Red Sandstones, 
wanting in marine invertebrate faunas and filling the gap between 
the marine deposits of the Silurian and those of the C;uboniferous, 
are the equivalents of the marine deposits ealled Devonian-not above 
nor below them, but contemporaneous, though in separate geograph­
ical areas. 

The change in the character of the American deposits in passing 
westward a~d the differences observed in the faunas were explained by 
Professor Hall as due to mingling of the Devonian and Carboniferous 
faunas toward the west. 

PROF. A. WINCHELL'S VIEWS. 

In 1870 Prof. A. Winchell, in a paper (in Proc. Am. Phil. Soc., Vol. 
XI, pp. 57-82, 385-418) "On the geological age and equivalents of the 
Marshall group," objected to this interpretation of the facts, which im­
plied, if it did not assert, that the Waverly and Marshall groups were 
only geographical modifications of formations of the same general age as 
the Chemung. Professor Winchell brought elaborate evidence to show 
that the Ma.rshall, Waverly, and allied faunas in Illinois, Indiana, Iowa, 
and Missouri were equivalents, that they were not equivalent to the Che­
mung group of New York, and, finally, that they were separated from 
the latter by the Catskill group of Eastern New York, which was 
regarded as following the Chemung and intermediate between the 
Devonian and the Carboniferous age. 

The problem of chief interest to the general geologist awaiting solu­
tion in these regions is that of the equivalellcy, or even the interpreta­
tion of the true relations, of these several series of rocks between tbe 
Hamilton and the Coal Measures, especially in the contiguous States of 
New York, Pennsylvania, and Ohio. 

In the earlier surveys the Upper Devonian was traced far into the in­
terior, and the Waverly of Ohio, the Burlington sandstone, and the 
Chouteau beds of Missouri were alike regarded as equivalent to the New 
York Chemung. 

In 1867 Professor Hall receded from this position and recognized 
the force of Professor Newberry's discovery of Spirifera Verneuili 
( = S. disjuncta) below the Cleveland shale (see Geol. Surv. N.Y., Pal., 
Vol. IV, Pt. I, note at beginning). In 1870 the superior aud independent 
position of the Waverly and equivalents was defended by Professor 
Winchell in the paper above mentioned. 

VIEWS ON THE RELATION OF THEW A VERL Y TO THE NEW YORK SERIES, 

In 1875, Professor Hall, finding the fossils of the Uhemung grpup i~ 
the higher beds of Western Pennsylvania mingling with other species 
regarded as Carboniferous, qop.cluded tba.t "the Chemung fauna con tin , 
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ued its existence till after the appearance of Carboniferous forms, aml 
tllat the two faunas, if they can be properly so regarded, lived in 
the same sea and at the same epoch; and the question of the limits be­
tween Devonian and Carboniferous formations is likely, at least for some 
time, to remain undetermined in some parts of the country." (Am. 
Jour. Sc., 3d ser., Vol. XII, pp. 308, 304.) 

In 1878 Professor Newberry defended his early opinion regarding the 
Ohio equivalent of the Chemung as terminatiug at the base of the OleYe­
laud shale (see Geol. Surv. Ohio, Vol. III, Geol., p.14); but t.his opinion is 
complicated by the further one that the upper part of the Portage group 
is the proper base of the Carboniferous series, making these disputed 
beds merely a base of the Carboniferous. 

The confusion in regard to the fossils of these Upper Devonian beds 
leaves the matter of exact equivalency still in doubt. That is, the min­
g-ling of faunas which led Prof. James Hall to regard the Chemung 
fauna as continuing into the Carboniferous and Prof. J. S. Newberry 
to draw down the limits of the Carboniferous so as to include the Che­
mung and the Upper Portage has not yet been satisfactorily interpreted. 
We see then that this confusion and occasional blending of faunas were 
Yariously interpreted by those who gave the subject most careful study. 
The New York State geologist (Hall), without distinguislling the faunas, 
regarded them as blending, and be left the relations of theN ew York and 
western beds undecided. The Ohio geologist (Newberry), from his stand­
point of a Carboniferous Waverly group, brought down the Devono-Car­
boniferous point of transition to the Portage sandstones of New York, 
thus including the Chemung group within the Carboniferous; while 
the Michigan geologist (A. Winchell), recognizing tlle integrity of his 
Marshall group formation, but finding still no equivalent fauna for it iu 
the New York series, regarded it as the equivalent of the brackish or 
fresh water Catskill group, thus putting it above the Chemung group 
of New York as tllen defined. 1 

VIEWS OF PENNSYLVANIA GEOLOGISTS. 

Since 1875 the Pennsylvania geologists, under Prof. J. P. Lesley, 
finding the fossils entirely unsatisfactory as means of determiuing the 

1 Since the writing of this paper, at the Philadelphia meeting of the American Asso­
ciation for the Advancement of Science, in 1884, Prof. James Hall communicated a 
paper entitled, "Note on the intimate relations of the Chemung group and WavtJrly 
sandstone in NorLhwestern Pennsylvania and Southwestern New York." (Proc. Am. 
Assoc. Adv. Sc., 18cl4, Part II, p. 416.) The paper is based upon a section in Warren 
C(lunty, Pennsylvania, made by Mr. C. E. Beecher and Mr. F. A. Randall. In this sec­
tion the Chemung is regarded as running up to the base of the Waverly, and at the 
junction is said to be "the place of the Catskill," where "there is a hiatus which, in 
}~astern New York and Pennsylvania, is marked by the presence of measures having 
a thickness of from 3,000 to 5,000 feet" (p. 418), and Professor Hall concludes that" the 
deposition of the estuary Catskill sediments has been going on simultaneously wit4 
the open sea deposits of the Waverly formation." · 
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transition beds, adopted stratigraphical conditiuns as their chief criteria, 
and Mr. John F. Carll, Prof. I. C. White, Mr. C. A. Ashburner, au1l 
:Mr. H. M. Chance have given in their several valuable reports various 
interpretations of the series. 

Tile one point in which they all appear to agre.e is the equivalency of 
~he Qlean-Garland-Ollio Conglomerate, altlough in 1876 Mr. E. B. Au­
(lrews, formerly of the Ollio survey, objected with strong argurneut to 
regarding the Conglomerate underlying the Coal as marking a common 
fwrizon for even the Ohio-Pennsylvania-Virginia area, and suggested. 
tllat it would be more appropriate to call this a rock than a common 
horizon. (SeeProc. Am.Assoc.Adv. Sc., Vol. XXIV, Pt. II, p. 84.) The 
Pennsylvania geologists, taking this Olean Conglomerate as a uefiuite 
common horizon, recognize a sub-Olean Conglomerate, which in their 
northwestern counties takes its place below the Olean Conglomerate and 
above the horizon to which the red beds of the east and their equiva­
lents are assigned. This lower Conglomerate, often merely a sandstone, 
is distinguished by its fiat pebbles, although frequent sandstones autl 
conglomerates are recognized below, having flat and woru pebbles. 

When we go below this horizon confusion is greater the greater the 
number of counties whose sections are compared, but in the north­
western counties, where the red beds offer least trouble by their pres­
ence, frequent heavy sandstone beds separated by shales and thinner 
shaly sandstones are found occupying at least several hundred feet. 
These have gained the more general name of the Venango oil sands. 

Mr. J. F. Carll (Report III, Secund Geol. Surv. Pa.) gives several 
systems of sandstones and shales below this before reaching what he 
regards the equivalent.:> of the New York Chemung. Prof. I. C. \Vhite 
(QQQQ, 2d Geol. Surv. Pa., 1881) regards tile Venango group as resting 
immediately upon Chemung flags in Erie and Crawford Uounties, Penn­
sylvania, and is obliged, also, to recognize the fact that the fossils of 
this group are decidedly of Chemung type. This Venango group is in­
cluded by Mr. C. A. Ash burner in the Catskill (Ponent, No. IX), but he 
iucludes the Bradford oil sands, which were placed higher in the series 
by Mr. Carll, in the Vespertine No. VIII. 

THE PENNSYL V ANI.A. SECTION. 

Without entering into the minutim of the extremely interesting series 
of sections which the Second Geological Survey of Pennsylvania has 
brought to light, we find a general agreement in the following arrange­
ment of deposits for the Upper Devonian, leaving out the rPd beds, which 
mu~t receive special consideration. After passing the Hamilton forma­
tioH and the black Genesee shale, where they are recognized, there is-

First. A series of thin bedded deposits, generally more argillaceous 
than sandy, constituting the blue or green shales of tile Portage group, 
containing little or no iron, except in the comlition of pyrites. 

Secoucl. A ser~e& of similar shales, but of generally ligl:ttet' <;olor ~n~ 
,409) 



20 UPPER DEVOXIAN FOSSIL FAUNAS. [BULL. 41. 

weathering brown to yellow from iron oxides, and with occasional thick 
massive beds of light gray sandstones, often coarse grained and in 
places conglomeratic, and holding petroleum in some areas. When seen 
on the surface they are often strongly calcareous, and generally give off 
a strong bituminous odor upon first fracture. 

Third. A series of sandstone conglomerates, with soft shales, not 
strongly separated from the second group, but the two kinds of rock, the 
shales and the sands, when interstratified, are each purer in composi­
tion, and the iron appears in beds or nodules iu the sands, where iron 
oxides are so frequent as to eause them generally to be of a yellowish 
tint. Flat pebble conglomerate is seen in some of the beds. 

Fourth. The coarse round pebble conglomerate, with thin seams of 
black shales and true bituminous coal. 

'l'HE ALLEGANY COUNTY SEC1'ION. 

In New York I find the Allegany County section bears a general re­
semblance to the Pennsylvania series. However, in the second group 
the sandstones are less prominent and the shales prevail, in the second 
and third groups the conglomerates are rare and generally only the sand­
stones are seen, and black shales are interleaved with the shales of the 
first group nearly to the base of t,be second. Going farther east in New 
York, I find the massive sand~tones of the second group are reduced to 
but one or two beds of 2 or 3 feet thickness; and still farther east, but 
before reaching the Catskill Mountai us, tlJis particular class of saud­
stones is wanting, while the tlJird series, in place of gray sandstones and 
conglomerates, becomes dark greenish gray, mi . ·aceous flags and red 
shales and sandstones; and, finally, the red and coarse, greenish gray, 
fiaggy sandstones and shales appear still lower and fill the whole inter­
val from the Hamilton shales upward to the. Conglomerate. 

ORDER OF DEPOSI1'S IN OHIO. 

Now, turning in the other direction, in Ohio we :find a different order 
of strata. The first group, instead of being followed by the heavier and 
more frequent sands of the second group, is followed by a return of the 
condition below, black fine shales and soft greens taking the phice of 
thin bedded shales and sands. All(l the whole interval of the second 
and third groups of the areas farther east is represented by only one, at 
greatest only two, of the sandy conglomerate deposits. 

The explanation of tbis condition of things is to be fully determined 
only by the fossils. I find that the first group holds a Portage fauna in 
the soft green shales and a Genesee fauna in the black interleaved shales. 
I find the second group marked by the departure of the Portage fauna at 
the first massive sandstones; and with the deposition of those sanrls of 
tlJe second group, both in them and in the accompanying shales which ar~ 
mor~ ferruginous than tbose below, the Oll~tllung fa~na appears, 
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With the deposition of the lower flat pel>ble conglomerates, a new 
fauna comes in, but it does not entirely take the place of the other fauna. 
These .first conglomerates are clearly shown to be comparatively local, 
grading rapidly off iuto coarse sands or even lost entirely in sandy 
shales in a distance of .fifty miles. But their general place in the series 
is definite and regular in this eastern area. Also, so far as the facts are 
gathered, it is clear that the faunas associated with them are distinct, 
even when they were deposited alternately with Chemung· shales bear­
ing the genuine Chemung faunas. 

In New York the flat pebble conglomerate appeared before the ces­
sation of the Chemung fauna, and in fact we find traces of the latter up 
to the base of the Olean Conglomerate. 

The exact equivalency of the Ohio grits and overlying ·shales and 
their faunas must l>e determined by a fuller and more thorough com­
parative study of their faunas than has yet been published. 

GEOGRAPHIC AND CHRONOLOGIC RELATIONS OF THE FAUNAS. 

It is necessary to recognize the effect of geographicai condition upon 
faunas, as well as the changes incident to chronological sequence, if we 
would interpret the confusion existing in the De,·ono-Oarboniferous de­
posits of the eastern portion of our continent. But the assigning of 
the Marshall fauna to the period of the Catskill group does not settle it. 
Neither does the expansion of the Chemung to receive the Waverly 
fauna or the pulling down of the Oarbonif~rous to cover the Portage re. 
lieve us from the main perplexities. 

It is only by disentangling these faunas and ascertaining the true 
geographical and chronological relations which they bear to one an­
other that the difficulty is to be met. This is to be attained, not 
by clinging to any sharp limits of a stratigraphical or a lithological 
nature or to any absolute division between one formation and the fol­
lowing, but each fauna must be traced upward and downward and its 
modifications noted until it is replaced by another, and whatever on 
the way is interpolated or is added to it must be traced to its origin or 
to its center of occurrence. Thus, I beli~ve, a scale of the chronological 
sequence in the life history of the organisms and the faunas may l>e 
prepared which may serve as a definite standard for determining the 
relative age of deposits, quite indepenaent of the characters of the 
sediments which were being continuously thrown down, these bei11g 
in main part determined by local conditions of the disintegrating shores 
and the distance away from them. By themselves the rocks, as rocks, 
present no features which may serve as indications of the particular 
stage in geological tim, 1t which they were deposited. 

While the method proposed will make of geology a more difficult and 
complex study, the entangling of formations and their groups of organ­
isms- inextricably, as it would see1~, when the attempt is made to 
make minute comparisons over wide areas-is much nearer a true ap-
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preciation of the facts as they actually occurred than the simple bnt 
concise tabulation of typical series and the co-ordination of those tlwt 
are not typical by thinning or thickening them with assumed gaps or 
insertions. The method of critical and careful stndy of the lithological 
and stratigraphical condition of the rocks, adopted b.Y the Penusyl\ania 
geologists, is bringing out with great distinctness the untrustworthiness 
of these characters alone for the co-ordination of horizons over any cort· 
sidera.ble extent of territory. The study of fossils in their relations to 
the rock deposits and in their association with one another has already 
suggested that the sharp lines, often observed separating one group of 
organisms stratigraphically from another, are in part due to local eontl i­
tions. As our familiarity with different sections from separate<l areas 
increases, the faunas which we shall learn to regard aR marking a com­
mon geological period or stage will comprise, in some mea~ure at least, 
groupings of species as various as are now met with in ehe different re­
gions and at different depths of the sea. 

In this report the Upper Devonian, including the Genesee shalr, 
comes under detailed discussion. The lowest member of tllis section 
is at Attica, Wyoming County, N.Y. Running northward from there 
the country is heavily covered with soil and no good exposures of Ham­
ilton rocks are met with, and not till the limestone ridge seen at Batavia 
is reached have the rocks resisted disintegration sufficiently to present 
fit outcrops for study. Westward from Attica the Hamilton and the 
Marcellus are exposed, but all this part of the Devonian is far better 
represented fifty or a hundred miles farther east. 

LIST OF THE FAUNAS. 

The more important groupings of species into temporary faunas are: 
The Lingula fauna of the Genesee shales, as seen in section 4u8 (p. 31); 

the Gardiola fauna of the Portage shales, 472 C (p. 41); the early Leio­
rhynchus fauna of the green shales of the Cllemung, 476 G (p. 60); the 
Spirifera mesocostalis fauna, as seen about Rushford, 4 76 (p. 58); the 
Streptorhynchus and Spirif era disjunctct fauna proper, as seen in the 
Cuba sandstones and similar sandstones to the north, 477 (p. 65); the 
lamellibranch fauna of a member of tllese sands, 477 A 3 (p. 64); the 
Ling~tla fauna in the underlying shales, 477 A 2 (p. 64); the Athyris 
J-lngeUca fauna, particularly represented in the soft shales, 477 H (p. 67); 
the fauna of tlle fiat pebble conglomerate, 486 (p. 91), and the fauna of 
the ferruginous sandstone (p. 87). 

Besides these there are a few local or special faunas, as a brownish 
red sandstone above Rusbford (p. 56), containing a small terebratuloid 
shell, which appea:.:s identical with Centronella Julia, of Winchell, an<l 
the special fauna of one of the earliest red bands south of Cuba, with an 
abundance of a small Orthis Leonensis (p. 67). 

Eacll of these several faunas is distinguishable as a separate group of 
species, associated with some <listinct cllaeacter of sediment or definite 
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horizon. Many of them were probably living at the saoie time within the 
same general oceanic area, but one was confined to m uu bo ttorn, another to 
Hand, one h; peculiar to a black shale, another to a soft green shale, a third 
to :t sandy cougiomerate. Several of them may contain a majority of the 
Hpccies alike, but hold some one or more species either peculiar to it or 
in greater abundance or under some particular varietal form. As we 
approach the top (it may be in some thin stratum differing from the sur­
rounding deposits) we come across a little colony of a species foreign to 
the geueral fauna bnt characteristic of some formation of a different 
geographical area, as in the ca::m of Oentronella Julia in the Rushford 
saud (p. GG); or we may find in a series of apparently identical deposits 
two <lis tinct faunas, having scarcely a species in common, though within 
a few feet of each other, as in the Lamellibranch and the Brachiopod 
faunas of the Cuba san,lstone (p. 65). 

RELATION OF THE. FAUNAS 1'0 THE CHARACTER OF THE DEPOSU'S. 

By thus disentangling the species and learning their habits of asso­
ciation and their relations to the sediments in which they were buried, 
the data are gathered for recognizing the faunas in other localities and 
in deposits where the prevailing lithological character may be so unlike 
as to give no suggestion of a common horizon. 

In the more eastern section, at Oayuga Lake and south ward, the black 
shales are confined almost entirely to ,the first horizon of the Genesee 
shale; slight traces of a _dark but no black shale are recognized for a 
few hundred feet above. A rich fauna, tlle Ithaca fauna, is found in 
that section before the termination of the Portage fauna, but in its 
species it resembles both the eastern Hamilton fauna and the true 
Chemung fauna. The study of its species, and of those occurring above, 
proves that it represents au earlier stage than that of the Chemung 
fauna, and that it lies below as well as above deposits containing the 
genuine Portage fauna. 

In the more western section of Wyoming and Allegany Counties the 
black sllales recur frequently above the Genesee shales, and are inter­
leaved with the regular Portage shales upward for a thousand feet from 
tlleir base, each successive stage less distinct and more blended with the 
contained sediments. This fauna holds on till after the appearance of the 
Portage shales and its fauna, but becomes less and less apparent with 
each recurring stage until nothing is left but the Sporangites, which was 
doubtless an efficient cause of the dark color of tlle shales. Not a trac.e 
is seen of the Ithaca fauna. The Portage sllales and fauna ~nd the 
black shales occur in alternate deposits, the latter prevailing at first 
an<} the former being more prominent in the upper part of the series, 
11.1p to the appearance of the first traces of tlle Chemung fauna. 

The first introduction of the Cllemung fauna was associated with 
the deposition of the gra,y sandstones generally called Portage sand-
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stones. In their typical display at Portage Falls these sandstones are 
barren of fossil remains. But in tracing the Portage rocks upward I 
find a gradual increase in the arenaceous ingredients of the sediments. 
The Portage fauna belongs to the argillaceous deposits and in the upper 
part is scarcely ever detected except in some thin streak nf soft, green 
~:;hale interstratified with the more common thin bedded, arenaceous 
.shales. The arenaceous shales, by the dropping out of the argillaceous 
streaks as we ascend, become thin sandstones, which increase in thick­
ness, until finally at the top we have thick, massive sandstone separated 
by barren olive sllales. Tllese sandstones terminate the deposits con­
taining Portage fossils and begin tile series of the Chemung group. In 
this section, too, the bla-ck shales reach up to them but not beyond. It 
was clearly shown, by the work of tllis year, that the Chemung fauna 
coming in with the gray sandstones is the regular successor of the Port­
agR fauna, and that the black shales and their special fauna are inde­
peudent of both and only locally occupy the position in the series he~·e 
recorded. 

Fartller to the east the succession of the Chemung fauna upon the 
Portage is substantially the same, but the black shales bad entirely 
cea,sed some eight hundred feet below the point of transition. 

REL.A'riON OF THE BLACK SHALE!') TO THE UPPER FAUNAS. 

In the extreme western part of Wyoming County a thin sheet of black 
shale was found immediately under the first sandstone bearing Spirijera 
disjunata, an undoubted representative of the Chemung Brachiopod 
fauna (seep. 49); but only a few miles farther east, at Portage Falls, 
the first sandstones, although following pretty closely the termination 
of the black shales, contain no t,race of the Chemung fauna. We are 
led to believe, therefore, that with the progress of the Upper D evonian 
the black shales were gradually withdrawing westward, and that the 
conditions producing them were independent of the causes producing 
the argillaceous and sandy shales associated with the Portage and Che­
mung faunas. 

If t,he same rate of withdrawal of the black shales which is noted on 
passing from Cayuga Lake to Wyoming County continues on passing 
farther westward, the black shale should be expected to recur above the 
equivalents of the Chemung period, or even above conglomerates, as we 
go westward. That the black shales of Ohio may be such a continua­
tion of the shales occurring in Now York was shown by the presence of 
the characteristic species of the Cleveland shale of Bedford Ohio, jn 
the genuine Genesee black shale of Wyoming County. 

As I stated in a preliminary report, an abstract of which has alrer~tly 
appeared in Science (Vol. II, p. 836), the identity of the two faunas is 
not necessarily evidence of equivalency of horizon, but I interpret it 
rather as a fauna which may have persisted with very little change for 
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a loug time, possibly during the greater part of tLe · Devouiau age, 
although as yet there is no conclusive evidence that the fauna of tLe 
Marcellus black shale was identical with this. 

Future study may show the Cleveland shale, at Bedford, Ohio, to be 
identical stratigraphically with the higher recurrent black shale bed~ 
of tlle Portage of New York, but it is more probable that the fauna per­
sisted with little change, and that the black shales were beiug depos­
itetl continuously (though not continuously in any one particular spot) 
in the great interior continental basin from the Middle Devouian to the 
time of the sub-Carboniferous limestones. Another fact brongbt out 
by these studies is that the sandstones, as we pass upward from the 
time of the reign of the Hamilton faunas, changed gradually from tllin 
argillaceous sandstones or arenaceous shales of a dark color and tlaggy 
structure, first to thicker beds with less clay, then into purer aud more 
massive sandstones with slightly coarser grain and of a lighter gray 
without fossils; and, higher, become light gray sandstones, calcareom; 
and generally fossiliferous, with the Chemung fauna, and, pretty gener­
ally, more or less saturated with petroleum. 

The petroleum odor of those outcropping on the surface is proportion­
ate to their porosity and freedom from lime. 

PLACE OF 'l'HE VENANGO OIL GROUP. 

From a study of 1\Ir. I. C. vVhite's sections of Erie and Crawford Coun­
ties, as given in Report QQQQ, tlc·cond Geol. Surv. Pa., it seems more 
than probable that his Venango oil group is identical with these Ohe­
mung sandstones. Comparison of their fossils alone can give conclusive 
testimony on this point. Mr. Wllite's opinion is that tLe Panama 
co11glomerate is equivalent to the third oil sand of Venango group (see 
QQQQ, Second Ueol. Surv. Pa.). 

Mr. Carll (in Report Ilii, Second Geol. Surv. Pa.) still refuses to 
accept this interpretation, but he makes no positive identification and 
even suggests a plane of non-conformity. If the method adopted by the 
Pennsylvania survey were capable of solving this intricate problem, the 
careful and most industrious study giv~n their rocks should have brought 
a more satisfactory solution than we at present have. It would be <lif­
ficult to improve upon the stratigraphical data already accumulated. 

If fossils prove as satisfactory iu the more western deposits as they 
have proved in the New York Chemung they should. decide, when care­
fully studied, whether a portion of the series is missing or whether the 
geographical change alone is to account for the chang-ed fauna.s. But I 
reserve opinion until I can compare the fossils themselves and learn 
their associations. 

STRATA FOLLOWING THE CHEMUNG FA UN AS. 

Above the Ohemung sandstones a,ppear coarser sands with occasional 
streaks of worn pebbles, the larger sizes of which are fiat and of a still 
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lighter gray color. They show decided traces of iron in the higher bet~8, 
each be<l beginning or terminating, or both, with ferrn gino us beds 
composed of clay ironstone nodules in the midst of the sand. As the8e 
ferruginous sandstones are reached the Chemung fauna comes to its 
close and another series of deposits becomes dominant, which, in their 
pnrit.y, contained no marine faunas. They took the place of the Che­
mung series, bnt are not sharply distilict at the outset. 

In the Allegany County section this new series of rocks began down 
among the deposits containing theChemungfaunas, first as thin streaks 
of red argillaceous shale, a little below the first gravel sandstones and 
ferruginous sandstones and conglomerates, and, at the stage of the lat­
ter, the red. beds were of frequent occurrence, -but rarely over a foot in 
thickness. These red beds were apparently the continuation, nuder 
changed conditions, of the olive shales of the Chemung, which contained 
a fauna differing in the characteristic species from the sandstones in­
terstratified with them. At first the red beds held a few of the species 
of that fauna, but soon lol'lt them and were utterly barren at every later 
stage of their recurrence. 

Interstratified with the red, argillaceous shales and apparently taking 
the place of the sands occurring below, we find rather coarse, micaceous 
sandstones, generally very evenly bedded, the mica grains sometimes 
mingled intimately with the sand, causing a loose mealy structure; at 
other times the mica grains, almost pure, are laid out in thin sheets, 
making an imitation of schistose structure or forming very even, tlliu 
flagging. These micaceous sandstones have no fossils and are of a 
gray green to a dark green color, aml when weatherdd are often pep­
pered with dark brown spots, from the decomposition of minute fer­
ruginous gt ains. 

As we pass upward the red shales are more frequent and some layers 
become arenaceous, so that the mass of the deposits is of alternations 
of red argillaceous shales, red arenaceous shales and sandstones, and 
green micaceous sandstones aml shaly sandstones. 

At this stage some of the beds of olive sandy shale, with fewer 
and smaller grains of mica, contain large scales of Holoptychius and 
other fish remains, and ferruginous sandstones occur, with a restricted 
marine fauna which appears to be the successor of the Chemung fauna; 
and, finally, to close the series, a thick massive conglomerate appears, 
which, in this region, is called the Olean Conglomerate, composed of 
coarse silicio~1s sand and coarse, rounded, but little worn, often large 
sized quartz pebbles. 

It will be seen, in this brief review of the series of deposits, that the red 
and green shales and sands which take the place of the Chemung group 
and occupy the interval between it and the Olean Conglomer~te are 
the equivalents of those thick deposits which form so prominent a feature 
in the eastern part of New York State and extend southward across 
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Pennsylntu!a, &c., where they are known as tl1e Uat~kill gronp. They 
are feebly represented in the western part of New York, where the Up­
per Devonian is best represented. Tbe thick deposits containing De­
vonian plants at St. John, New Brunswick, and in the northeast, are 
undoubtedly a northern extension of the same series, although begin­
ning at a much earlier stage as measured by the progress of marine 
faunas. _ 

In regard to the Catskill group, my studies have led me to belien~ 
that the Catskill red rocks of the east offer evidence of having been con­
temporaneous with a great portion of the U ppcr Devonian rocks, and a 
comparison of faunas, at least, goes to show that the base of the red 
beds does not form a definite and uniform horizon. Influenced appar­
ently by the contrary opinion, Professor \Vhite makes a provisional up­
per limit for the Chemung group of Columbia County, Pennsylvania, at 
the lowest red rock, and calls the interval between this point and where 
the Holoptychius appears the Chemung-Catskill. (See Second Geol. 
Surv. Pa., G7, p. 63.) 

THE INTERPRETATION OF THE FACTS. 

Taldng the faunas as our criteria of chronological horizon, it seems 
more appropriate to speak of the red beds as appearing farther down in 
the Chemung group than to make a break in the series long before any 
permanent effect was produced upon the character of the faunas. 

The interpretation given by the English geologists of the Devonian 
and Uld Red Sandstone series is relevant here. The Old Red Sand­
stones, with their brackish water fish fauna and plants, are not suc­
cessors of the Devonian beds with marine fauna, but are the equivalents 
of the whole series from the base to the top of the Devonian. 

The Russian series clearly illustrates this point. Alternation is there 
seen <•f the two classes of deposits, the one containing the Devonian 
marine fossils, the other the sandy brackish water beds with the Ho­
lopt!Jchius, even in association with the marine brachiopods of Upper 
Devonian species. 

As we follow our Devonian series eastward, either in New York or 
in Pennsylvania, the lower position of the first red beds is conspicuous, 
and so long as the red sediments oceupied the ground only temporarily 
we may suppose the marine conditions were not entirely cnt off, and 
slight oscillations drove away aud brought back the marine fauna over 
any particular area, but when the marine conditions were finally shut off 
there was a termination of the marine fauna. This shutting oft' of the 
sea took place earlier in the eastern than in the western part of this New 
York-Pennsylvania area, and there is reason to believe that in Sullivan 
County, New York, it was as early as the reign of the Hamilton faunas. 
(This was shown to be a fact in Chenango and Otsf'go Conn ties by in· 
vestigations in 1885. Communicateu to Am. Asso. Adv. Sc. meeting at 
Ann Arbor, Sept., 1885.) 
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The Holoptych,ius evidently found its congenial habitat in tile midst 
of the red rock conditions. Its occasional appearance in strata below 
the termination of the Chemung fauna is rather confirmatory evidence 
of the actual presence in other geographical areas of those conditions 
from which the specimens strayed than evidence of any higher horizon 
th::tn tbat indicated by the same faunas elsewhere. 

In the Western New York area the gradual appearance of Catskill 
deposits was due to tbe encroachment of the land and fresh water con­
ditions upon the marine basin in which the Chemung faunas flourished. 
The Chenmug faunas continued to live there so long as the marine con 
ditious were sufficiently pure to maintain the'ir life, and I take it that 
there is nothing inconsistent in the view that Catskill rocks were being 
deposited in the Appalachian region at the same time tha(J Chemung 
rocks were being formed over Western New York areas and during the 
reign of the Chemung faunas. 

As the fossil faunas were traced upward in their successive stages, it 
was ascertained that, besides the changes occasioned by the dropping 
out of some species and the introduction of new species, the decreased 
abundauce of common forms, or the increased abundance of others, there 
was also a change in the dominant varietal modification of the mdre 
common forms. Detailed report of these modifications coincident with 
range and distribution will be more satisfactory after a wider territory 
bas been examined and a fuller series of species and specimens has 
been brought into comparison. But already some general remarks can 
be made as to the kind of changes detected. 

In one species, Spirifera mesocostalis, ranging from the base of the 
Ithaca group high up into the Chemung, a great modification of form 
and size was observed. The prevailing type, at its earliest appear­
ance, was small and with fine mucronate extension of the area; the 
later type, which was more abundant in the western than in th-3 eastern 
section, was large and coarsely plicate, with great exteusion of the 
front, and, though with short mucronate hinge area, this feature is not 
prominent and this dimensio11 of the shell is prominently short. lVIore­
over, while the later modification b wanting in the earlier faunas, the 
earlier type still exists in tLe later famms, but is relatively rare. A 
study of the species from a wider geographical territory will be required 
in order to determine how much these modifications are the effects of 
geographical conditions. 

One modification of this species was found to be entirely coincident 
wilh geological range in tLe collections at command. This is the grarl­
ual appearance and final promiuence of a median keel dividing the 
muscular impressions within the beak of the ventral valve. As this is 
one of the characters distinguishing the genus Spirijerina, it is iuterest­
ing to note its gradual assmnption as a purely varietal character of an 
undoubted Spirifera. This character is represented in Figs. 10 aud 11 
of Plate 40, Geol. ~urv. N.Y., Pal., Vol. IV, Pt. I, and slightly in Fig. 2. 

(308) 

I 

I 
I 



WILUAMS.l VARIETAL MODIFICATION OF SPECIES. 29 

I have examined a large number of specimens, but among the earlier 
representatives from the Ithaca group rarely is even a trace of this char­
acter seen; an occasional specimen, however, shows a slight ridge divid­
ing the muscular impressions. In the higher beds it takes the form of 
a strong median septum, but is less prominent in the small form associ­
ated with the prevailing type, but rare at that particular stage. Otlwr 
representatives of the genus presented traces of the septum at an ear­
lier stage. 

Another change in type associa,ted with the geological range of tlte 
species is seen in the case of Orthis impressa. In the lower part of the 
Upper Devo11ian (base of the Ithaca group) it differs little from t.he 
round, 11arrow form of 0. Tulliensis; in its later stage it is particularly 
wide at the front, with a wide, pronounced fold and sinus, and of large 
size. 

The Lingulas of the black, and later greenish, argillaceous shales pre­
sent a regular series from the minute Lingula spatulata of the black 
Genesee shales, through intermediate forms, to the typical Lingula 
Melie of the Ohio black shales. In this area the larger form is attained 
at an early stage of the Upper Devonian faunas. 

So far as at present observed, these varietal modifications of a specific 
type are at first represented by a few rare forms in tlle millst of abunclaut 
individuals of the typical form; aud as we go uvwanl the characteristic 
feature becomes conspicuous by l.Jeing assumed by a greater proportion 
of the inclividuals of the species, aml finally becomes the prevailing 
form, the original type then appearing only as au occasional variation. 

A few facts brought out in the course of these studies may be noted 
in closing this chapter. 

The vertical j'lwoid markings, as they are called, in the Portage 
sandstones and similar sandstones above, are evidently the borings of 
some kind of worm or boring .animal; and these markings, whatever 
they were, characterize the Chemung sandstones of the Allegany 
County section up to the conglomerates of flat pebbles. Above this 
point, and often in the sandstones associated with the flat pebble con­
glomerates, a similar marking is seen in some of the sandstone layers; 
but the size of the boring is always smaller and shorter, generally about 
half as large in diameter, and the borings are arranged much more 
elosely together. So that, although the organism forming them may 
have been of a ~imilar nature, the upper one was undoubtedly' of a dis­
tinct species. Tltis fact, we think, may help in tracing the horizon of the 
upper fucoid-bearing sandstones (as a name for which I would suggest 
Verticalis sandstones) toward tbe west, where the fossils are rare . 

.Also, on comparing our .Allegany section with those of McKean 
Conuty, Pennsylvania, it appears more than probable that what Mr . 
.Ashburuer calls the sub-Olean conglomerate is the e~uivalent of th~ 
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ferruginous sandstone, which approaches very near the base of the. 
Olean conglomerate, both at Olean and at Little Genesee, rather thau 
the Allegauy County flat pebble conglomerate, which is, more likely,, 
represented at a similar position at Bradford below Holopfychius beds, 
but above the appearance of the Chemung faunas, aud, ou 1\lt. Haub, 
was recognized some thr~e lmndred feet below the Conglomerate in the 
outcroppings on the surface. 

At Hornellsville, about half way between the Western New York 
section and that running through Ithaca, in Tompkins County, was seen 
a remarkable confirmation of the llypothesis advanced in regard to the 
position of the Ithaca fauua. Here was found exposed a section at the 
point of transition from the Portage to the Chemung fauna. Tile gray 
shales carrying the Portage fauna are preceded by a streak of black 
shale like the last representatives at Portage. With the Portage Car­
diola fauna was found the first Chemung stage of 8pirifera mosocostalis, 
with an Orthis, not the species common in the more western section, but 
the Urthis 1...'ioga of the ''Chemung" of the Cayuga meridian. Imme­
diately following the Cardivla fauna, in shales more sandy and ferrugi­
nous in character, was seen the fanna of tl1e lowest Ullemuug at Rusb­
ford, the Leiorhynchus fauna, with the exception that the eastern Orthis: 
took the place of the common form of the Allegany rocks. This was 
followed ahove by more sandy deposits, containing the typical Che­
mung faunas. The altitude and the rocks exposed along the railroad 
all the way to Elmira ]eave no doubt of a position stratigraphica1ly 
between six and eight hundred feet above the horizon of the Ithaca. 
group at Ithaca. The transition from the Cardiola fauna directly to 
the lowest Chemung fauna is also unmistakable, and the OrthisTioga it:l 
evidence of the genuiue Chemung fauna of the eastern section as dis­
tinguished from the lower Ithaca fauna. 

It furnishes evidence, th('refore, that the transition from the Portage 
to the genuine Chemung formation is far above the Ithaca group, and 
that the fauna of the latter is an earlier stage, and intermediate between 
the Chemung and tile Hamilton, and has no representative in the :--ec· 
tion in Wyoming and .Allegany Counties. 
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OI-JAPTER II. 

FAUNAS OF THE GENESEE SHALE AND THE PORTAGE GROUPS. 

· The exposures ofthe Genesee shale are uoticed fir:st, on going south· 
ward, along the northern line of Wyoming County, and most of the ex­
posures in the middle and southern part of the county are of the Portage 
group. 

These include the following stations: 468 Attica, 471 \Varsaw, 472 
Varysburg, 473 Bennington, including 473 A, the Dauhree quarry, and 
473 B, tlle section at Sierk's station, and 475 Java. 

Attica, Wyoming County, N. Y -468. 
Attica is situated 10 miles a little west of south from Batavia. Aft,er 

leaYing the limestone ridge there are few if any good exposures of rock 
directly south until near Attica, where the first traces of tlle Black Gene­
see sllale appear. 

The Tonawanda Creek runs directly through the town of Attica, but 
below this point it runs through clay and gravel banks until reacbiug 
the limestones of the northern towns. The creek is dammed just under 
the railroad bridge; the altitude of the railroad at this point is about 
a thousand feet (998) above the sea. The bed of the creek below the 
bridge is black shale- a fine exposure of the Genesee shale. The dalll 
covers its top, but, taking the railroad bed as a datum, I estimate that 
the top of the Genesee shale at this point is not far from 975 feet above 
tide level. 

The bottom is not exposed; hence the thickness cannot be given. 
Se,reral exposures were examined in and about Attica, giving sections 

468 A, B, C, D, E, and F. A combination of these several sections gives 
us a very fair representation of the general character of the base of tlJe 
Upper Devonian for this region. 

The Genesee shale is a black bituminous shale, when freshly brol\en 
giving out a strong odor of petroleum, and with dark bro·wn scratch. 
It is very e\enly bedded, compact, and when fresh from the quarry is 
massin~, with a conchoidal fracture. Upon weathering it becomes more 
fissile, but is geuerally a very fine uniform shale, withstanding the 
we2Jtller a long time without showing tendency to fissile cleavage. lt is 
seen best in 468 B. The fauna of this exposure (468 B) of the Genesee 
black shale is as follows: 
L ·ingula spatulata, varying from the minute, sharp beaked form clntrac­

teristic of the Genesee shales to the wider, more oval form of 1bc 
C.Ievelarid shales, Bedford, Ohio, called L. ]lfelif; and L. s·ubspatu­
lata by Ohio paleontologists. 

;)J 
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Sporangites, the same forms as those of the Ohio black _shales. 
Conodont teeth, identical with and including the majority of forms fig, 

ured by Professor Newberry in Rep. Geol. Surv. Ohio, Vol. II, 
Pt. II, Pal., Pl. LVII. 

Palwo; iscus scales. 

This fauna, therefore, agrees closely with that of Professor Newberry's 
Cleveland shale of Bedford, Ohio. The broader variety of t.l.J.e Lingulas 
is not only plainly a mere variation of the typical Lingula spatulata, but 
is quite indistinguishable from specimens of the Lingula of the shales 
at Bedford, Ohio, witl.J. which I have carefully compared it. The Bed­
ford specimens are generally of larger size, but those of the same size 
agree in form, convexity, and surface markings for the two localities. 

In the olive sit ales underlying the Cuba sandstones are seen Lingu~as 
which agree also in average size witli the ordinary L. 111.elie of Ohio. 

The close agreement in the species and in the combination of species in 
these two zones leads us to the opinion that we are dealing with the same 
fauna in the black shales of Genesee in New York and at Bedford and 
Chagrin Falls in Ohio, although the evidence has not appeared to prove 
that the horizons themselves are synchronous. 

The Genesee shale is followed by a soft argillaceous green shale, with 
Portage fossils. Toward the upper part there are some calcareous layers 
and an occasional thin layer of arenaceous shale. Then comes a second 
black shale, which is again followed by greenish shales; this hy another 
black shale, and so on for at least several hundred feet. 

It is an oscillation between two principal types of deposit, each of 
which becomes gradually modified in the same way as we ascend the 
series: 

First, the black shale in its pure condition seen in the Genesee shale. 
Second, the green argillaceous shale characteristic at the base of the 

Portage. 
These two alternate with each other, and with each change, as we as­

cend, the green shale increases and the black shale decreases in amount. 
The black shale at each stage of IL:5 reappearance is more arena­
ceous, assumes a decided iron stain upon weathering, and also weathers 
quickly to fine fissile chips, which, in the lower beds, long rrsist further 
disintegration, but in the upper beds have not the power of resistance 
and soon are reduced to soil. In the first reappearance of black shale 
above the Genesee shales there is still a strong petroleum odor upon 
fresh fracture, and when fresh from the quarry the appearance of the 
shale is black, massive, capable of conchoidal cleavage, and scarcely 
distinguishable from the Genesee shale below. But upon weathering it 
quickly reveals the presence of inequality in the minute constitution of 
the deposit, cau~ing it to cleave int >thin flakes. These first Portage 
black shales (~xhibit their relation to the. Genesee shales be~QW by the 
preseuce of t4e ~ame fossils, '· · · · · · · - .. 
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Linguht spatulata was taken from the black shale fully 100 feet above 
the Genesee shale, separated from it by the green argillaceous shales 
with a characteristic Portage fauna. 

Higher up the black shales rarely contain a single fossil. The green 
shales show the same grauual change from soft, fine, argillat3etJU~ ttHitt!­
rial to coarser~ mote {treiiacethis~ ahd mtlt'e irregular strata j ftl the tlppi3r 
1Hltt th~ s:.tndstone masses are interstratified with the softer argillaee.olis 
shales. 1:bere is also a change in the color~ the lighter green shales 
are more prominent in the lower part, and the black shales iose their 
color on going upward, till finally they are scarcely distingliishable 
from the accompanying arenaceous shales of the Portage group. 

468 D is a cut in a gorge southeast of the village of Attica, about two 
miles distant. The first rock exposure of the cut is, approximately, 
1,200 feet above sea le,·el. Stratigraphicaliy it begins somewhat above 
the top of 468 0 3, perhaps o\·er 100 feet. But 468 E is below its base 
and represents the intervening part of the section, although it is diffi· 
cult to determine the precise equivalency of the individual strata in 
the several ravines. The strata are composed of alternating masses of 
black and soft green shales. The lower part of the series presents thicker 
masses of black, and as we go up the black Bhales are less strongly 
marked, more arenaceous, and each succeeding mass is thinner thau 
the preceding. 

Tile cut 468 D 1 to D 11 represents something over 200 feet of strata 
and at the top the green shales eutirely replace the black. D 2 is the 
lowest seam of black shale in this cnt; it is very similar lithologically 
to the first black seam above the true Genesee shale and is but a few feet 
thick; its termination is not exposed, but when the next exposure ap­
·pears in the bed of the stream it is the gray green shale again; it con· 
tains Sporangites and Palmonicus scales, but no Lingulas or Discince 
were discovered. D 4 is a gray shale, rather massive and bard, followed 
by a second black shale containing Sporangites. A little higher, D5, gray 
shales predominate, but, with thin layers of dark shale, not so black as 
those below; but along in this part of the cut, for 100 feet, the light 
gray green shale& carry Sporangites and Styliola, the former very dis­
tinct in the light colored strata. In D 6 are some soft, argillaceous, light 
gray green shales, still showing traces of Sporangites. Styliola also ap­
pears in the soft, light shales at D 7• At D 8 the thin black layers are 
conspicuous again and hold Sporangites, but the gray soft shales prevail 
and carry the same fauna. At D9 the black layers have disappeared, 
and from this point- upward only dark bluish strata alternate with the 
prevailing gray green shales. In the darker parts Sporangites are occa­
sionally seen. With the ceasing of the black streaks the Portage fauna 
begins to reappear. Small aviculoid shells and Oa,rdiola speciosa are 
the first to be recognized at D 9, with Styliola. At D 10 the shales are 
light olive in color and soft, argillaceous, and quickly weathering into 
soil; in this stratum Oardiola speciosa is QOI;lSJ?icuous ; Pterinopeoten 
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Atticus, n. s., Leperditice, the broad variety of Lingula spatulata,, a small 
imperfect Pleurotomaria, a crinoid stem half a centimeter in diameter, 
and a minute Chonetes lepida constitute the fauna, so far as discovered. 
A little higher, D 10\ the shales are decidedly arenaceous, and from there 
to the top of the gorge the shales are harder and coarser and tbe oli\'e 
tints are replaced by bluish and darker grays. At nn Cardioh~ speciosa 
appears with a Hyolithes an<l Goniatites and some new forms. All tlle 
species of this cut are small, delicate forms, and are nowhere abundant, 
but require very close, careful search for their discovery. · Enough, 
however, was found to demonstrate the general relation of the faunas to 
the <lcposits containing them. 

It is evident, from a study of this series in connection with 468 A, B, 
and 0, that the deposits from the base of the Genesee shale, for several 
hundred feet at least, are the result of oscillating conditions which 
brought from one direction the black muds, highly bituminous in nat­
ure, and from another direction light gray muds, at first very fine and 
argillaceous and later mixed with coarser, silicious particles. 

The Palmoniscus scales are peculiar to the black shales. The Sporan­
gites, although characteristic of the black shales, are not confined to tllem 
so long as they were in the neighborhood, as is shown by their occurrence 
in the light, argillaceous shales interstratified with them, but when the 
black shales finally withdrew from this locality the Sporangites ·ceased. 

The Lingula spatulata is peculiar to the soft, argillaceous deposits, most 
abundant in the bituminous shales, and there typically represented; in 
the light colored shales only the broad and larger variety appears. 

The other species, the Cardiola speciosa, the A viculas, tile Pleurotoma­
ria, the Chonetes, the Leptodesma, the Hyolithes, and the Goniatites, be­
long to the fauna of the gray shales, rare in the pure, argillaceous sedi­
ments, but more abundant as the silicious and coarser muds were depos­
iting. 

Leperditia and Styliola may have been common to both faunas; the 
former was rare. Otller evidence shows the latter to be more abundant 
in the black shales. 

The Cardiola Fanna-468 A • 
. The following species have been identified in the soft, argillaceous 

shales at the Lase of the Portage: 
Cardiola speciosa,1 abundant. 
Styliola jissurella, abundant in some layers. 
Goniatites ~tniangttlaris Conrad several specimens, small. 
Gonia.tites complanatus. 
Lunulicardium fragile. 
Lunulicardiurn levis, n. sp. 
Coleolus acieula. 

1 The generic name Glyptocardia has been proposed for this well known species by 
_Profes~o:r _James Hall (1885). (See Pal. N. Y., Vol. VJ Pt. I, Larnell, II, p. X4XV.) 
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Sporangites, rare. 
Lingula spatulatct, the broad variety, a single specimen. 
Pleurotomaria? capillaria, fragments. 
Leperditia, sp., a few impressions. 
Aptychus of Goniatites? of G. uniangularis . 
.Aptychus ? or Spathiocaris ? (Clark), fragments marked like S. Emer­

soni, but broken so that the shape is not shown. 

In similar shales, but calcareous (02), there are, besides the Oardiola, 
Oalceola, and Styliola, which are the more frequent forms, a small Orthoc­
eras and a Palmoniscus scale of larger size than those in the blaek sllales; 
in another exposure, a small Loxonem,a ?, not preserving the exterior, but 
resembling the terminal portion of L. delphicola. The Styliolas often 
occur in elongated masses, which wcatlwr a yellowish brown from iron 
stain, and the shape of the masses suggests a possible coprolitic origin. 

DESCRIPTION OF TWO NEW LAMELLIBR.A.NCHS. 

Pterinopecten ? Atticus, n. sp. Plate III, Figs. 10, 11. 

This is a small species, with subquadrate form, hinge line straight 
and shorter than the greatest width of shell, ears small and indistinctly 
defined. The middle portion ofthesurfacemarked by irregular, rounded, 
radiate folds or plications, which bifurcate and are more conspicuous 
toward the front; the sides are either smooth or faintly marked by fine 
radiate strire. Concentric lines of growth are apparent over the whole 
surface, but not strong. The beaks are prominent, slightly arching over 
the hinge margin. Tile wing is not produced into a mucronate point, 
as in most of the Pterinopectens, nor is it shortened, as in the Lyriopec­
tens. The anterior ear is separated by a rounded sulcus at;td fold, but 
is not sharply defined. The posterior wing is much as in Lyriopecten. 

Dimensions of medium sized specimen: Length, 6.5mm; width, 5.4mm, 
Horizon amd locality: The soft, green shales, Middle Portage group, 

Attica, N. Y. 
Specific name from Attica: Lat. atticus, dwelling in Attica. 

Ptyc.,hopteria? mesocostalis, n. sp. Plate III, Fig. 9. 
A small pterinoid shell, oblique, similar in form to some of the smaller 

shells of Hall's genus Ptychopteria (see P. P.roto., Geol. Surv. N. Y., 
Pal., Vol. V, Pt. I, Pl. XXIII, Lamell. I), but marked across the middle 
by irregular rounded radiate folds, the sides by faint and finer radiate 
strire. The anterior wing separated by a sulcus and fold, the poste­
rior wing moderate, without mucronate extension, the ventral margin 
slightly concave and posteriorly broadly rounded into the posterior 
margin. With concentric rounded lines of growth. 

In its details this shell is marked almost exactly as the erect forms, 
found in the same rocks, which I have called Pterinopecten Atticus. I do 
not find intermediate forms. The only definable difference could be ac-
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counted. for by the development of this shell more obliquely and rapidly 
in the direction of its umbonal ridge. 

I am constrained, after much study of the material at hand, to regard 
the specimens, like Fig. 12, as a smoother and extreme variety of this 
species, although this would be more appropriately called a Leptodesma, 
except for the radiate stri:;e of the surface. These three forms, figured 
as 9, 10, 11, and 12 of Plate III, could be taken as types of three species, 
and even three distinct genera if we were to follow some of the modern 
usages in describing them. While I refer them provisionally to two dis­
tinct genera I believe that they are closely allied, and that they should 
all be included in the same genus, but that genus is neither of those 
named as they are now defined, but should be bounded by different 
characters. The present classification of Pterinea Goldfuss into the 
genera Actinopteria and Ptychopteria on the one side and Leiopteria and 
Leptodesma on the other, used in the fifth volume of the Palmontology of 
New York, leaves practically no characters for the differentiationofthe 
species concerned, except those of contour and general form, and when­
ever I have seen these species in abundance in the same locality the 
variations in both of these particulars are so considerable that it is diffi­
cult to believe that the division into so many species as are defined 
is either judicious or will be of any use to science further than giving 
a thorough illustration of the plasticity of this type of shells. .A.t a 
future time I hope to discuss this subject more fully. 

Warsaw, Wyoming County, N. Y.-471. 
This station is ten miles southeast of Attica ·( 468) and nine miles east 

of Varysburg ( 472). The town is in a valley with hills, both east and 
west, rising over three hundred feet. The altitudes are, for theN ew York, 
Lake Erie and Western Haiiroad station, 1,326 feet above tide; for the 
Buffalo, Rochester and Pittsburgh Railroad, on the west side of valley, 
1,117 feet above tide. The post office is reported by surveyors of the 
place to be 1,017 feet above tide. The hillsides are cut by several 
ravines, exposing two or three hundred feet of rock outcrops. 

Crystal Brook, Warsaw.-471 A. 
This ravine cuts down the hillside a little northeast of the village. 

The first rocky exposures may be 1,050 feet above tide, and they were 
examined upward about two hundred feet, to the first solid sandstone 
under the New York, Lake Erie and Western Railroad, at an altitude of 
approximately 1,250 feet. 

Thew hole exposure is composed of thin bedded deposits of argillaceous 
and arenaceous shales, with occasionally a stiff, thin seam of flaggy 
sandstone. The prevailing colors are blue gray near the bottom; the 
softer, more fissile shales are more greenish or olive. The general char­
acters resemble very closely those of 468 D, with the exception of the 
absence of black shales. No sanrlstone strong enough to form any con-
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siderahle fall is met with till we reach the top, and this seam is gray, 
but finer, harder, and more flaggy than the typical Portage sandstones. 
It is, however, calcareous. No traces of the Vertical is borings were seen. 
Underlying it are some soft, greenish shales, some layers of which are 
nodular. Under these are darker blue shales bearing the same fauna 
found in the upper part of 468 D. 

Omitting the consideration of the black shales and comparing the 
general character of the deposits and their fauna (that is, the olive 
shales gradually changing into bluish and more arenaceous deposits, with 
flaggy and wave marked structure, as we ascend), I should regard the 
ba8e of this section as occupying a stratigraphic position somewhat 
higher than the top of section 4G8 D. 

The aviculoid shell Pter-inopecten Atticus, abundant at 468 D 10
, at an 

altitude of 1,340 to 1,350 feet, is identical with the species most abundant 
in the Warsaw station 471, at an altitude of about 1,200 feet. The fol­
lowing 100 feet of the .. A..ttica section (468 D) takes us up to sandy and 
flagg:y deposits; in the same way the upper deposits of 4 71 are sandy 
and flaggy, following soft, light colored shales. 

'rhe species of 4 71 A 3 are -
Oardiola speciosa., abundant. 
Lunulicardiwn levis, n. sp. 
Styliola flssurella, rare. 
Pterinopecten? Atticus, n. sp., abundant. 
Ptychopteria ? rnesocostalis, n. sp. 
SporangUes, rare. 
Eu01nphalus ?, a fragment. 
Goniatites uniangularis. 
Fragments of crinoid stems. 
Ooleolus ?aC'icula. 
Aptychus of Goniatites. Plate III, Figs. 3 and 4. 

The specimens figured are of a small, thin, scale-like fossil, black when 
the substance is preserved, and apparently chitinous originally. In 
outline it has the ~bape of a transverse section of the outer chamber of 
Goniatites, like G. bicostatus, and of the same size as would fit such 
specimens as have been found in the same horizon. 

The shorter specimen (Fig. 4) may belong to a more closely coiled 
species, like G. uniang~tlaris, which also is found in the same rocks. 

The more perfect specimen (Fig. 3) is 8.3mm long, 5.2mm wide, and the 
depth of the rounded sinus is 2mm. This is supposed to represent the 
·groove formed by the inner coil of the shell partly inclosed by ~he outer 
lining chamber. The Aptychus is not flat, but transver3ely arched, the 
arching confined to the central portion, and marginally it is nearly fi<}t. 
I find no reason to doubt that this was an Aptychus of one of the 
Goniatites so frequent in the Portage rocks, and in size and form it 
agrees very closely with the figures in Keyserling's vYiss. Beob. Reise 
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Petscbora-Land, Pl. 13, Figs. 3-7, and referred by him to Aptychus (see 
pp. 286, 287, and Fig. 5 particularly). The specimens were from tile 
concretions in the Dominick black shales. It is one of the same class 
of objects referred to Oardiocaris by H. ·wood ward, Geol. Mag., London, 
vol. 14, p. 386, and to Spathiocaris by J. M. Clarke (Am. Jour. Sc., Vol. 
XXIII, 3d ser., p. 477). The recent discoveries of Kayser, Dames, and 
Woodward leave no doubt of the Aptychus nature of some of the so-called 
phyllopod crustacea of the Silurian .and Devonian. 

The specimens here figured are of the type called Anaptychus by Offel 
and belong to the group Simplices of Zittel's classification (Palreont., Vol. 
I, Part 2, p. 403), consisting of a single piece. It is probable that all 
the forms from the Portage rocks described by J. M. Clarke .as Spathio­
caris and Oardiocaris, and possibly some other genera, are of a similar 
nature. (See Dames, Zeitschrift d. deutsch. geol. Gcsellsch., 1882, Vol. 
XXXIV, p. 819; Neues Jahrbuch, Bd. I, 1884, p. 178; and vVoodward, 
Geol. Mag., Dec. III, Vol. II, 1885, p. 345, and Plate IX.) 

Lunulicardium Munster. 
Several specimens from the green shales of the Lower Portage group 

are referred, after considerable study, to the genus Lunulicardi~tm as 
restricted by Zittel (Handb. d. Paleont. Vol. I, Part 2, p. 3G) and asap­
plied by Hall (Geol. Surv. N.Y., Pal., Vol. V, Pt. I, Lamell. II) to snell 
forms as Avimtlafragilis Hall of the Geol. Report, 4th dist. N.Y., p. 222 ... , 

The specimen figured on Plate III (Fig. 7), on careful comparison with 
.genuine examples of L. fragile from the Marcellus shales and higher, is 
found to be indistinguishable, except in its more gibbous form, which is 
ascribed to its better preservation through the possession of a thicker 
shell. The typical forms of L. ftagile were evidently very thin and are 
found in the fossil state crushed very flat, but always with more or less 
wrinkled surface. These Portage specimens occasionally show fine radi­
ate strirn on the surface, a character recorded as appearing on well -
preserved specimens of L. fragile. 

In the more oblong forms (Plate III, Figs. 5, 6, and 8) the fine radiate 
strirn are pretty generally visible upon magnifying the surface, and tile 
position, length, and direction of the byssal fissure are those of L.fragile. 
In one specimen (Fig. 8) the lip of the byssal gap is reflected, as in well 
preserved specimens of L. fragile, but in another specimen (Fig. 6) of 
the opposite valve the lip of the opening is inflected, as in some of the 
Limas. The latter appears to be a right valve and the former a left 
valve. 

In each of the oval specimens opposite the byssal opeuiug is a very 
small angular extension of the cardinal margin, upon which are two or 
three sharp radiating plications or lateral cardinal teeth. In tllis feat- . 
ure they recall such forms as 1~1ytilarca (Plethomytilus) ov~j'ormis Hall of 
the Hamilton group (Geol. Snrv. N. Y., Pal., Vol. V, Pt. I, Lamell. II, 
Pl. XXXI, Figs. 7 and 8), but the direction of growth and the curvature 
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of the shell and direction of the beak are distinct. The cardinal angle 
is also much more prominent in that species. While there appears 
reason for regarding the shells under consideration as allied to the 
Mytilarcas, as may possibly be also the L. fragile, taking all points into 
consideration they fall more naturally under the genus in which L. 
fragile is found. 

I propose for specimens figured on Plate III, Fig. 6 and Fig. 8, tbe 
name Lunulicard-ium levis, and refer provisionally to the same species 
tlle larger form, Fig. 5. 

DESCRIPTION OF LUNULICARDIUM LEVIS. 

L1mttlicardium levis, n. sp., Pl. III, Figs. 6 aiHl 8. 

Shell medium size, obliquely oval, with sharp, short beak nearly cen­
tral, with byssal gap starting close under the beak on the anterior side 
and reaching obliquely about one-half the length of the shell, lip re­
flected in the left valve and inflected in right valve, the front broadly 
rounded and curving around regularly to near the beak on the poste­
rior side, where is a slight angular extension of the hinge margin, upon 
which are two or three well defined radiating plications which may be 
lateral cardinal teeth. Surface nearly smooth, with concentric line~ of 
growth and very fine, radiate strirn. 

Dimensions: Length, 20mm ; width, 15.2mm; length of byssal fissure, 
12.9rnm; angle of byssal lip with central axis of shell, 40o to 41 o. 

Horizon and locality: The green shales of the Lower Portage group 
at Varysburg and Warsaw, Wyoming County, N. Y. 

Varysburg, Wyoming County, N. Y.-47~. 
At Varysburg three sections were examined, 472 A, B, and C. The 

position of this station is about se-ven miles south and a mile or so 
west of the Attica station 468. The altitude, estimated by railroa<l 
grade, is 1,239 feet above tide level. The bridge across the Tonawanda 
Creek in the valley is approximately 1,121 feet above tide level. Along 
the banks of the stream some thick layers of black shale appear, with 
interstratified masses of the olive Portage shales. But we are here near 
the top of the black shale deposits, the highest traces of which were 
4 72 B5 at 1,:no feet and a thin streak in section 472 C. 

These are not pure black shales, but contain particles of pyrite aiHl 
mica mingled with the arenaceous particles of the including strata, an<l 
they show tt·aces of Sporangites. 472 C0 is a more massive black streak 
of the same shale, several inches thick; by its physical characters it is 
evidently one of the last of the recurrent deposits of the black shale. 
472 A and B are sections on the west side of the valley, while the section 
C runs off to the northeast along the gorge of St,ony Brook, and trav­
erses 160 feet of strata, the top sandstone C6 reaching an altitude of 
1,345 feet approximately. 

(519) 



40 UPPER DEVONIAN FOSSIL FAUNAS. [BULL. 41. 

472 A is an imperfect section directly west of the village, traversing 
about the same strata as those seen in B. 

The sandstone in the midst of this section is apparently the same that 
is worked in the quarry at 472 B and met with again in the section Cat 
C3• Above this sandstone no black shales have been seen. In section 
A it is several feet thick, massive, calcareous, of a gray color, weather­
ing brownish gray, fine grained, and hard. It contains in the npper 
layers the perforations called Fucoides verticalis in the State reports. 

The sandstone is followed by irregular layers of thin sandy shales 
and thicker olive shales, not fissile, but blocky in fracture and of rough 
surface, and in places nodular, the nodules a bon t the size of hickory 
nuts and calcarceous; the shale is also slightly calcareous. A few fos­
sils were found in these olive shales, but in a poor state of preservation. 

The fauna determined is as follows: 

Oardiola speciosa. 
Lttmu.licardiU'In levis, n. sp. 
Goniatites complanatus. 
G. bicosta tus. 
Lucina Wyomingensis, n. sp. 
Lucina V arysburgia, n. sp. 
Orthoceras (frag.). 
Pleurotomaria (frag.), ('! P. capillaria). 
Crinoid stems. 

All rare, but the Oardiola and Goniatites are more common. 

Quarry of the Tonawanda Valley ancl Cuba Railroad- 47~ B. 
This quarry is west and about fifty feet above the station of the Ton­

awanda Valley and Cuba Railroad at Varysburg. The top of the ledge 
from which quarry stone is worked is·1,292 feet above tide. 

The upper course is two feet thick, with a tendency to divide into two 
one foot courses. This is 472 B1• It is a light olive gray, massive sand­
stone, calcareous, and perforated in the upper part by numerous tubes 
of the so-called Fucoides vertical is j these are filled with the darker 
ma.terial similar to the overlying shales. It weathers to a cream olive 
or brownish gray, but has very little iron impurity and is a fine grained, 
finn sandstone. 

B2 ·lies upon a six inch 1rtass of fine, blue, fissile, argillaceous shale, 
which separates it from the second two foot course of sandstone, which 
is a solid, compact, and even textured calcareous sandstone of light 
green gray color, like that above, except that the worm tubes, Fucoidcs 
verticalis, are wanting. Below t.his, separated by thin layers of soft 
shale, are two thin courses, respectively twenty and ten inches thick, 
forming the bottom of the quarry. There are no worm borings in these 
lower courses, but the petroleum odor is more apparent than in the upper 
sands. 
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The total thickness of this sandstone ledge is thus about seven feet, 
and it has furnished some very fine stone for railroad bridges and heavy 
masonry. In the shales forming the partings there are seen a few chips 
of fus~il wood, but no other fossils were detected. 

B4.-Under the sandstone is about ten feet of a greenish, nodular, 
calcareous shale, irregular and with rough fracture, mainly argillaceous; 
the upper half is more nodular, the lower strata becoming more even 
and smoothly stratified. This is nearly barren of fossils, but in it 
were seen traces of a small Cardium, with prominent beak, and a small 
?Goniatites. Below this is a fifteen inch course of sandstone like the quarry 
stone above, underlined by green gray, nodular shales, which run down 
into bluish gray, rough surfaced shales, and at about three feet from the 
base of the sandstone there is a few inches of fissile, finely laminated, 
black shale (B5), with petroleum odor and Sporangites. Under this, as far 
as was examined, were alternations of argillaceous, bluish green shales, 
with the thin, arenaceous shales so common in the Upper Portage depos­
its. The former shales are distinctly calcareous, and a single small 
Palmoneilo was found about fifteen feet below the base of the quarry. 
TLis Palreoneilo is of the type of P. brevis and P. Bedfordensis, but of 
much smallt3r size. It agrees in shape and marking more closely with 
the Hamilton form P. plana, though but one-third the size. I have pro­
Yisionally called it a variety of the latter species, with the varietal 
name Varysburgia; it is seen again in 472 0 1• 

Stony Brook, Va1·ysburg -47~ C. 
The first rocky exposure is approximately 1,185 feet above tide. Be­

ginning from the base and running up it presents the following char­
acters: 

C00 is a tough, calcareous sandstone, seen just at the water's edge. It 
is greenisll gray in color, but is not a pure sandstone, showing some 
admixture of the greenish shale. It is immediately followed by C0, 6 
inches to a foot of compact, black, bituminous shale, containing an occa­
sional Sporangites and fragment of carbonized wood. Minute pyrite ac­
cretions are also seen, and an occasional worm boring perforating its 
lower layers from the green sandstone., C00, below. The line of super­
position is irregular, as if the surface of the sandstone material were 
broken up and disturbed during the deposition of the first part of the 
black shale. The green, sandy shale occurs in irregular lumps and lay­
ers, and the black shale itself, after it began to be deposited in thin, per­
fectly smooth layers, is seen, on a cruss section, to be interlaminated 
with very thin sheets of the lighter shale. 

C1.-Above the black shale is, first, a foot of smooth surfaced, gray 
shale without fossils, followed by two inches of fine, soft, argillaceous 
shale, greenish gray in color, not very fissile, but breaking up in blocky 
flakes, with rough, uneven surface, and containing numerous fossils, 
and slightly calcareous-a frequent character of the fossil bearing sllales 
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of the Portage group. It appears like a soft mud deposit, stirmd np by 
worms or mollusca moving about on the bottom, though the material is 
identical with the fine, smooth, fissile, olive shales met with in the same 
series. Where this shale cleaves with a smooth, even surface it is ex­
tremely rare to find the least trace of a fossil. 

The fauna of this shale (01) is as follows: 

Oardiola speciosa ( = Glyptocardia speciosa Hall, 1885). 
Ooleolus acicula. 
Goniatites bicostat'tts ? 
Lum.tlicardium frag-ile. 
Pleurotomaria, a fragment,? P. capillaria. 
Pa}cconeilo plana, variety Vm·ysburgia H. S. W. (n. var.). 
Orthoceras, a fragment of a small, slender form. 
Leda divtrsa. 

The first two species of this list are common; the Goniatite is repre­
~ented by several fragments; the other forms are rare. 

These fossiliferous shales are followed by a few feet of blue gray shales 
like those below, capped by two layers of hard, sandy shales occupying 
a foot and a half, the lower part wavy and perforated by the Verti­
calis worm borings, the upper part concretionary and greenish in color. 
Above this for some fifty feet, are alternations of the greenish, soft, argil­
laceous shales, and thin, darker bluish, more arenaceous layers, with an 
occasional thin, black streak, quite black near the bottom, but only rec­
ognized by a darkening of the ordinary bluish shale toward the top. An 
occasional Cardiola speciosa, but no other fossil, was detected in the mass. 

This is terminated by a solid, compact, gray sandstone, 0 2, two feet 
tltiek, darker than those above, but like them in having the upper part 
pent•trated by the worm borings called F'tteoides verticalis. The fill­
ings are darker than the matrix and are apparently composed of the 
material of the overlying shale. This is 0 2 ; it is calcareous and in gen­
eral character is like the majority of the gray sandstones of all this 
region. They may well be denominated Verticalis sandstones and are 
generally light gray in color, rarely less than two feet in thickness, cal­
careous, and very generally give out a strong petroleum odor when 
freshly quarried, which they lose upon exposure to the atmosphere. 
'.rlJe Verticalis borings are sometimes wanting, but the top layer of the 
mass will generally be found to contain these markings. The Portage 
satu.lstones of Portageville and the falls are a well known example of 
them when deposited in thick masses. 

In the sandstone, 4 72 0 2, a single fossil of considerable importance 
was found. It consists of a fragment of a fish · plate, an inch wide by 
an inch and a half long, thin on one edge, but tapering at one corner 
to a tllird of an inch in thickness. The surface markings consist of 
tubercles partly confluent and resemble the markings of the Holop­
tychius giganteus scale figured in Murchison's Silurian System. It 
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may be a fragment of the dorsal shield of some such fish as the Aspidichthys 
of the Huron shale, but the tubercles are not isolated, are closer together' 
and more confluent than in Dr. Newberry's species of Aspidichthys clav­
atus. From the thickness of the fragment I infer that it belongs to a 
dermal plate, and refer it provisionally to Aspidichthys clavatus Newberry. 

Above C2 the sandy shales, in their alternation, predominate over the 
olive shales; they are moref'requent, and stand out on the clitl's as stiff 
seams two to eight inches in thickness. 

Nineteen feet above the top of 0 2 is the base of a second VerUcalis sand­
stone, C3, eight feet thick, but not in a compact ma.ss, being broken up 
by thin, shaly partings, though one solid layer two feet thick lies at the 
top. This is calcareous, as usual, and is impure by admixture of a little 
material of the green shales; also traces of iron are seen in the slight 
brownish tint of weathered surfaces. The ordinary nodular, olive shale 
underlies it, and this rests on the blue shales, which are becoming 
more common among the tougher, arenaceous deposits of these uppet· 
beds. In the bed of the creek a broken block of 0 3, or something very 
similar, contains a large Oladochonus, with cups nearly two centimeters 
long, and on the same slab are the impressions of a Oardiola speciosa 
and a Chonetes lepida. This fragment shows no trace of lime, but this 
is not strange, as some of the sands by weathering seem to lose what 
little calcareous matter they may have contained. The light olive shale 
associated with 0 3 is slightly calcareous, not fissile, but with blocky fract­
ure and rough surface, approaching the character of the nodular shales. 
In it I fonnd a specimen of what I first supposed to be Oardiomorplta 
subo1·bicularis, originally referred to Ung'ltlina. Several specirnem; of 
this shell have been taken from various exposures of these olive shales 
of the Portage, presenting some features not referred to in the descri p. 
tions of tlw species. These are figured in Plate III, Figs. 13 and 1<1, anll 
described below under the genus Lucina of Bruguiere and refet red to 
new species, L. Wyorningensis and L. Varysburgia. (Seep. 44.) 

The sandstone, C3,is immediately followed by tough, wavy, arenaceous 
layers, running up, in a few feet, into blue shales, then green shales, n nd •• 
the peculiar nodular, olive shales of rarer occurrence at this posi tiou. 

These characters continue in irregular order for about tweu ty feet 
more, when a 1 bird Vertical is sandstone appears, 0 4• This is very siln­
ilar to 0 3 in general characters and thickness. The upper part, particu­
larly, shows the Verticalis markings. The nodular shales unt.lerli e this 
sandstone as they do the sandstones of lower position. 

In the green nodular shales the following fauna appear: 

Goniatites Pa.tersoni. 
Nucula corbuliformis, var., a small variety, in form and markings like 

corbuliformis, but about half tile normal size. 
Ortlwceras pa.cator. 
Lucina Varysburgia, n. sp. (~= Ungulina subo·rbicularis Hall). 
Oladochon'l..ts, sp. Same as seen in the Eastern Portage. 
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DESCRIPTION OF TWO NEW LUCINAS. 

Lucina Wyomingensis, n. sp.. Plate III, Fig. 13. 

Outline nearly circular, abont 12mm wide; hinge margin nearly 
straight, lOmm long; urn bone subcen tral, small, extending slightly be­
yond the hinge margin. Shell evenly arched, the umbonal ridge sub­
angular anteriorly near the beak, but rounded beyond. Surface with 
strong concentric ridges, no radiate strirn, except on tlw cardinal 
angles, where are several sharply defined, radiating strirn, stronger 
toward the margin and reaching under the beak; eight or nine of these 
ridges can be seen each side the beak, occupying the space of 4mm 
from the cardinal angle, beyond which no traces of strirn can be seen. 
The concentric folds are about the size of the larger folds of Lucina 
(Paracyclas) lirata, which the shell resembles. From that species it 
differs in the more erect beak, in the radiating strirn at the cardinal 
angles, and in the absence of finer intermediate concentric striro; the 
concentric folds are rounded, and not sharp as in L. lirata. 

From the Portage shales at Varysburg (472 A). 

Lucina Varysburgia, n. sp. Plate III, Fig. 14. 

Outline of shell nearly circular, 17mm long, 18mm wide. It resembles 
in form the Parcwyclas Ohemungensis of Hall, Geol. Surv. N.Y., Pal., Vol. 
V, Pt. I, Lamell. II, Plate XCV, Fig. 23, but still more the figure of 
Ungulina= Oardiomorpha suborbicularis, l883=Edmondia 1 tenuistriata, 
1885, GeoJ. Surv. N.Y., Pal., Vol. V, Pt. I, Lamell. II, Plate LXIII, Fig. 
9. The surface is nearly smooth, slightly and evenly convex, except in 
the presence of a slight sulcus, separating a triangular port,ion of the 
anterior ¥ cardinal angle. The cardinal angles near the margin are 
marked by radiate Htrirn fainter and fewer than in L. Wyomingensis, but 
of the same character; four or five are visible on each side. There are 
faint concentric strirn visible near the margin of the shell; also very 
faint radiate lines. 

In a second specimen, which is crushed, but appears to belong to the 
same species, there are stronger concentric folds ::1ear the front margin. 
Tlte beaks are erect and nearly central, low, and scarcely extending 
beyond the hinge margin. Upon first examination I was inclined to 
refer this form to the species originally described as Ungulina subor·· 
bicularis by Hall in Geol. of N.Y., 4th dist., p. 243, Fig. 2, 1843. This 
was figured in plates and explanations of Lamellibranchiates, Geol. 
Surv. N. Y.,Pal., Vol. V,Pt. I, Lamell. II, Plate LXIII, Figs. 9,10 (issued 
in 1883), under the name Oard-iomorpha suborbicularis; but in the fina1 
volume (Vol. V, Pt. I, Lamell. II), published in 1885, the species is alto­
gether discarded and the Figures 9 and 10 are referred to another genus, 
Edmondia ?, and described as a new species, E. tenuistriata, on page 393. 
(See also Am. Jour. Sci., ~3d ser., Vol. XXXII, p.192.) The original is 
said to come from the shales of the Chemung group near Elmira, instead 
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of Eighteen Mile Creek, Portage group, from which the original of Un­
[JUlina suboTbicularis is recorded. So far as literature goes, we are left 
no means of distinguishing Un[Julina ,ftuboTbicularis, ex.cept the original 
brief description in the Geology of New York, first dist., 1843. The 
condition of the specimens is too imperfect to enable us to recognize such 
surface markings as are given on Fig. 10, Plate LXIII, Geol. Sun~. N. 
Y., Pal., Vol. V, Pt. I, Lamell. II. The specimens before us also diil'cr 
from the Ungulina and from any described Lucinas of the Devonian in 
the radiating stri::e on the cardinal angles. 

This mass, 472 04, tends to be :fl.aggy and break up into layers an 
inch or a few inches thick,. and it is less easily separated at the top from 
the coarse shales that follow. A few feet above the solid part of this 
sandstone mass the shales are bluish and break up into irregular slabs, 
rough surfaced, and a few of the layers contain abundant specimens of 
the Spirophyton cauda-galli. 

C5.-The shales containing the Spirophyton are rather darker than the 
general color in this part of the section, of bluish green tint, and cal­
careous. Worm tracks are abundant, producing markings very similar 
to what are usually called Fucoides graphica, if not identical with them . 
. These conditions continue upwards, varying somewhat, but with the 
general character of coarse, blue gray shales and thin, arenaceous layers 
occasionally containing numerous specimens of Spirophyton, till we 
reach the highest· sandstone of the section, 0 6• 

C6.-This is a thick ledge of solid sandstone about 8 feet in thick­
ness at the thickest part exposed. It appears to be a lenticular mass, 
thinning out in two directions; the grain is a little coarser, mica specks 
are more numerous, and the weathering gives it a decidedly yellowish 
tint, from the p1·esence of iron. It is not calcareous, so far as observed, 
nor were any traces of the Verticalis worm·borings seen, though they 
may appear in the top layers covered by soil. 

This terminates the rock exposure of this ravine; the top of C6 is ap­
proximately 1,345 feet above tide level, or 160 feet above the base, 
472 C00• This section shows us the general law of the appearance of 
the Verticalis sandstones in relation to the black shales. The sand­
stones first begin to appear soon after the last black shale ; after a 
genuine VeTticalis sandstone of two feet or more in thickness has ap­
peared, no black shale is seen again. The sandstones appear in this 
section about twenty-five feet apart, becoming thicker above and farther 
separated from one other. 

They certainly begin in the midst of the green shales of the Portage, 
with its characteristic fauna, and, as will be shown further on, continue 
after this fauna ceases; their order of appearance in thin shales is sim­
ilar in each case: the nodular, green, calcareous shales precede the sands 
and the bluish and more arenaceous deposits follow. The greenish shales 
are evidently the mark of the older conditions and the bluish shale of 
the later, as the former are more frequent and characteristic below, 
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while the bluish shales and thin, :flaggy, and ofte.n wave marked sands 
are characteristic iu the higher part of the series. 

In relation to other sections, the base of 472 0 probably laps over the 
top of 468 D, the latter not reaching quite to 0 2, but passes to the top 
of the recurrent black shales. 

DESCRIP1'ION OF WORM TRACKS. 

Arenicolites duplex, n. sp. Plate IV, Fig. 9. 

In the green shales in the lower part of the Stony Creek section was 
found the single specimen which is figured in Plate IV, Figures 9a and 
!)b. This was lying horizontally in the rock and combines several in­
teresting features. At the free end (upper in the figures) the specimen 
presents in each of the arms the characters so frequently met with in 
the New York Devonian, and when regular often spoken of as Fucoides 
graphica. When closely examined these are found to be not stems 
leaving their impression in the mud, but the fillings of grooves made 
in the surface of the mud and filled by repeated depositions of thin lay­
ers of mud in the groove. In the lower part of the figure will be seen 
the mode of joining of the two tube fillings, curving around in a regular 
arch, the arch being repeated a number of times at different places, but 
nowhere as strong as the side tubes. This character is repeated in the 
forms called Spirophyton (see particularly Spirophyton vel'ttm of the 16th 
Ann. Rep. Reg. Uuiv. N.Y., Plates LXXX, LXXXI, originally fig­
ured by Vanuxem in the Geol. N.Y., 3d dist., p.177). I liken them to 
the vertical borings called by Salter Arenicolites and by various authors 
Scolithus and Fuco·ides, and consisting of tubular fillings more or less 
vertical in the rock. 

I select the generic name A ·renicolites, following Salter, who pro­
posed to restrict this name (an adaptation of Binney's name Arenicola) 
to those worm borings counected by a loop or appearing in pairs and 
showing double openings (see Salter, Quart. Jour. Geol. Soc., London, 
Vol. XII, p. 248, 1856; Vol. XIII, p. 204, 1857). 

The explanation of the formation of such dissimilar markings by the 
same organism is easily understood by watching the Cl}mmon earth 
worm penetrating deep into the soil, out of sight, and after a rain 
storm coming to the surface, stretching out its length, and by sudden 
retraction drawing sticks and leaves and loose fragments into the mouth 
of its tube. 

I can imagine how a worm with slightly modified habit might bore 
its tube in the mud and with its posterior part anchored in the hole 
throw its body out, curving it to one side, and thus form a loop, which, 
by sudden retraction, would leave the kind of mark seen in the Spi­
rophJJton. And it is easy to conceive how the same kind of worm which 
left its mark on the surface might perforate vertically in the :mud, as 
we find worms doing today. 
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I call this specimen A.renicolites duplex, but imagine the maker of the 
track was nearly related to the maker of the markings called Spirophy­
ton, and that the vertical borings so common in the sandstones of the 
Upper Devonian were made by the same kind of animal, though many 
species or even genera may have been engaged in forming these various 
worm tracks. 

Daubrec quafl'y, Bennington, Wyoming County, N. Y.-473 A. 

This quarry is situated on the hillside above the railroad, westward, 
between Sierk's and Earl stations on the Tonawanda Valley and Uuba 
Railroad, 3k miles south of Attica. According to estimates basc(l upon· 
the grade of the railroad, the top of the quarry is approximately 1,4G5 
feet above tide. The rock outcrop was first struck about 40 feet below 
the top of the quarry and measured up; a few outcrops below this point 
furnished specimens, but their altitude was not measured-only their 
order. 

A\ altitude 1,426 feet, a calcareous sandstone averaging a foot in 
thickness, gray olive, with Verticalis, followed above by seven and one­
half feet bluish and nodular shale. 

A2, altitude 1,4332- feet, two feet of massive, gray, calcareous sand­
stone, weathering brownish, with Verticalis, followed by six feet of bluish 
and nodular, olive shales, then an 11 inch sandstone scam, then five feet 
and a half of shales and a six inch seam of sand, then nine feet shales, 
in which Spirophyton and the so-called Fucoides graphica appear, bring­
ing us to the base of the main quarry stone. The shales immediately 
under it, bearing Spirophyton, are greenish gray, calcareous, and rather 
soft, breaking with rough surface. 

The quarry stone, A 3, is light gray, calcareous, and very uniform and 
massive; in the quarry it is composed of a ten inch course at the 
bottom, then what appears to be a solid course of seventy-one inches 
(but in quarrying there are a few lines of cleavage), on top of all a fourteen 
inch course, in the upper part of which Vertical-is tubes are abundant. 
Above the quarry about twenty feet are exposed of blue gray shales, 
and towards the top a few thin sandstone layers. The fifty feet below 
A 1 is composed of bluish and gray shales, with hard, :flaggy, arenaceous 
layers, and below, at about 1,375 feet to 1,380 feet, is a layer of nearly 
pure limestone, outcropping in a ledge of several inches thickness, hut 
mostly covered, a few feet above which is a stratum of black, fissile 
shale with Sporangites. 

The next exposure examined below this i.s at Sierk's fStation, where 
black shales appear both above and below the railroad, and they con­
tinue upward, appearing in considerable thickness, certainly fifty feet 
above the railroad. There is a thickness of 275 feet above the lowest 
black shales at Sierk's before they entirely cease. Taking the upper beds 
of the black shales as criteria, there would be evidence of very little, if 
any, dip from Attica (468 D) to Sierk's (473 B), and even at Varysburg 
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(472) they reach above 1,200 feet in their recurrences. A.t Java, eight 
miles farther south and three miles west of Varysburg, the black shales 
appear in thick masses considerably above 1,200 feet altitude, and un­
derlying the flue, thick sandstone, a !Jove 1,300 feet altitude, is a layer of 
black shale with Sporangites and a strong smell of petroleum. This 
quarry sand of 473 A.3, if we regard it as equivalent to 0 6 of 472, which 
is also underlaid by a shale bearing Spirophyton, dips to the south at .. 
about fifty feet to the mile. 

If now we compare this with the Java section (475) we find that the 
first strong sandstone stratum (475 A 6 ) actually underlaid by a black 
shale lies over seYenty feet higher than the first sandstone of Varys­
burg ( 4 72 C2). And across the county, eastward, the highest streaks 
of ulack shale do not reach much above 1,050 feet altitude, at Portage 
Falls, but the sands beginning at tile upper falls occur in masses 
scores of feet thick before an altitude of 1,300 feet is reached. 

These facts tend to show that in this region the rocks show as great 
differences on passing from west to east in line of the supposed strike 
as they do from north to south in line of the dip. The relation strati­
graphically between the black shales and the Verticalis sandstones is not 
uniform: eyen within the limits of a single county. There is nothing 
to show that there is any consider<:~ ble folding of the general rock 
masses to account for these differences. 

The only feasible explanation seems to be that the Vert-icalis sand­
stone is stratigraphically connected with the cessation of the black 
shales, and that the black shales run up higher in the midst of the Port­
age green shales, as we trace them upward, in a western and southwest· 
ern direction. 

This points to a possible explanation of the apparently much higher 
position of blaek shales in Ohio, in relation both to the lower deposits 
and to the subcoal conglomerates, upon which point further light must 
be thrown by the study of the sections farther west as we approach and 
enter Ohio. 

Sierk's Station (T., V. & C. R. R.), Wyoming County, N. Y.-47$ B. 
The railroad grade at this station is approximately 1,100 feet above 

tide level. The profile of the road, which I was permitted to consult 
through the kindness of Mr. J. V. D. Loomis, general freight and pas­
senger agent at Attica, gives the original survey of the road, but I was 
not able from the maps at hand to locate precisely the present station 
at Sierk's. Taking the altitude of the grade at Attica as 998 feet and 
at Earl's as 1,178 feet, I estimated that Sierk's crossing is not far either 
way from 1,100 feet. About fifteen feet below the railroad, the lowest 
exposure is a massive, black shale. The black shale is the principal 
rock, though for twenty-five or thirty feet upward blue shales alternate 
with it. 
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The black shales, 473 Bt, resemble very closely the second recurrence 
of black shale at Attica, as seen in 468 C3 or 468 E. It is fissile, with 
some arenaceous particles, weathers with brown iron stain, has petro­
leum odor in the freshly opened strata, and con~ains Sporangites and 
Styliola. This station is three miles a little west of south from station 
468 C and E, and the black shales at the bottom are nearly on a level 
with the lower black shales of 468 C3 and E. The section 468 D contains 
no such massive black shale and begins about a hundred feet higher. 
It is evident, therefore, in these three miles going southward, either 
that the black shales increase in thickness upward or that there is very 
slight clip of the rocks, not over fifty feet in the three miles. This is 
further corroboration of the view expressed in the discussion of 473 A. 
(Seep. 47.) 

Ravine east of Java Village, Wyoming County, N~ Y.-47~ A. 

This station is nine miles north of Arcade ( 47 4), about eight miles 
southwest of Varysburg (472), and two or three miles west of the di­
rect line from Attica (468) to Arcade (474). In direct line it is about 
twenty miles west and a little north of Portageville, lying about six 
miles north of the latitude of the falls. The altitude is estimated 
from a series of levelings run from the railroad at Java Center, 4 75 A 6, 

showing the top of this sandstone to be approximately 1,315 feet above 
tide level. 

This sandstone (A6) is a ledge of about two feet workable sandstone, 
as seen in the old Macoou quarry. It is a solid gray sandstone, the 
thickest course averaging a foot in thickness and calcareous. Two 
brachiopods were detected in it, one a minute shell, like a Gyrtina, but 
too indistinct to he clearly defined, the other a large Spirifera, over an 
inch wide, the best specimen crushed, but showing the ventral sinus with 
plications about the same size as those on the main part of the shell. This 
is plainly of the S. disjuncta type, but it would be difficult to determine 
it certainly. What is preserved of it looks like a Spirifera disjuncta 
with extended hinge and moderate area. With these were found frag­
ments of crinoid stems. T!Jis is the lowest point at which traces of the 
Chemung fauna have been seen along this meridian, and it is of particu­
lar interest on account of the prominent stratum of black shales under· 
lying it by only a few inches bearing a few Sporangites and, when 
freshly broken, giving ont a strong petroleum odor. The sandstone has 
the same odor when freshly broken. It is followed above by soft, argil­
laceous shales, much as in the 1\icGee quarry at Arcade (474 A), and 
lies upon a few inches of similar shales (475 A 5a). The black shale 
(A5) is massive, six to eight inches thick, a decided black, but not the 
brown black of the lower representatives. Below the black shale, for 
some fifty feet, the rock is the ordinary alternation of bluish shales and 
thin sandstones, the httter often wavy and fiaggy, as seen in the Upper 
Portage series. At this point is a heavy sandstone ledge which could 
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not be reached, forming a fall of some twenty or thirty feet. Under 
this ledge the cliff is composed of soft green shales, with frequent bands 
of black, increasing in thickness toward the bottom, with an occasional 
seam of the green, nodular shales such as those seen at Varysburg and 
other places. At abont thirty-five feet below the brink of the fall the 
green shales were examined and fn~nished numerous small fossils (A 3). 

A 3.-This is an olive gray shale, soft, argillaceous, calcareous, and 
nodular in places. The fossils determined are-

Cardiola speciosa, numerous. 
Coleolus acicula, rare. 
Palmoneilo (small). 
Goniatites (minute). 

Below this are a few feet of shale, then another strong black streak, 
another mass of olive shale, and a thick mass, six feet or more in thick­
ness, of brown black shale ( A2

), with Sporangites and strong petroleum 
odor; under this is seen, in the bed of the stream in the village, a gray 
sandstone, AI, very similar to the bed at the base of 472 C, calcareous, 
with petroleum smell and traces of crinoid stems, but no other fossils 
were detected. This base is not far from 100 feet below A6 and at · a.n 
altitmle a little over 1,200 feet above tide. 

It \vill be seen from this description that the black shales continue to 
recur frequently up to, say, 1,250 feet altitude, and are represented by 
a stratum of six inches average at 1,300 feet. If we compare this sec­
tion with that at Portage ~"alls, we appear to be perfectly justified in 
regarding it as equivalent to the rocks underlying the upper falls, that 
is, entirely below the genuine Portage sandstones. This conclusion ap­
pears to be supported by the general nature of the strata as well as by 
their stratigraphic order. Though lying at a considerably higher alti­
tude than the Portage Falls sandstones, the facts of the apparent run­
ning out of the black shales and of the absence of any thick, massive 
sandstone up to the top forbid co-ordinating it with lower strata of the 
Portage section, where the black shales are frequent, or with strata 
above the Portage sandstones, where the black shales cease to appear. 
But the occurrence of the Spirifera, of decidedly Chemung type, shows 
plainly that when the sandstone 475 A 6 was deposited the Chemung 
fauna could not have been geographically far distant and was in full 
force somewhere. 
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CHAPTER III. 

THE PORTAGE SANDSTONES AND THE FAUNAS OF THE CHE­
MUNG GROUP. 

As we approach the southern boundary of Wyoming County the 
Portage sandstones form the principal rock outcrops and slight traces 
of the Chemung fauna begin to appear. Crossing into Allegany County, 
the Ohemung rocks are the only rocks on the hills, though in the north­
east corner of t4e county the lower rocks are still Pol'tage, and in the 
southern part of the county the higher hills are capped by conglom · 
erates-the flat pebble conglomerate in several places, but the Olean 
conglomerate at J..Jittle Genesee. 

The group of rocks included in this chapter are represented at the 
following stations : 

Wyoming County: Arcade, 474; Allegany County: Rushford, 476; 
Cuba, 4 77; Black Creek, 4 7 8; Rockville, 4 79; Belfast, 480; Caneadea, 
481. Here is also included the section at Portage Falls, 482. 

Portageville, Livingston Connty, N. Y.- 48~. 
The Portage sandstones, as seen in section 482, were early recognized 

as an important member of the Upper Devonian series in 'Vestern New 
York. 

Prof. James Hall, 1n the first reports of the State survey, described 
them as exposed at Portage Falls and regarded them as characterizing 
the close of the Portage formation and separating it from the Chemung 
group above. 

"The upper part of the Portage group," he says (Geol. of N. Y., 4th 
dist., 1843, p. 484), "consists of a mass of slightly argillaceous sand­
stone, compact and tine grained, from 150 to 200 feet thick, in some 
places containing pyrites which stain the rock an iron rust color. This 
rock is quarried in blocks from 1 to 3 feet thick, and of any required 
thickness and any required size; it breaks easily when first quarried 
and will scarcely stand the vicissitudes of climate." 

These Upper Portage sandstones are regarded in the early reports as 
characteristic of the termination of the true Portage series iu this part 
of the State. The presence of the "vertical fucoids" in this heavy 
sandstone is another character marking the terminal mass. (See op. cit., 
p. 24:8.) But it did not escape the acute observation of the New York 
State geologist that these distinctions between groups of continuous 
sedimentary deposits must be, from the nature of things, provisional 
and in great measure local. 

The reexamination which I have made of these deposits brings to 
light another fact, viz, that the conditions associated with and marked 
by the deposition of these gray sandstones- which were generally 
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slightly calcareous, and when frc8h distinctly bituminous to the smell 
and showing almost universally the presence of the "vertical fucoids" 
at their upper junction with the shales- were the conditions regularly 
following the termination of the black shales. .Although in some cases 
there may have been thin deposits of the sandstones between black 
shales, it is not until after the cessation of the Devonian black shales 
that these massive gray sandstones appear in full force. When they ap­
pear in the midst of the Portage shales containing the Portage fauna 
they are, so far as observed, barren. The lower down in these Portage 
shales we find them, the darker, the more finely graine~, and the more 
impure are they by admixture of argillaceous matter; and after reaching 
the Chemung faunas the sandstones are of lighter color in the western 
areas of the State and of purer sand and coarser grain in proportion to 
tho lateness of the beds in the general Chemung series. 

The altitudA of these sandstone deposits at Portage Falls is between 
1,100 and 1,200 feet above the sea. The New York, Lake Erie and 
Western Railroad bridge passes over the gorge at an elevation of 11314 
feet above tide level. The top of the quarry sandstone is about 100 
feet below the bridge, or say 1,200 feet altitude. Good quarry stones 
are found at the level of the old canal road, which is at an altituue of 
1,125 feet to 1,130 feet along these cliffs, and, even considerably lower, 
thick courses of the sandstone are seen, but there the shales prevail. 

The prevailing color is a pure light gray of slight1y o1ive tint, abou 
the same shade as the Rockville stone, somewhat lighter than the upper 
stone of Wyoming County, north, and darker than the upper Rushford 
stone. Tile Cuba stone has a decidedly lighter shade and a more open 
and coarser texture. No fossils have been seen in these typical Port­
age sandstones. The black shales are reeoguized nearly-up to the up­
per fall, which may be regarded as the first genuine stratum of the 
sandstone, but no black shales have been detected .. by me in this sec­
tion above the strong stratum of 3 or 4 feet thickness of this sandstone. 
Iuterstratified with the black shales below are seen the regular gray and 
olive shales of the Portage group, containing the Portage fauna, Octrdiola 
speciosa, Goniatites complanatus, Palceoneilo plana, var. 

The lighter colored bands have the peculiar nodular structure fre­
quently fouud in the Portage formation. The highest band of black 
shale I saw in the ravine contained a few well defined specimens of 
Sporangites. The petroleum odor associated with all these gray sand­
stones following the black shales of the Portage group gives strong 
reason for the opinion that they are the sandstones which occur farther 
south, and there, covered by thick masses of overlying strata, contain 
the oils reached by drilling. 

McGee Quarry, Arcade, Wyoming County, N. Y.-474 A. 
This quarry is on the hillside south of Arcade, about three-fourths 

of a mile from the center of the town and east of the cemetery-. 'fhe 
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top of the main quarry stone ledge, A 2
, is approximately i ,GOO feet 

above tide. This altitude is based upon railroad grade at Arcade and 
measurement from that by aneroid barometer. Both Locke level and 
barometer have been used in obtaining levels in this survey, and while 
I regard them as approximately correct for purposes of geological com· 
parisgns of levels of the respective rock exposures, they may often vary 
several feet from the absolute altitude above sea level.! 

The region north of Arcade for several miles is high rolling land, with 
heavy soil, and directly north no rock exposures are met with till pass­
ing beyond the summit in Java township. 

Th!3 quarry 474 A is composed of the following courses from below 
upward: 

A0.-Three foot sandstone, fine working and soft when first quarried, 
running below the base of the quarry as now worked. This is followed by 

A 1.,.-Six inches of soft, blue, argillaceous shale, weathering quickly 
into a tough clay; 

A 2 is a 16 inch sandstone, compact; and 
A 3 is six or seven inches of thin parting of soft blue shale; then six 

inches irregular sand; then slate with sandstone veins and masses, or 
what may be called a clay bre~cia, appearing as if it were a clay bot­
tom which bad assumed some solidity when it was violently disturbed 
by the rapid insertion of the sa,nd, often with mica, so tllat the clay 
nodules, like broken lumps, are in the lower layer of the sand and all 
mingled with it. This peculiar condition of rocks has been observed 
in several localities, associaterl. with the incoming of the conditions in 
which the Chemung fauna appears. .A similar rock appears farther 
east, at the base of the Catskill rocks. 

A 4.-Then follows a 13 inch sandstone, compact and calcareous; at 
the top of this sandstone, separating it from the course lying above, is 
another layer of the peculiar claystone conglomerate ; then a 20 inch 
course of sandstone; then a 6 inch course. 

A5.-The whole is terminated by an uneven mass of the clay pebbles, 
embedded here in a calca~eous mass of purple color, with some sand, 

1 Though I have employed an aneroid considerably in the past few years-using a 
Trough ton & Simms registered, compensated for temperature- so far as the machinery 
is concerned, I am convinced, after trying several instruments, that the more delicate 
the instrument the more certain it is to be affecte(l by the atmospheric fluctuations 
and to record only approximately altitudes which require more than ten minutes in 
passing between them, even under like conditions of temperature; and in the field, 
without a stationary barometer for comparison, altitudes determined by a single read­
ing cannot be considered as more than approximately correct when pressure of atmos­
phere is the basis of the determination. 

All the altitudes given in this report, unless particularly stated as railroad grade, 
must be regarded as subject to such correction. The error in any case, however, I do 
not believe is enough to serwusly affect the geological considerations for which the 
measurements are made, as in each case the diurnal fluctuations aml the changes 111 

temperature have been taken into account, as well as the general atmospheric condi­
tions, in making up the estimated altitude. 
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but principa1ly calcareous matter composed of fragments of shells and 
bryozoa and crinoid stems, very much pulverized, but showing their 
source in the occasional fragments, large enough to examine, and ter­
minating above in soft, argillaceous shales. 

In this quarry the sandstones are of a gray color, weathering brownish 
or chocolate, then bleaching upon long exposure to a purer gray, and 
some fresh spemmeoo W<1Ve a strong petroleum odor. No Verticalis bor­
ings were detected. Even weathered samples are calcareous, but fresh, 
light gray samples are highly calcareous, and the purple layers, such 
as terminate A4

, are more calcite than sand. 
The layers of soft, green, argillaceous shale, whether in layers or in 

pebble-like nodules embedded in the sandstone or limestone, are not cal­
careous. There appear, also, at these intervals, between compact sand­
stone and thick strata of green shale, thin, vein-like streaks, very un­
even but in the main horiz.ontal, stratified with the shales, of nearly pure 
quartz sandstone, varying from a sixteenth of an inch to an inch or so 
in thickness. They are often pure white or very light gray, with not 
a trace of calcite. There are also frequent partings of grains of mica, 
forming very evenly laminated, :flaggy layers, from a quarter of an inch 
to several inches thick. 

In the arenaceous limestone layers there are traces of several fossils 
which are decidedly distinct from the Portage fauna. The limestone 
has a purplish tint and is distinctly crystalline in some parts. It ap­
pears to weather quickly by solution of the calcite, leaving a greenish ­
brown, loose, crumbling sandstone. Among the pulverized fossils several 
generic characters were identified (but they are too fragmentary for the 
determination of specific relations): little bryozoan stems like Oeriopora, 
numerous small sections of crinoid stems, pieces of a brachiopod with 
the structure of Orthis, a small Spirifera with plications in the ventral 
fold, another portion of the beak of a Spirifera, which may be the same 
species, the surface characters not visible. From the fragments ob­
tained the Sp·ir~fera appears to be of the S. Archiaci type of S. dis­
juncta, nearS. Whitneyi Hall or S. Orestes Hall & Whitfield, from the 
Rockford beds of Iowa. Although it is not possible to strictly identify 
the species, it is important to note that it is a representative of the 
group of spirifers so common in the Chemung group. In some parts 
of this strange deposit are found numerous bivalve crustacea, Estheria 
and Leperditia, and Entomis ?, the latter of a green color m· filled with 
green phosphatic~ mud. In section 475 the sandstone, 475 A6, has a 
Spirifera similar to those just mentioned. 

Although in both cases we see only slight traces of tlre fauna, I feel 
confident that what we do have is not the disintegrated material of an 
earlier age, but sigmfies the presence, at no great distance geographic· 
ally, of the fauna which we know immediately followed the close of the 
Portage while these deposits were being made. The nature of the de­
posit and its associatiOns are very similar to the calcareous stratum at 
High Point, Naples, Ontario County, in which a peculiar fauna for New 
York rocks was discovered, an account of which is given in Am. Jour. 
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of Sc., 3d ser., p. Vol. XXV, pp. 97-104, 1883. There is nothing in the 
fragments found in stations 474 A and 475 A to prevent them from be­
longing to the same fauna and the probability is strong that they are 
from a common source. Further search should be made for this inter­
esting forerunner of the Chemung fauna of New York. 

Although the precise equivalency may not be determinable between 
this particular limestone deposit and any other series of deposits in 
which this fauna does not appear, it is a very suggestive fact that here 
for the third and fourth times traces of the Iowa Devonian fauna occur 
in New York deposits just at the point of transition from the Portage 
fauna, which seems to be peculiar to the east, to the Chemung fauna, 
which occupied the interval between it and the lowest coal formations. 

Rushford, Allegany County, N. Y.- 476. 
The altitude of Rushford at the railroad station I estimated by ane­

roid readings running from Attica and to Cuba to be nearly 1,500 feet. 
These were long runs, but as they were severe tests upon the accuracy 
of this kind of estimate of altitude it was gratifying to learn later, 
through Mr. W. E. Wormelsdorf, the engineer of the railroad, that the 
measured altitude of Rushford station was 1,504 feet above tide. By 
aneroid estimates the deposits 476 G0 arc 1;350 feet or less, 481 A is 
about 1,600 feet in altitude, 481 B near 1, 700, and 4 76 A is not far from 
1, 770 feet above tide. 

The dip along Caneadea Creek is slight; near A it is perceptibly north­
ward, but nearly level elsewhere, and it is probable that here is the 
southern rise of the gentle undulations in the rocks which produce but 
slight variation in the general southerly dip of the rocks in this part of 
the State. The dip is rarely more than fifty feet per mile and except 
in very limited areas rarely less than fifteen feet per mile southwestward. 

The section 476 A is a ledge exposed alongside the railroad near the 
bridge, No. 57, between two and one-half and three miles north of Rush­
ford. 

A 1.- At the top are exposed six feet or so of soft, argillaceous shales 
which weather to an olive green; no fossils discovered; mica partings 
are seen, and by continuous deposition of the mica occasionally sheets 
an eighth of an inch thick separate the soft shales. 

A 2
.- Under the shales are about six feet of sandstone and mixed sand 

and clay. The sandstone at top is rather coarse, of loose texture, with 
occasional mica grains, with some iron stain and occasionally ironstone 
nodules, not calcareous, weathering brown, dark brown, to almost choco­
late black. -The san<lstone rests on a kind of mixture of sandstone and 
clay nodules, with large roundish masses of micaceous limestone or con­
cretions of dark greenish gray, with much mica and fragments of wood 
fossilized. These calcareous masses haYe the petroleum odor common 
to many other similar masses. Where they are in contact with the shales 
fossils appear. 

A 3 is a second shale underlying the mass A 2 ; it is a bluish, fine, mud 
shale, not so evenly bedded as A. 1, but breaking with conchoidal fracture 
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when not weathered; this is veined with horizontal streaks of almost 
pure silicious sanrl, very light gray, with rough surface, often showing 
worm tracks. In the midst of the shale is an uneven mass of sandstone 
similar to that above, varying from eight to ten inches in thickness, and 
below are shales similar to those at the top. In a part vf the exposure 
the color of the sandstone of A 1 at the juncture with the clay nodules 
(whether from weathering or not is not apparent) is a decidedly brownish 
red, the red of the Catskill rocks farther east, and the sandstone is 
slightly calcareous. It . contains a unique fauna, though mingled with 
some Ohemung types. 

Fauna of the Centro nella Red Band.- 476 A~ . 

Of the fossils the most abundant form is a small terebratuloid shell, 
in size and general form most closely resembling Oentronella Julia 
Winchell, of the Marshall sandstones. Next to this in abundance is a 
large, winged form of Spirifera disjuncta. 

There are also -
Rhynchonella ? camerifera Winchell. 
Productella Shumardiana, var. 
Pleurotomaria, sp. 

I 

Rhynchonella contracta, var. (See Pl. 54 A, Figs. 50, 51, and pp. 417,418, 
Geol. Surv. of N.Y., Pal., Vol. IV, Pt. I. The specimens of this 
station resemble the finer plicah~d forms of Rockford, Iowa, which 
were referred to R. contracta, var., and in a note were said to re­
semble young of R. eximia Hall.) 

Nucula, n. sp., marked like aN. lamellata, but in outline approaching a 
Grarnmysia Hannibalensis (such as Meek gave in Pl. XVI, Fig. 
5c, Geol. Surv. of Ohio, Vol. II, Pal.). 

Nucula, n. sp., gibbous, quadrate, beak nearly central. 
Oytherodon ( Schizodus) pauper ? 
Crania, sp. 
Amboccelia umbonata, var. recta. 
Naticopsis ? sp., an allied form, new. 
An incrusting Bryozoan-fragments. 
Crinoid stem fragment. 

476 B is a little outcrop of six feet, about thirty feet below 476 A. It 
is mainly thin layers of a very tough sandstone interstrati:fied with softer 
shales. The sandstone is light colored, not calcareous; in one stratum 
the sandstone is very calcareous and appears to be a concretionary 
layer, not in balls, but nearly conti~uous. 

B1.-The sandstone contains several fossils ; the first two species iru 
the list are abundant. 
Leiorhynch~ts mesocostalis, varying to L. sinuatus. 
Amboccelia umbonata. 
Rhynchonella contracta, var. 
Productella speciosa toP. hirsuta. 
Spirifera mesocostalis, second and first varieties with median septum· .. 
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Streptorhynchus? (small). 
Orthis impressa? large (faint). 

57 

B2
.- In a softer piece of shale from this horizon a Spirijera disjuncta 

was seen. 
B3.-The calcareous streak contains A.mbocmlia and traces of the Strep­

torhynchus. 
The form and variation of the species of the sandstone B 1 are very 

similar to the species met with several hundred feet lower in a similar 
stratum in the shales at 47G G. 

Tile outcrop 476 0 is near bridge No. 59 and may be fifty feet lower 
than A. The principal stratum, 0 1, is a strong, massive sandstone or 
six feet thickness at the bottom of the exposure, with soft argillaceous 
shales above for fifteen or twenty feet, interrupted by an irregular 
stratum (02) of sandstone, averaging about a foot in thickness, in the 
midst of arenaceous shales, and in places becoming coarse sand of loose 
texture, weathering yellow upon exposure. At one part of the expos­
ure the sandstone is very coarse, more like a fine conglomerate, with 
pebbles as large as an eighth of an inch in diameter and of flattened 
form, resembling iu general character of the mass the lowest conglom­
erate or flat pebble conglomerate, as seen at 484: D and other places. 
This contains fossils, as will be seen beyond. 0 3, a shaly mass underly­
ing this seam, contains also fossils of a decidedly Ohemung type. This 
is strongly calcareous in places. 

A calcareous slab from the bed of the creek appears to be from the same 
.stratum, and its fauna will be given under 476 Bx, as it contains in fine 
state of preservation several species not found in the exposure in place. 

On going down to the village thicker masses of conglomerate were 
found in the fences. This conglomerate, in the character of the gravel 
composing it and the fossils contained, appears to be identical with 4 7G 

. 0 2 in its coarser parts, and it is reasonable to infer that the conglomer­
ate in the fences, with Ohemung fossils and appearing there in slabs of 
several inches thickness, is from the same horizon as 476 0 2 or was de­
posited at a recurrence of the same conditions higher up; 476 A ap­
proaches very closely to the same conditions. In the latter, coarse, loose 
sand is seen, with a few pebbles, but no mass of gravelly sand or fine 
conglomerate. 

476 0 1 is a fine, massive sandstone, in thick courses, without shales, of 
6 feet thickness. The bott~m courses are stained brown upon weather­
ing and show mica grains conspicuously through the mass. A single 
fossil was found in this part of the sandstone, a dorsal valve of a large 
Productella, which may be defined as a large quadrate P. lachrymosa, 
moderately gibbous for a dorsal valve and showing clear indications of 
the radiating wrinkles which are more prominent in carboniferous 
species. The upper part of the sandstone is in a course of some 2 feet 
thickness as it appears in the ledge, massive, a pure gray, of uniform 
tex~ure. with strong petroleum odor upon fracture, which the specimens 
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have not lost after six months in a dry room. There is only a faint trace 
of calcareous matter in these sands and the upper courses show only a 
slight yellowish tint of gray upon weathering. 

Above the sandstone 0 1 are soft shales (02), tending towar,i a green 
color at first and strongly iron stained on weathering; on passiug up­
ward a few feet the shales become sandy (03) and in places calcareous. 
The fauna appears to be the same for both and the lithological charac­
ters seem to vary locally in the relative prominence of the shales, sandy 
shales, or calcareous layers. 

C3 contains the following fauna: 

Spirifera mesocostaJis (common), var. 2 and 3, with high area and strong 
median septum. 

Athyris Angelica, several specimens, but not common. 
Spirifera disjuncta, var. like S. ltVhitneyi. 
Rltyncltonella contracta, var. (small) common. 
Productella 1t1:rsuta?, rare. 
Streptorhynchus Ohemungensis, several. 
Oentronella Julia, rare. 
Mytilarca Gltemungensi~, one specimen. 

A fine slab filled with fossils was found in the bed of the creek between 
C and B, and marked Bx. The fauna of 476 Bx, as well as the character 
of the rock, leads me to regard it as belonging to the same horizon as 
476 C3• It is more fossiliferous and is a calcareous mass which has in 
all probability fallen down from the clitf at some point the continuation 
of 476 0 3• 

The species identified are: 

Streptorhyncltus Ohemungensis, large, gibbous, of the quadrate form, with 
mucronate ears. 

Spirifera disjuncta, the variety with high area and quadrate form. 
Spirifera? Whitneyi, a single specimen presenting some of the charac­

teristics of this Iowa form, but com}Jarison of many forms leads 
me to think this but an extreme form of the S. disj1lncta type. 

Rhynclwnella contracta, a small variety, resembling var. saxatilis Hall, 
Geol. N.Y., Pal., Vol. IV, Pt. I, p. 417, Pl. 54A; also another 
variety very similar to Fig. 23, Pl. 55, but not belonging to the 
species R. duplicata, to which that figure is referred. 

Productella costatulct, with concentric wrinkles. · 
Athyr-is An[Jelica. 
Orthis M·ichelini. 
Chonetes scitula. 
Oentronella J~tlia. 
Ohretetes, sp. 
Productella onusta. 

476 oz is an outcrop of sandstone south of the exposure of 0 1 and 
somewhat higher. I was not able to trace its exact equivalent in the 
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cliff above 0 1 and conclude that the character of the seam rapidly 
changes. At 0 2 it is not over a foot thick, not massive, but is a coarse, 
sandy layer, tending to pebbly conglomerate in places, weathering yel­
low, and is in the midst of the same soft, rough shales which lie above 0 2• 

The fossils are Streptorhynchus Ohemungensis (large), Rltynchonella con­
tracta, Spirifera 'lttesocostaJis, and some crinoid fragments. Markings, 
like those called Fucoides graphica, are conspicuous on the surface next 
the shales. The sandstone is hard and very compact in some parts; 
in other places it suddenly becomes coarsl'\ and loosely agglutinated, 
and contains pebbles an eighth of an inch in size, forming a fine gravel 
conglomerate. 

476 Cis a coarse sandstone forming a stratum above 0 3 and is proba­
bly t.he continuation of 0 2• It is a loose grained, coarse sandstone, 
weathering yellow, not massive, but apparently a local bed. It con­
tains-
Spirifera mesocostalis, second and third vars., with strong median septum 

and moderately high area. 
Produ,ctella lachrymosa. 
Rhynchonella contracta, varying to the form called R. suborbicularis. 
Orthis impressa, large, broad form (frag.). 
Orthis (111ichelini or Vanuxemi), small. · 
Centronella Julia. 
Rhynclwnella contracta (small var.). 
Bellerophon mmra? (internal casts). 
Orthoceras Demus ? 

0 4.-0ther slabs of sandstone were found .loose in the creek below with 
a similar fauna: In one hard silicious layer the following association of 
species was met : 
Leiorhynchus of the L. sinuat·us and L. 1nulUcosta types. 
Productella, resembling P. hirsuta, but with strongly wrinkled margins. 
Amboccelia umbonata. 
Spirifera mesocostalis, second var. with median septum. 

These sandstones (02, C, and 0 4) are not calcareous, but are more 
purely silicious than the ordinary sandy layers of this neighborhood. 
The loose conglomerate masses met with in the fences between 476 A 
and Rushford are composed of fine, silicious pebbles, often dark in color, · 
but after weathering coated with a dark brown covering of iron stain. 
The pebbles are of the fiat form met with in the lo.wer conglomerates 
farther south, and the masses appear to be at best only a few inches 
thick, grading at their upper or lower surfaces into coarse sandstone. 

The following species were found in these fragments: 
Spir-ifera disjuncta. 
Spirifera mesocostalis, with median septum, the small and the coarse 

type both represented. 
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Euomphalus, sp. ~ This is represented by only a fragment, but it has the 
character of this genus so far as it goes. 

In these more northern exhibitions of the flat pebble and fine, polished 
gravel cong·lomerate the fossils associated leave no doubt as to their 
general position in the series. Tile presence of Spir·ifera mesocostalis 
with Spirifera disjuncta shows us that this conglomerate was not re­
stricted to the closing stage of tile life history of the Chemung faunas. 
In middle and southern Allegany County S. mesocostalis had been ab­
sent from the faunas a long time before the laying down of the typical 
deposits of the flat pebble conglomerate occurred, as at Wolf Creek 
and Portville. The period of the deposit of the Olean (the Portville) 
conglomerate was doubtless of long continuance, a period of violent 
oscillation, of rapid erosion, and of rapid spreading out of the coarse 
sediments. It put an end to the marine conditions for all this eastern 
area and closed the Devonian age. But my study of the section herein 
discussed reveals the general law that the faunas of the Upper De­
vonian in this area maintained their integrity longer the farther distant 
they were from the center of origin of the sediments, which must have 
been somewhere in the region of the Appalaehian axis, and also that 
the coarser shore deposits, worn pebbles and gravel, were occasionally 
carried out and spread over the bottom during a comparatively early 
stage of the Upper Devonian faunas. 

Interpreting this for V\t ... estern and Central Pennsylvania I should ex­
pect there to find greater thickness and more numerous deposits of 
coarse sand and worn pebbles below the Olean conglomerate. extend­
ing far down into the Chemung period, as marked by the life; but I 
should expect the fossils to be ra:r:e after the appearance of the red and 
micaceous green shales, and the few that did appear should represent 
earlier stages of the faunas than those appearing in like lithological 
conditions in Western New York. 

Caneadea Creek, below East Rusltford.-476 G. 

This section continues from 481 C upward. The shales at the base G0 

are more bluish than lower down, but are fissile and weather much in 
the same way. They contain more fossils and a few more species, but 
they are evidently of the same fauna. The streaks of hard, nearly 
white, silicious material are more frequent, and calcite appears in thin, 
greenish white, argillaceous layers. Mica appears occasionally, pep-_ 
pering the surfac~s of some of the thin shales. 

476 G0 contains the following species: 

Leiorhynchus mesocostalis, abundant in layers. 
Leiorhynchus multicosta (or L. sinuata), var. 
Orthis impressa, large, wide form, frequent. 
Spirifera mesocostalis, second var., mucronated, rare. 
A.mbocmlia umbonata Hall, var. 
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Rhynchonella Stephani, var. approaching R. Saffordi var. 
Athyris Angelica. 
Worm tracks. 
Productella lachrymosa, var. stigmata. 
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The Leiorhynchus is more common where the shales and sandy layers 
meet. 

In the higher layers of the shale, where the sandy character becomes 
predominant (G1), there is a Rhynchonella difficult to distinguish from 
the more regular forms of the Leiorhynchus occurring below. One of 
them is distinctly the Rhynchonella contracta of Hall (Pl. 55 A, Fig. 30, 
Pal. N.Y., Vol. IV, Part I). Others are irregular in the plications, more 
like Leiorhynchus multicosta Hall, and are possibly what Professor HaU 
has called L. sinua.ta. 

For the first thirty feet above, the thin shales (G2
) and sandstones pre­

vail, the sands in the upper part appearing as thick as six inches. At 
thirty-five feet a strong seam of sandstone (G3) of three or four feet thick­
uess appears, with some thin shal~ partings, so that the mass cleaves 
upon weathering into layers six to ten inches thick. In some of the expos­
l'lres the sandstone is broken into thin, flag-like slates by thin layers of 
pinkish mica. Higher the fissile shales appear, but the fossils are not 
seen, and the arenaceous layers are more frequent and thicker than be­
low. About ninety feet above G3 appears a second massive sandstone 
( 4:76 G4). This forms the top of the cliff. Although I co\].ld reach its base 
I could not get at the top of it, which was covered by loose talus from the 
shales still higher. It appears to be from six to eight feet thick. For 
eighteen inches or two feet at the base it is solid, massive, of a gray 
color, weathering to a slight brown or chocolate tint, and of loose text­
ure; above the rock is more firm aud gritty, but no specimens were found 
to be calcareous. This is probably the rock referred to in the Report 
on Geology of the Fourth District of New York, p. 485, as extensively 
nse(l for grindstones and. quarried. It is the only exposure seen between 
Oaneauea and I~ushford likely to furnish material fit for such a purpose. 

Just under G4 Rhynchonella contracta, Spirifera mesocostalis, a small 
Palreoneilo, and stems of plants (or worm tracks~) were found in are­
naceous strata; in more shaly strata the Leiorhynchus, varying as below 
from L. multicosta to L. 1nesocostalis, was seen. The clay nodules, so 
often found associated with these sandstones, were seen at the base of 
G4, some of them being clay ironstone. The Spirijera mesocostalis of 
these sands is the variety with extended ears, moderate area, median sep­
tum developed in the ventral valve, and reduplicated fold in the sinus. 

4 76 G (loose). In the bed of the creek near G were found slabs of con­
glomerate, resembling very closely those met with in the stone fences 
above Rushford and of which distinct traces were found in place at 476 U2• 

Although we cannot identify the horizon of these loose slabs with pre­
cision, the evidence is strong that they were deposited before the Che­
mung fauna ceased. The sources of the Caneadea Creek are high up in 
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the hills to the north and west in the towns of Lyndon, Farmersville, 
and Centreville, and nothing has been discovered to show that any of 
these hills run above the rocks bearing Chemung fauna. 

The pebbles are flattened and range from coarse sand to fine gravel. 
Ironstone concretions are contained in the mass; when not weathered, 
the matrix is decidedly calcareous, and, while the pebbles themsel\es 
are often dark colored, green, aud smol\:y quartz, the iron stain, upon 
weathering, coats them brown, giving the weathered slabs a chocolate 
brown color. Several fossils are found in the mass, though not in con­
dition to identify always with certainty. 

Spirifera 1nesocostalis, the second type, with :finer plication and extended 
wings, and well develoved median septum. 

Streptorhynchus Chemungensis, of good size. 
Orthis, sp., several fragments too imperfect for specific identification. 
RhJJ1Whonella F Sappho, var. 
'Numerous worn fragments of :fish bone~, and a :fish jaw, Dipterus Nelson£ 

Newberry. 

This resembles Newberry's Ctenodns serratus in general form, but the 
teeth are not serrate, although slightly wrinkled along the edge, which 
might possib1y be the result of attrition of a serrate tooth. 

vVhile revising the manuscript in March, 1886, I submitted this speci­
men to Prof. J. S. Newberry, who identified it with Dipterus .Nelsoni, a 
species which he. has described from the :fish beds at Warren, Pa. It is 
somewhat smaller than the original of that species. The matrix in 
which it is embedded is also very similar to that of the Warren fish bed. 

DESCRIPTION OF FISH REMAINS. 

Dipterus Nelsoni Newberry, ms. Plate III, Fig. 1. 

This is a smalljaw, referred to this species after comparison with 
Professor Newberry's original specimens from Warren County, Penn­
sy I vania. The grinding surface is of hard enamel, triangular in shape, 
grooved by seven grooves radiating from near one angle, which is 
smooth and rounded and divided into finger-like ridges. The tops of 
the ridges and bottoms of the grooves are subangular. The ridges are 
arranged in pairs, every other groove running back a little farther 
than its neighbor toward the angle from which they radiate, and each 
ridge is slightly notched by four or five constrictions on the side; these 
notches are only superficial, and upon the crest of the ridges produce 
only faint undulation, no definite serration. The dimensions of the 
specimen (No.16055 U.S. Nat. Mus.) are: length, 20mm; width, 11mm; 
length of the process of the jaw vertical to the grinding surface, 11mm . 
. The original is from a gravel-like conglomerate found at Rushford, 
Allegany County, N. Y. (loos~), but traced to the midst of Upper 
Chemung rocks and associated with Chemung fossils. 
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D1:pterus (?) lrevis Newberry, ms. Plate III, Fig. 2. 

This is a small and worn specimen, evidently distinct from D. Nel­
soni and possibly a worn representative of Dr. Newberry's species D. 
lmvis. It is nearly as large, but proportionately shorter; the grinding 
surface has but four finger-like ridges, which are smoothly rounded 
and hard; the bottoms of the grooves are also rounded. It is smaller 
and has fewer ridges than the typical specimens of D. lmvis, and, while 
tllis may partly be the result of attrition, it is with some doubt that I 
refer it to the species, and in case future discoveries prove it to be dis­
tinct I would propose D. Alleganensis for this form. It occurs in a fine 
pebble conglomerate at Little Genesee, Allegany County, N. Y., in the 
Upper Devonian. 

Cuba, Alicgany County, N. Y.-477. 
Cuba, the third township north from the State line and in the west­

ern tier of townships in the county, is situated about fifteen miles north 
of Pennsylvania and thirteen miles south fromHushford, 476. The Erie 
Railroad grade is gi\'fm as 1,542 feet above sea; the altitude of the grade 
of the canal railroad (Rochester division, Bufl'alo, New York and Phila­
delphia Railroad) is called 1,488 feet. Several exposures were exam­
ined on the 4-illsides, all at about the same level. 

477 A.-The Armstrong quarry is extensively worked just above the · 
Erie Railroad near the depot. Some ten or twelve feet of good build­
ing stone can be quarried here; the base of the quarry is about thirty 
feet from the railroad, or nearly 1,570 feet in altitude. Several courses 
of solid, even grained sandstone lie above the base, with some interven­
ing layers of shale or shaly sandstone. Below the sandstone are some 
twenty feet of soft, fissile shales, bluish at the bottom, tending to olive 
toward the top, and weathering iron stained. 

477 B is three.quarters of a mile north, on the same level, and is now 
abandoned-the old Guilford quarry. 

477 C is Smith's quarry, on the east side of the valley and a mile 
and a half northeast of A on the same level. The quarry rock is a 
light gray, calcareous sandstone, strongly bituminous upon fresh fract­
ure. The grain is generally fine, and though working easily when fresh 
is more tenacious than the Berea sandstone of Euclid or Amherst, Ohio; 
but the grain is coarser than the Portage sands and of lighter color. 
Upon weathering there is enough iron to give the stone a creamy to 
yellowish brown tint. Tllis ferruginous quality is associated with the 
thinner, more flaggy structure; the purer, thicker courses are of a 
lighter and purer gray color. The lowest course, from which thick 
slabs are blasted or wedged off, running from three to four feet thick, 
makes the finest quality of building stone. A second thick course in 
the center of the quarry furnishes three to four feet thickness of stone, 
in which occasionally are seen Verticalis perforations on the upper layers . 
.Above this the courses are thinner, rarely furnishing over a foot of 
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sandstone. Between tho layers of shale in these sandstones are the 
brachiopods. 

There appear to be two quito distinct faunas present in the quarry. 
Although the upper layers of sandstone are very similar in general 
character to the lower, more strongly calcareous deposits, generally the 
lower thick beds carry scarcely anything but a lamellibranch fauna, 
with occn,sionally an Orthoceras. The lamellibranch fauna is generally 
found in the midst of th.e solid sandstone, with Grammysia communis as 
its most abundant species. The brachiopod fauna occurs higher up in 
the thinner sandstone, where the argillaceous matter is so interstratified 
as to make poor building stone and the shells (in the principal layer) 
are so thick as to make the stone unfit for cutting. In the fauna the Spi­
rifera disjunch~J is the most abundant form and lamellibrancbs are rare, 
though occasionally a single specimen of Sanguinolites appears at the 
base or top of the stratum. 

Btlow the sandstones are exposed some twenty feet of soft, fissile 
shales, A 1 and A 2, containing another distinct fauna. Only a few speci­
mens were found, but those were well marked Lingulas and a few other 
forms. The Lingula is the more conspicuous and frequent form, and it 
is indistinguishable from the Ohio Lingulas of the Cleveland shale at 
Euclid, Ohio. These lingula shales are, however, light in color at the 
·base, the ordinary blue shale, and toward the top are light olive green 
upon weathering. 

Lingula fauna of 477 A 2
: 

Lingtttla JJ!Ielie. 
Chonetes lepida, or small 0. scitula. 
Palreoneilo, sp., a small form. 
Discina, s p. 
Sa,nguinolites rigidus ( =Sphenotus contractus Hall, 1885). 

Grammysia fauna of 477 A 3
: 

Gramrnysia commun-is. 
Grc~;mmys·ia communis, var. approaching G. cuneata. 
Grammys·ia communis, var. very short. 
Schizod'I.(,S rhombeus, var. 
Aviculopecten, a variety near A. ca,noellatus. 
Edrnondia? Phiz.ipi. 
Pterinopecten suborbicttlaris. 
Orthoceras pacator? 
Crinoid stem fragments. 

BraclliopoLl fauna of 4 77 A 6
: 

Spirifera d·isjuncta, abundant. 
Rhynchonella contracta, small var., frequent. 
Streptorhynchus Chemungensis, frequent. 
Ath.11ris An,r;elica, frequent. 
Chonete8 scitula. 
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Productella costat1tla. 
Productella, sp. 
Oeriopora, sp. 
( Orenipecten? impolitus.) 
Sanguinolites rigidus ( = Sphenot1ts contractus Hall, 1885). 

65 

The first four species constitute the main bulk of the fossils; the re­
maining species are represented by several specimens in the lot col­
lected, but are not common. Spirifera disjuncta is \ery abundant in 
quarry A, and with few Streptorhynchv.,s Ohemungensis, while the latter 
species is almost as abundant as the spirifer in some layers of 477 B. 

Guilford Quany, Cuba, N. Y.-477 B. 
Sandstone, massive gray, weathering brown; some layers highly ferru­

ginous, the fossiliferous layers decomposing by solution of calcareous 
matter and prouucing brown rottenstone. Some pebbles are seen, but 
no regular conglomerate layers. In the lower sandstone is the lamelli­
branch fauna, as in 477 A. Above is a thinner layer, more calcareous, 
filled with brachiopods. 

Brachiopod fauna of 4 77 B : 

Spirife'rCfl disjuncta, abundant. 
Streptorhynchus Ohemungensis, common. 
Chonetes scitula. 
Rhynchonella contracta, var. small. 
Productella onusta. 

The Streptorhynchus is gibbous, often extremely so, and the Spirifera 
disj1mcta has the median fold duplicated. 

Smith Quarry, Cuba, N. Y.-477 C. 

~rhe lithological and stratigraphical characters are essentially the 
same as in the Armstrong quarry, 4 77 A. 

The brachiopod fauna is the same, though Productella and Strepto­
rhynchu~ are more frequent than in the more southern exposure at A. 

The fossils obtained are : 

Spirifera disjuncta. 
Streptorhynchus Ohemungensis. 
Productella onusta. 
Rhynchonella contracta, var. 
Rhynchonella duplicata ? 
Athyris AngeliccfJ. 
Pleurotomaria, sp., a finely striated form. 
Sanguinolites rigidus ( = Sphenotus eontractns Hall, 1885)~ 
Productella, near P. arctirostrata. 
Oeriopora, sp. 
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The brachiopod fauna of these three Cuba quarries is in all essential 
points identical with the fauna of 476 Ex. 

Ravine in South Cuba.- 477 E. 

Near the base of this ravine there are some thin sandstone layers, 
but, comparing it with the Cuba quarries a mile or two north, I judge 
that the first exposures at the base of the ravine are stratigraphically 
equivalent to the upper part of the Armstrong quarry and that the 
fine q uarrystone layer is below the surface. The shales predominate 
throughout, though in the lower part some solid sandstone strata, a foot 
or more thick, are seen. The ravine begins (the first rock exposure) at 
about 1,600 feet altitude and rocks are visible to nearly 1, 725 feet. 

Near 1,625 feet altitude or a little higher is an abundant brachiopod 
fauna, in a calcareous sandstone seam (E2

), with the same species in gen­
eral as in 477 0, the Spirijera disjuncta and Streptorhvnch'us Ohemungensis 
l>oth abundant, and the more common species. Above this stratum no 
strong seam of sandstone occurs ; there is an alternation of thin arena­
ceous layers, with prevailing argillaceous shales. 

Near the middle of the ravine is a layer of rather coarse micaceous 
sandstone (E4), 18 inches thick; soon above this traces of red coloring 
begin to appear in the generally olive argillaceous shales. These argil­
laceous shales become prominent at about 1,700 feet altitude and con· 
tinue to the top of the ravine. At several places they run into brown 
or red shale, and one layer of several inches is strong brownish red and 
contains fossils (E5

). 

Brachiopod fauna of 4 77 E 2
: 

Spirijera disj~tncta. 
Streptorhynchus Ohemungensis. 
Chonetes scitula. 
Rhynchonella contracta. 
Prod~wtella hirs~tta. 

Productella costatula, and varieties. 
Oeriopora, sp. 
Crinoid stem fragments. 
Grammysia communis, var. 

In thick greenish shale (E3): 

Spirijera disjuncta. 
Btreptorhynchus Ohemungensis. 
Leptodesma, near L. sociale. 

In brownish sandstone, near bottom, 4 77 E 4
: 

Athyris Angelica, abundant. 
Rhynchonella contracta, var. 
Productella, sp. 

Above E 4 the ro.cks are generally argillaceous, and, while generally 
olive green in color, contain streaks of red and brown and some thin 
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streaks or nodules of oolitic red iron ore. The fauna of these beds is 
probably uniform and the reddening of the shales does not prevent 
the presence of numerous fossils. 

Fauna of 477 E 5
: 

Orthis Leonensis, abundant. 
Lyriopecten, sp. = ? L. orbiculatus. 
Rhynchonella contracta, small. 
Spirifera disjuncta. 
Ceriopora sp., abundant. 
A. t'iculopecten cancellatus "!. 
Leptodesma, sp. 
A. thyris A. ngelica ? 

Station 477 His a low bluff alongside the stream which runs into the 
Cuba valley from the southeast, and is situated about two miles nearly 
south of Cuba. Stratigraphically the rocks are apparentl,y the soft 
argillaceous shales following the quarry sandstones of Cuba and arc 
nearly equivalent to 477 E 1, at the base of section E, which lies only half 
a mile north of H. The shales are normally bluish in tint, being slightly 
ferruginous, weather to an olive color, tending to a brownish shade; they 
break up into fissile flakes after weathering, but the bedding is not so 
fine as tp give the true fissile character to the rock in mass. 

The fossils are numerous in some layers, in others rare. In the beds 
examined, the Chonetes is most abundant; the Athyris, Streptorhynch'l~;s, 
Productella, and Spirifera frequent, the other species rarer. With the 
exception of Spir{fera and Streptorhynchus the species are generally 
small. 

The following species were identified in the fanna of 477 H: 

Chonetes scitula. 
Streptorhyncht~s Chemungensis. 
Productella costatula. 
Athyris Angelica. 
Spirijera disjuncta. 
Orthis Leonensis, small size . . 
Ceriopora, sp. 
Crania, sp. 
Palreoneilo brevis, var. 
Palreoneilo, sp., near P. jilosa. 
Palreoneilo, sp., a minute form, possibly young. 
Rhynchonella contracta, small var. 
Pleurotomaria jilitexta. 
Leptodesma, a minute f:pecimen. 
Leptodesma soc,iale? 
Gonioph01·a Chmnungensis, small. 
Mytilarca Chemungensis. 
Oentronella Julia"! 
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Crinoid stem fragments . 
.A vimtlopecten cancel latus. 
]f.odiomorpha ? 

(BULL. 41. 

Following up the valley from 477 H southeastward, two exposures 
were met with near the southern boundary of Cuba township. They 
nre about 2z miles south of 477 A and respectively 2 and 2-!t miles east 
of the same point. Stratigraphically they lie above the section 477 E, 
station 477 G being not far above the top of E, and 477 F is some 60 
feet higher. 

Fauna of 477 G, in the sandy layers, weathering brownish to dark 
bluish brown: 
Spirifera disjuncta . 
.Athyris .Angelica. 
Plant remains. 
Rhynchonella, sp. 
Bellerophon, sp. 
Ohretetes, sp. • 

In the soft, coarse, argillaceous shale, weathering brownish olive, were: 
Rhynchonella, sp. 
Palreoneilo, imperfect specimen. 
Leptodesma Mortoni? 

Fauna of 477 F, in greenish, arenaceous shale: 
Spirifera disjuncta. 
Streptorhynchus Ohemungensis. 
Chonetes scitula. 
Sang~tinolites rigidus ( =Sphenotus contractus Hall). 
S. clavulus and a variety resembling Nyassa arguta in general form . 
.Palreoneilo Bedfordensis. 
Jlfytilarca Chemungensis. 
Leptodesma Mortoni. 
Plant stems. 
Leptodesma potens. 

A comparison of the several faunas from Cuba and the immediate 
ueighborhood gives the following as the general character of the two 
hundred feet or so which we are able to examine. 

(1) Olive green to blue, argillaceous shales with a Lingula fauna, when 
most pure and fine, as seen in 477 A 1 and 477 A 2• 

(2) This is followed by sandstone, locally, of solid, massive character, 
calcareous and often strongly impregnated with petroleum. Where this 
sandstone is purest and most massive, the fauna is mainly lamelli­
branchs. In the more argillaceous layer, where the alternating arena­
ceous and argillaceous deposits are more frequent and mingled, one of 
the typical Upper Chemung brachiopod faunas appears, with abundance 
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of 8pirlfera disjuncta, and in some exposures and layers Streptorhynchus 
Ohemungensis is common (477 A, B, and C). 

(3) Above the sandstones appear shales again, of the olive, argilla­
ceous character, varying from pure, fine, soft shale to arenaceous shale 
with more or less iron stain. In this zone Athyris Angelica may be 
found, lamellibranchs of several genera, and several of the common 
species of the sandstones below. 

(4) Next appear trace~ of those iron gray, micaceous sandstones, so 
common in the lower Catskill rocks further east, and streaks of red iron 
ore and red shales. The red shales still contain Chemung brachiopods, 
Spirifera disjuncta, and other species. The most characteristic brachio­
pod is a small Orthis( O.Leonensis); this occurs quite abundantly in a thin, 
arenaceous, reddish brown shale. Here, too, in the midst of the soft, 
olive shales is seen red oolitic ore, but only in thin veins or nodules. 
lti is interesting to notice that in the lowest clay iron nodules of Che­
mung and Tioga Counties, New York, in the midst of the same Upper 
Chemung brachiopod fauna, are seen the representative of the Orthis 
of that section as well as the more typical form of 0. J11.ichelini, show­
ing conclusively that this type of Orthis is associated with nearness to 
shore conditions of habitat. 

(5) Above this the Chemung brachiopods come in again; also a new 
lamellibranchiate fauna. This time Leptodesma,, Sanguinolites, and Avic-
1tla are more common, and this rock is a fine, arenaceous shale, from 
bluish to olive gray in color. This is 477 F and G. i 1races of pebbles 
are seen in the lower sandstones; some of them are an inch in diame­
ter, but no collection of pebbles forming conglomerate was seen. In 
this section are seen, for the first time going up, distinct masses of red 
iron ore. 

The brachiopod fauna (477 A and 477 C) is remarkable for the ab­
sence of any trace of Sp,irifera mesocostalis or Orthis impressa; and 
Strophodonta Oay1tta, Prod-uctellct lachrymosa, Orthis Tioga, and Crypto­
nella Eudora are entirely absent, unless we may regard Orthis Leonensis 
as a small variety of 0. Tioga and some of the gibbous forms of Produc­
tella as extreme varieties of the common form of the eastern section. Yet 
all these species are common in the typical Chemung fauna of the Che­
mung and Tioga County sections. Several of these species do not appear 
at all in this Wyoming-Allegany County section, while such species as 
Athyris Angelica, the gibbous varieties of Prod1.wtella, and the smaller 
varieties of Rhynchonella contracta and Rhynchonella dttplicata appear to 
be wanting in the eastern section, though often abundant in the Alle­
gany County section. This difference in fauna cannot be geological, for 
it characterizes the whole Chemung group fauna. We can only look, 
therefore, to geographical conditions to explain the faunas. 

Some of the species of the eastern Chemung do appear at the base 
of the Chemung- fauna in Allegany County, such as 8pirifer£t mcsocos­
talis, Orthis impressa, and the common Chemung Leiorhynchus; but it 
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becomes evident upon comparison of the two sections that upon pass­
ing upward the characteristic Chemung species mentioned above be­
come more and more strictly confined to the east. Again, the spe­
cies which appear associated with Chemung species in the Allegany 
County section and that ar~ wanting farther east are of the same types 
and, in some cases, the same species which are characteristic of Lower 
Carboniferous rocks of the States farther west. The conclusion appears 
plain that with the passage of Upper Devonian time over Western New 

. York territory there was a shifting of the faunas in an easterly direc­
tion, and that with such shifting species which are regarded as belong­
ing to a later period, when they occur more isolated in the western in­
terior, appear in the western part of New York before the close of the 
Chemung fauna, but farther east, in Tioga County, do not appear at all 
up to the close of the Devonian. This study of the faunas gives us a 
hint toward solving the relation of the eastern and western beds. 

If the Waverly or Lower Carboniferous fauna may be regarded as a 
separate and complete fauna, it was doubtless a local one, and it may 
be regarded as probably contemporaneous with a part of the Upper De. 
vonian of New York. The indisputable evidence we have that dur­
ing this Upper Devonian epoch the faunas were moving eastward over 
V\restern New York gives reason for the belief that species which belong 
to a later horizon must have come in from the west, and that the nor­
mal contemporaneous faunas farther west were of a later type than in 
the east. Examination of the species confirms such views. The Pro­
ductellas of 477 0 are frequently of the very gibbous form, agreeing in 
this respect with specimens ~rom the section 476 B4 of Rushford. Al­
though the specimens are generally smaller, the larger specimens are 
very like the larger Waverly forms (Geol. Surv. Ol1io, Vol. II, Pal., Pl. 
10) mentioned by Meek, and the Streptorhynchus Ghmnungens·is from 
these beds reaches a very gibbous form not readily distinguish~ble from 
Meek's Hemipronites crenistria of Ohio. The PaJcconeilo of these Cuba 
beds is different from P. brevis in the features distinguishing Meek's P. 
Bedfordensis from that species; it is, therefore, a variety approaching 
the Ohio Waverly type. The crinoid is of the Waverly variety of For­
besiocrinus communis type, as here recognized by stems, but in the fauna 
of 4 79 A 4 represented by some specimens of the calyx. 

We observe just under these rich fossil bearing calcareous sandstones, 
477 A, a series of fissile shales bearing a fauna of Lingula and other 
smaU delicate shells. Although the fauna is not strictly identical with 
that of the lingula shales of Van Etten ville, described in U. S. Geologi­
cal Survey Bulletin No.3, the stratigraphical sequence is the same and 
the general character of the fauna is similar. In that section the rich 
Chemung brachiopod fauna immediately follows the soft lingula bear­
ing shales, and no similar shale was discovered below until within two 
or three h:undred feet above the Genesee shale. In the western section 
he lingula bearing black shales are constantly recurring for a thousand 
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feet above the typical Genesee shale, but this soft, olive mud shale, with 
Lingula, does not appear below this horizon ( 4 77 A). 

In these lingula shales, in both the eastern and the western sections 
of New York, we find the first traces of the ironstone nodules, and the 
brown color from iron stain becomes more conspicuous above this hori­
zon, and this marks the lower part, if not quite the beginning, of the 
common marine fauna of the Chemung group. In the Ithaca section we 
observe a fauna resembling the Chemung fauna some eight hundred 
feet below the genuine Chemung fauna. It is preceded by a similar 
dark lingula shale, but the absence of Spirifera disjuncta and the rarity 
and small size of Productella alone suggest the fact that the Chemung 
horizon, as it is known in Western New York, has not been reached. 

From these comparisons we conclude that the Van Ettenville shales 
and the following fossiliferous sandstones are the stratigraphical equh·­
alents of the Cuba shales and its sa1~dstones as seen in the Armstrong 
quarry. The interval below, down to the Genesee black shale, is mainly 
filled by rocks carrying Portage faunas in the Allegany County sectiou, 
while the section of Tompkins and Tioga Counties holds a fauna only 
a few hundred feet above the Genesee shale, which is paleontologically 
intermediate between the Hamilton and genuine Chemung faunas. 

Black Creek, New Hudson Township, Allegany County, N. Y.--- 4 78. 

~rhis station is northeast of Cuba, about five miles from the Armstrong 
quarry (477 A), and estimating from the ca~al railroad (Rochester div., 
Bu1f'., N. Y. and P. R. R.) grade by aneroid barometer, the quarry is 
approximately at the same altitude as the Cuba quarries, not far from 
1,575 feet. The quarry has been extensively worked, but is now aban­
doned. At the base is a heavy course of light colored san<lstoue, run­
ning from two to three feet thick; next above, five feet of thin layers of 
sandstone and shale; then two feet of solid sandstone, followed by a 
fossiliferous zone of a foot or so containing the brachiopod fauna, 4 78 
At; above thiR is another solid sandstone three feet thick, above which 
the thiuner alternating shaly and arenaceous layers predominate. 
The lithological characters correspond very closely with those of the 
Cuba quarries, but the fauna differs slightly in its prevailing characters. 

The tracing of actual equivalency of horizon is a matter of consider­
able difficulty on account of the absence of exposures at intermediate 
points. According to Prof. James Hall's original section, generalized for 
this part of the State (see Ann. Rep. of N.Y. Geol. Survey, 1838), a gen­
eral dip of something like fifty feet to the mile is represented, and each 
of these quarries at Caneadea, at Rockville, &c., is in a separate zone 
in the series, separated from others by considerable thickness of depos­
its. My examinations lead me to the opinion that the general dip of 
these upper strata is by no means so great, and that there are also 
long fol~s in the strata, giving at some exposures even a deci<led dip 
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to the north, thus complicating the task of following strata from ex­
posure to exposure in traversing the country. 

Knowing, as we do, that the faunas are comdderably modified as we 
pass from east to west, even in a hundred miles, it should not surprise 
us to find a like difference between the more northern and more south­
ern faunas of the same horizon. The differences in the faunas may be 
due to differences in geographical conditions on the same horizon or 
they may be modifications of the fauna, marking geological range or 
difference of horizon. The present fauna, to all appearances, is at the 
same altitude now as the Cuba brachiopod fauna, 477 A. At the Cuba 
quarry the dip is slightly southward. At this station the strata are 
as nearly level as we can read; at Rockville, three miles farther north, 
there is a decided dipping to the north. From these facts the conclu­
sion is strong that there is a gentle anticlinal fold near Cuba, sloping 
northward as we reach Rockville and already showing its southward 
slope at 4 77 A. 

The fauna of 478 A 4 shows differences pointing to the characters of 
more eastern faunas or those that are met i u the exposureS' farther 
north than 477. The presence of Orthis impressa, the broad winged, 
high beaked Spirifera disjuncta, and the presence of Spirifera mesocos­
talis may be noted in this connection. In making comparison of faunas, 
too, we find the same peculiarities in station 481 A, which- is actually 
less than fifty feet higher than 4 78 A, and nine miles north and a little 
east, with the rocks again dipping northward, though at intermediate 
points the dip is deQidedly southward. 

If we consider each of the sandstone beds as relatively local, when a 
particular horizon is concerned it is more probable that the sandstone 
deposits for continuous geological epochs (at least for such length of 
time as the Upper Chemung may require) were nearly continuous, but 
shifted their geographical position, than that there was any total cessa­
tion and renewal of their deposition. 

When we compare the faunas in similar or like lithological conditions, 
as a tentative rule (which further investigation may modify), we make 
the supposition that likeness in the composition of two faunas, i. e., the 
association of the same species, is more apt to persist through the gradual 
changes brought about by time and that constancy in the lesser vari­
etal characters is more likely to signify likeness or equivalency in geo­
logical horizon; hence, if we have two faunas in apparently like con­
ditions of matrix and in the same general geographical area, if the 
species are the same and those abundant and those rare maintain the 
same comparative relationship to the fauna, we infer that the fauna is 
the same. If the species show the same varietal peculiarities, we say 
the horizon is synchronous; if the varietal characters differ, we say it is 
probably a different horizon, although the species are identical. Hence 
in an imperfect fauna, the lack of the full complement of species might 
signify geographical shifting of the fauna, but if the species that did 
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appear presented the identical varietal characters, we would infer that 
the horizon was identical. 

Fauna of 478 A4 : 

Spirifera disjuncta, large, broad, mucronate form. 
Athyris Angelica. 
Rhynclwnella contracta. 
Crinoid stems. 
Productella acutirostra, var. 
Spirifera mesocostalis. 
Orthis impressa. 
Ohmtetes, sp. 

The S. d·isjuncta is abundant; the other species are only occasional. 
The Productella, sp., is a large form, with the outline (dorsal valYe) of a 
large P. arctirostrata, with Rtroug concentric wrinkles at the cardinal 
end of the shell, the front geniculate, the interior pitted like P. hirsuta. 
It does not agree with any of the ordinary New York forms, and in gen­
eral resembles the carboniferous types, but is doubtless a variety of the 
gibbous Upper Devonian type of Productella, and near the form called 
P. acutirostra in the reports. The same form is seen in 479 A 4• 

Rockville, Allegany County, N. Y.- 479. 
Situated in Belfast township, about nine miles northeast from Cuba 

( 477); altitude, approximately, as determined from railroad grade and by 
aneroid barometer: A 1, 1,410 feet; A 7, 1,460 feet. The section near 
the old canal lock at Rockville is visible for about fifty feet. At the 
base is a thick. sandstone seam (A1), six feet of it being visible. A 2 is 
shale of two feet thickness, then a second seam of sandstone two feet 

'thick (A3). This is followed by shales and thin arenaceous layers for 
thirty-five feet, and at the top are two seams of sandstone less than a 
foot thick, separated by shales. The principal sandstones of the series 

· are massive and of the deeper gray color of the true Portage sandstones, 
considerably darker than the Cuba stones and of finer grain, and have 
a strongly bituminous odor on fresh fracture. The shales are green to 
olive, soft, argillaceous, and do not differ materially from the soft shales 
which frequently appear in the Chemung series. The rocks dip evi­
dently to the north, not extensively, but enough to show plainly that 
we are on the northern slope of a gentle anticlinal. 

The brachiopod fauna is in the first and second sandstones; tbe most 
numerous fauna is just at the close of the second sandstones, in the soft 
shales, 479 A4

• The upper sandstones are tough but thin, of a pinkish 
tinge, and coutain minute streaks of brown iron ore. There is occa­
sionally seen a passage of the . sandstones into a local bed of gravels, 
with fine pebbles, flat and of a dark and even black color. These are 
cemented in a calcareous matrix. 

Fauna of the calcareous sandstone, 479: 

Spirifera mesocostaUs (common). 
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Sp. disjuncta (rare). 
Orthis impressa. 
Rhynchonella contracta. 
Streptorhynchus Chemu.ngensis. 
Productella hirsuta. 
Ambocmlia umbonata, (rare). 
Sanguinolites rigidus ( =Sphenotus contractus Hall, 1885). 
Crinoid stems (large). 
Bellerophon mrera? (frag.). 
N ucula, sp. ~ 
Platystoma, sp.? 

Fauna of the olive shales, 479 A 4 : 

[ntiLL. 4i. 

Rpir·iferct mesocostalis (of smaller and finer structure than that of the 
sandstones). 

Productella hirsuta. 
Productella lachrynwsa, var. stigmata. 
Prod~wtella (with several varietal forms running off toward P. onusta 

and P. speciosa). 
Chcctetes, sp. (a branching form, quite abundant) . 
. Mytilarca Chemungensis. 
Rhynchonella cont1·acta (running into the form called R. sappho, var., by 

Prof. James Hall, Geol. Surv. N.Y., Pal., Vol. IV, Pt. I, Pl. LV, 
Figs. 49, 50). 

The above species are found in abundance; the following are less 
common: 

Spirifera disjuncta, a small variety, with very high beak, in general 
. form and size closely agreeing with the Iowa S. Whitneyi Hall. 

Orthis impressa. 
Productella rarispina. 
Athyris Angelica. 
Orthis Tioga (or var. 0. Leonensis), rare. 
Crania, sp. ~ 
Belleroplwn, near B. Euclid. 
Palceoneilo brevis. 
Macrodon Chemungensis . 
.1lfodiomorpha subalata? 
Jlfodiomorpha q~tadrula. 
Loxonema styliola. 
Ptychopteria, a form 11ear P. Ettgenia ( =P. Salamanca Hall, 1885). 
Crenipecten obsolet·us. 
Orenipecten crenulatus. 
Pterinopecten suborbiculctris. 
Aviculopecten, sp. ?, a very finely striate fragment. 
Forbesiocrinus communis. 
Crinoid stems, another species, with nodose joints. 
Chonetes scitula. 
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Belfa:t Quarry, Belfast, Allegany County, N. Y.-480 

This is an exposure about three miles east of the Rockville section, ap­
proximately 50 feet lower, or from 1,340 to 1,360 feet in altitude. 

The sandstone (480 A 1) is fine grained, of a darker shade and finer 
texture than the Cuba stone, and very similar to the Arcade stoue 
(474 A). It also closely resembles the Rushford stone (476 G4

). The 
color is gray, with a slight brownish or chocolate tint, which changes 
upon weathering to a purer gray. It is calcareous aud upon fresh fract­
ure has the petroleum smell so common to these sandstones. Some 
layers are :flaggy and separated by thin partings of mica. At the top 
of the quarry are very uneven layers, as if violent action of the sea 
had disturbed the bottom, making it uneven with pitholes. There 
are small masses of shale mingled with the sandstone and large irreg­
ular masses, calcareous agglomerations of pebbles or fine gravel ( 480 .A.2). 

These have something of the n<-tture of concretions, but are mainly 
coarse sand and fine gravel cemented by calcareous mud. 

In these were found the only fossils of the station. Above and below 
the sandstones the rocks are thinner layers of arenaceous and ar gilla­
ccous shales, with no thick layers and no traces of fossils visible . 

. Fauna of the concretionary masses, Belfast, 480 A2
: 

Orthis impressa, large, broad variety. 
Productella hirsuta, with spines from cardinal margin. 
Spirifera mesocostalis, third var., with median septum. 
Rhynchonella contracta, approaching the R. eximia type. 
Arnbocmlia 'ltmbonata. 
Athyris Angelica. 
Crinoid stems, same as in 479. 
Leiorhynchus sp. 
Productella onu,sta. 
Ohmtetes, sp. 
Streptorhynchus Ohemungensis, var. 

Caneadea, Allegany County, N. Y.-481. 

The examinations at this station were confined to the exposures along 
Caneadea Creek, up to E. Rushford ( 481 C), and two exposures ( 481 A 
alHl 481 B) made in the hill a few miles northwest of Caneadea by 
persons who supposed they bad fonnd a gold mine. 

The altittHle of Caneadea railroad station, based upon the profile of the 
old Genesee Valley canal-in the bed and along tho towpath of which 
the Rochester division of the Buffalo, New York and Philadelphia Rail­
road is built-is 1,224 feet above tide. This benchmark I have not been 
able to identify precisely. By aneroid barometer, the cliff above 476 G 
is estimated to be 1,490 feet in altitude. 'l'he cliff to t1ie base, Go, is 140 to 
150 feet, or say 1,350 feet in altitude. rrhe other stations, according to 
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aneroid rectwning, are, 481 A, 1,600 feet, and, 481 B, 1,700 feet in 
altitude. 

The dip of the rocks in. the creek is very .slight, but what there is is 
northward. At 476 A two or three miles north of Rushford the dip 
is strongly north ward, and at the base of the creek the rocks incline 
to the southwest. 

Sllean excavation, above Caneadea.-481 A. 
This section is an opening made on the farm of Mr. Shean, near the 

division line between Caneadea and Rushford Townships, about two 
miles in direct line northwest of Caneadea village. It was opened on 
the supposition that gold and silver ores were there in rich quantities. 
The report of this "silver mine" I heard of at several places in the 
county. By aneroid estimate the altitude is about 1,600 feet. 

The rock exposed is mainly a gray calcareous sandstone, highly fos­
siliferous. The stone varies in the amount of calcareous matter. In the 
more compact portions the sandstone is of a dark bluish gray color 
and the matrix appears to be almost pure carbonate of lime; but where 
the sandstone is loose textured it is a pure light gray, with little or no 
carbonate of lime. 

The facts suggest that the difference is due to a solution and removal 
of the lime from the more compact variety to form the loose textured, 
light gray variety. The presence of petroleum in the porous sandstones 
probably had no relation to the original deposition of the sandstones, 
but wherever these beds of calcareous sandstone were made porous by 
removal of the carbonate of lime the conditions were present for the 
absorption and retention of petroleum distilled from under lying black 
carbonaceous shales. The sandstone weathers a little brownish, but the 
iron stain is very slight. 'rhe sandstone becomes coarse in places, form­
ing a fine gravelly conglomerate, with flat and dark colored, silicious 
pebbles, the matrix calcareous, and containing fragments of fish bones, 
shells, and chips of wood very similar to 476 0 2• 

The fossils in 481 A are: 
Ambocrelia umbonata, abundant. 
Productella (lachrymosa, var. ~ see beyond). 
Productella hirsuta, var., small. 
Rhynchonella contracta. 
Spirijera mesocostalis, second var. with strong median septum, and third 

var. coarse and with reduplicated fold. 
Orthis Tioga. 
Orthis impressa, larger. 
Streptorhynch1~s Ohemungensis. 
Rhynclwnella, sp. ¥ (like R. Horsfordi, broad). 
Crinoid stems. · 
Ohmtetes, sp., slender branching form. 
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? Lingula, with punctate inner layer. 
Spirijera disjuncta. 
A ulopora, sp. 
? ? Cryptonella, sp., a fragment. 

Caneadea Creek, lower part.-481 C. 

77 

This is the section referred to in Geology of Fourth Dist., N.Y., p. 
485, as "a good exhibition of the characteristics of the base of the Che­
mung group of this part of the State, better than is elsewhere seen." 
The distinction between this section and those of Steuben County con­
sists mainly in the prevalence here of the "pure aluminous shale of a 
deep green or bluish green color," with intervals only of thin sandstones. 
The green shales referred to prevail in all the lower part of this ravine. 
I would describe them as a fissile, greenish gray shale, argillaceous, 
weathering brownish with iron stain, and containing at intervals streaks, 
from an eighth of an inch to several inches in thickness, of hard, sili­
cious 'sandstone, the surface of which is often rough and uneven and 
sprinkled with mica grains. In the upper parts, from 476 G upward, 
the sandy layers are more conspicuous and thicker and of looser texture 
and coarser grain, forming strata of a foot or more in thickness. These 
are referred to in another placA. 

The shales contain a few fossils as low down as Caneadea, but there 
they are rare and are mainly Leiorhynchus mesocostalis and L. multi­
costa. A single Rhynchonella sappho, var., was found, and a Productella, 
which, though differing from any particular figure and description, is 
probably a variety of P. hi1·suta. This general character of deposits 
continues up to the base of the cliffs at 476 G. an account of which is 
given in another place. 

Friend.ship, Allegany County, N. Y.-491. 
The exposures at Friendship were examined at Mr. P. Miller's quarry 

and in the ravines south of the village. They lie at about the same 
altitude as the Cuba quarries and above them and are directly east of 
Cuba. Substantially the same series of rock deposits and the same 
faunas were met with as in the ravine south of Cuba (477 E). In the 
higher exposures the micaceous flags were reached ; a red band was seen 
before the close of the Chemung fauna. 

Mr. Miller showed me several fine specimens of Dictyophyton, two of 
which were presented by him to Oornell University. They came from a 
fine compact sandstone lying above the Chemung fauna. The sand­
stones exhibit traces of the same polished quartz gravel seen in the same 
layers of the Cuba sandstones. 

Wellsville, Allegany County, N. Y.-49~. 
There is a quarry on the hillside at Wellsville a hundred feet above 

the railroad, the top reaching over 1,600 feet elevatioQ. above tide. In 
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this quarry the prevailing rocks arc a brownish gray sandstone, in not 
very thick courses, thin bedded micaceous shales, and soft, fragile olive 
shales, with an irregular seam of fossiliferous, red, arenaceous shale. 

In. the sandstone are­
Spirifera d-isjuncta, abundant. 
Productella hirsuta. 
Ambocrelia 1tmbonata. 
A large, :flat, fish scale, the surface broken off so that it cannot be deter­

mined; but the nature of the bone still preserved is like that 
of Holoptychius. 

Oeriopora, sp., casts showing the form of branching, but no structure. 

In the soft olive shales­
Rhynchonella contracta. 
Productella costatula, var. 
Oeriopora, same as above. 

The red shales are oolitic in spots and also contain streaks of fine 
polished pebbles. The fossils are generally in imperfect condition; the 
fish remains are in broken. fragments. The following species were recog­
nized: 

Spirifera disjuncta, rare. 
Goniophora Ohem~tngensis, small, and with rather coarse concentric strire. 
MytUarca, sp., small, and presenting characters between JJf. occidentalis 

and M. sirnplex. 
Macrodon Ohemungensis, small. 
Grammysia curnrnunis. 
A small Orthoceras, an Avimtlopecten, a Orenipecten, and a small Palmo­

neilo, none of them perfect enough for specific identification. 
The branches of Oeriopora, sp., seen in the other shales, and among the 

grains a few minute spiral shells. 

In the same quarry are seen layers, or rather large lumps, of a sort 
of pudding of white sand, mingled with small nodules of green clay 
and streaks of mica :flakes. 

This condition of rock appears to indicate a transition of conditions, 
in which considerable disturbance took place, but the break indicated 
was so slight that the mud at the bottom was still mud and not consoli­
dated into rock when the sand was thrown down upon it. 

Very similar characters were seen in the sandstone quarry at Arcade. 
The horizon of this quarry is consi<lerably above that of the Cuba sand­
stones, but between it and the Wolf Ureek conglomerate. 

Belmont, Allegany County, N. Y.-493. 
This is the locality called Phillipsburg in the New York State geo· 

logical reports, from which many species are quoted. 
The sandstone, which is quarried in several places in the neighbor­

hood, is light gray, calcareous, and with petroleum smell. It is under­
laid by a soft, olive shale, as is the case with the Cuba sandstone. It 
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lies at about 1,450 feet elevation and represents very closely the hori­
zon of the- Rockville sandstone, 479. 

~orne of the more common species are­
Spirifera mesacostalis, second and third v:;trieties. 
Orthis impressa, large. 
Streptorhynchus Ohemungensis 
Rhynchonella contracta. 
Grammys·ia ellipf'ica. 
Productella hirsttta. 

Hornellsville, Steuben County, N. Y.-494. 
On my return eastward I stopped at Hornellsville, where I made an 

examination of some cliff's along the railroad west of the town, at which 
point is exposed a section of about a hundred feet, beginning at thP- base 
at I ,200 feet elevation, the railroad grade at the station being 1,161 feet 
above tide. 

Running eastward along the Erie Railroad from Allegany County, the 
summit at Alfred, elevation 1,793 feet, presents some cliffs of heavy 
sandstones and shales which are well up in tbe Obemung; but as we go 
down the grade no Rtrong sandstone layers are met with as far as Hor­
ne1lsville, elevation 1,161 feet, and from there to Elmira, elevation 863 
feet, the whole series is made up of alternate layers of arenaceous shales 
and sti:fl" seams of thin bedded sandstone of a prevailing dark brownish 
gray, no light or pure grays appearing, nor are there any of the gray 
sandstones marking the Upper Portage and Lower Chemung of the vVy­
oming-Allegany section. 

For topographical and stratigraphical reasons I thought that at about 
this point, which is intermediate between the two long sections of 
Tompkins-Tioga Counties and Wyoming-Allegany Counties, worild be 
found the horizon at which the Portage and Chemung faunas meet. 
Stratigraphically it should lie not far from the horizon ef the Portage 
sandstones of Portage Falls, and for similar reasons, looking eastward, 

· it should lie several hundred feet above the horizon of the Ithaca shales. 
Upon examining the rocks I found it even more important than I had 
expected. The general appearance of the cliff is very similar to those 
in Caneadea Creek below Rushford, but here there are none of the light 
colored sandstones of Allegany County. 

The section ( 494 A) presents the following lithological characters and 
faunas from below upward: 

(1) A stratum of very dark, almost black, shale appears at the base; 
this is lithologica1ly identical with the upper black streaks underlying 
the Portage sandstones at Portage Falls. 

(2) These black shales are followed by soft fragile shales, olive gray 
in color, and bearing a very interesting fauna, marking very decidedly 
the transition between the Portage and Chemung faunas. 
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The species identified were the following : 
Oardiola speciosa, common ( = Glyptocardia speciosa Hall, 1885)~ 
Palmoneilo plana, var. A small form frequently seen in the Portage 

shales; it appears indistinguishable from P. plana, except that in 
size it is much smaller 

Ooleolus acicula. 
Ooleolus ( Ooleoprion j tenuicinctum. 
Fragments of a small Ortlwceras and of Goniatites of the G. bicostatus 

type. 
Productella speciosa, a single valve of small size. 
Fragments of Oladochonus and of crinoid stems. 
Orthis Tioga, several specimens, small, but with the characteristics of 

that species. 
The Oardiola and the Palmoneilo of this shale (which are the prin­

cipal fossils, the others being of rare occurrence) are identical with 
those of the last olive Portage shale of the section at Portage Falls, 
(seep. 51), and the whole fauna, except the Productella and the Orthis, 
is purely Portage in character. 

(3) Above this are coarser shales and thin layers of argil1aceous sand­
stone, staining brown in places, with occasional thin streaks of light 
or nearly white sand in the midst of the olive shales, just as they occur 
at station 476 G,in Caneadea Creek below Rushford, in which was found 
the earliest appearance of Chemung fauna for the eastern part of that 
section. 

The fa una of this zone, 494 A 3, was as follows: 
Leiorhynchus multicosta, running into the form L. mesocostalis • 
.Atnbocrelia umbonata. 
Productella speciosa, a few specimens. 
Spirifera mesostrialis, a single specimen, but with the characteristic 

markings. 
Spirifera mesocostalis, a single poor specimen 
Orthis Tioga, larger than those below. 
Rhynchonella Stephani ? , a coarse variety approaching R. contracta. 

This fauna is in its main features like a forerunner of the Chemung 
fauna occurring a few miles south of Ithaca, lying far above the Ithaca 
fauna. The Leim·hynchus and Amboccelia are the common species; the 
others are rare or seen in a few specimens. The list of species taken 
as a whole is similar to that of 476 G0, at the base of the Chemung 
series in Allegany County, although the Orthis of that fauna is 0. im­
pressa, while this one is 0. Tioga. This, however, is evidently a geo­
graphical feature, as the common species of Orthis in the Chemung 
faunas of Allegany County is Orthis impressa, while 0. Tioga is the 
more common form in Tioga and Chemung Counties. 

( 4) Immediately following are more sandy layers, with Chemung fauna 
wherever fossils occ~r in them. 
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In one slab several good Spirifera mesooostalis were seen, all marked 
with the strong median septum not developed in the specimens living 
at the Ithaca stage. This single section throws considerable light upon 
the history of the faunas we are studying. Geegraphically it lies be­
tween the two main sections already fully developed. One of the most · 
striking differences between those two sections is seen in the interval 
between the Genesee shale and the zone containing the first Spirifera 
disjunota. 

In Wyoming County this interval is filled by a long series, of a thou­
sand feet or so, of black and olive shales, containing respectively the 
Lingula fauna of the Genesee and the Cardiola speoiosa fauna of the 
Portage, and is terminated by thick deposits of gray sandstone. 

In Tompkins and Tioga Counties the black shales terminate a short 
distance above the Genesee; a special Portage fauna, the Spirifera lrevis 
fauna, occurs near the base of the Portage; a few hundred feet higher 
a rich brachiopod fauna, that of the Ithaca group, occupied the field. 
While two or three hundred feet of sediments were depositing, this 
fauna withdrew and the Cardiola speoiosa returned, and is occasion­
ally seen in the almost totally barren, flaggy, arenaceous shales apd 
sandstones, until at about the same distance above the Genesee shale, 
as in the more western section, the Chemung fauna begins to appear 
with the first Spirifera disjuncta. 

The stratigraphical conditions help us very little in interpreting these 
differences, except that the coincidence of the occurrence in each section 
of the first good representation of the Spirifera disjuncta fauna in a bed 
of heavy calcareous sandstone is suggestive of a common horizon. 

The fossils of the Hornellsville shales show us definitely where we 
are in the history of the faunas. Stratigraphically these shales are at 
the general horizon of the passage beds of Portage Falls, and, compared 
with the eastern section, near the point at which the genuine Chemung 
fauna first appears. 

The fossils show that the Portage fauna is still intact, even in the 
presence of a characteristic species of the true Chemung fauna, Orthis 
Tioga. The presence of this species, instead of 0. impressa, shows that 
we are dealing with an eastern extension of the fauna. The Spirifera 
mesocostalis, with strong median septum in the ventral valve, as well 
as the Orthis, is evidence that we are far above the stage of the Ithaca 
fauna. 

Taking all the facts together, we could scarcely hope to find stronger 
confirmation of the hypothesis advanced in my report in U.S. Geological 
Survey Bulletin No.3 that from a paleontological point of view the Ith­
aca group and its fauna are really intercalated in the midst of the de­
posits which in western counties are regarded as one continuous series on 
account of their fauna holding its integrity from the beginning to the 
close. I regard, therefore, the Ithaca fauna as a separate, earlier stage 

Bull. 41-6 
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of the Chemung fauna, intermediate between it and that of the Hamil­
ton group and occupying an intermediate position; while the special 
fauna of the Portage shales is a more general one, probably of partially 
pelagic character, less restricted in both geographical distribution and 
geological range, but during the Middle and Upper Devonian making 
its appearance where the conditions were unfavorable for the more vig­
orous brachiopod faunas, and rarely, except at points of transition to 
another zone, mingling with any brachiopod fauna. 
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CHAPTER IV. 

THE UPPER CHEMUNG-THE SANDS AND THE CONGLOMERATES. 

As we pass above the principal Chemung faunas we find coarse, fi.aggy 
sands, red beds, and conglomerates. The conglomerates are of two 
kinds: The first is composed of smooth, gravel-like pebbles, with layers 
of fiat pebbles, and is called the flat pebble conglomerate. The higher is 
composed of large, coarse pebbles, not much worn, and sand; this is the 
Olean conglomerate and its equivalents. 

The exposures of these deposits were examined at Clarksville, 483; 
Little Genesee, 484; and Bolivar, 485, all in Allegany County, New 
York; at PortYille, 486; Olean, 487; Great Valley, 490, of Cattaraugus 
Uounty~ New York; and at Bradford, 488, aud Alton, 489, in McKean 
County, Penusyl \·ania. 

Clarl{svillc, Allegany County.-483. 
This station is six miles south of Cuba and upon higher ground, the 

hills running up to two thousand feet above tide level. The rocks ex­
posed are- of a geological horizon higher than the highest of the Cuba 
section, but the base of the Clarksville section is the same paleontological 
zone as that seen in the ravine south of Cuba (477 E). 

In the township of Clarksville, including the upper part of Wolf 
Creek, where tlle flat pebble conglomerate is seen in full development, 
we :find the passage from the olive sha~es and the thin bedded sand­
stones of the Upper Chemung, with their typical fauna, through the 
coarse, yellow sandstone and flat pebble conglomerate with an occasional 
jasper pebble, which, all through this region, is recognized as the first 
of the Devono-Carboniferous conglomerates, and thence up into the 
green and red, arenaceous shales and those green, micaceous shales, of a 
loose and mealy texture, so characteristic of the Catskill deposits farther 
east. ~ 

The lowest exposure ( 483 A 2 ) examined in this locality was a ledge 
cropping out in a small run about half a mile northwest of the railroad 
station at an altitude of approximately 1, 7 45 feet above the sea. Near 
this, in the same side hill, is the second exposure (483 A 1

), from nine to 
ten feet higher. The rocks at these exposures are green, argillaceous 
shales, with thin, flaggy sandstones and arenaceous shales with fossils. 

The green shales ( 483 A 2 ) contain the following species: 
Rhynchonella contracta, numerous, large, and variable. 
Leptodesma .Jfortoni, var., of the form of L. potens and L. Mortoni Hall. 
Plant remains, chips, and .tragments of stems. 

83 
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In 483 A 1, a few feet above A.2, the shales are more arenaceous and 
darker, are iron stained upon weathering, and, though they contain the 
same Leptodesmas, tlle principal fossils are brachiopods. The sandy 
la;yers are micaceous, and tllough dark haye a trace of the mealy texture 
peculiar to the green Catskill rocks as they appear farther east. One 
slab contains-
Athyris Angelica. 
Leptodesma Mortoni, var. 
Productella hirsuta, var. near P. hirsuta, but not the typical form. 
Traces of Rhynchonella, sp., Spirifera, sp., and crinoid stems. 

In other slabs Spirifera disjuncta, Athyds Angelica, and the Lepto­
desmas are associated. 

Taking the species occurring within two or three feet of one another 
as of a single zone, we have the following fauna for 483 A 1 : 

Spirifera disjuncta, the most frequent species. 
Athyr'is Angelica, common. 
Rhynchonella contracta, small . variety. 
Leptodesma, sp., of the L. Mortoni type, some specimens approaching 

L. robusturn and others L. potens. 
And of the following species single specimens are rare: 

Spathella typica, Hall, distorted, resembling Nyassa arguta. 
Mytilarca Chemungensis. 
Productella costatula, var., a small form of the type of P. costatula. 
A trace of a Pterinopecten, sp. 
Sanguinolites rigidus ( =Sphenotus contractus Hall, 1885). 
? Macrodon Ohemungensis. 

On the eastern side of the vaUey is a very steep, high hill, rising rap­
idly from the valley,,and on its side the rocks occasionally crop out, not 
in solid strata, but in broken pieces, disintegrating rapidly, and partly 
covered by soil. The order of the rocks composing this hill is easily 
traced by these loose pieces on the surface, but it would not be safe to 
place any dependence upon the actual altitude of occurrence of any par­
ticular stratum. This is 483 B. The place for the lower conglomerate 
is between the base, about 1,880 feet, and the top, approximately 2,110 
feet, in &J.titude, but I found no trace of the genuine conglomerate 
on it. The lowest rocks appearing contain the same fauna found on the 
other side of the valley, at 483 A. The rock is a dark, arenaceous 
shale, micaceous in some layers and weathering brownish. At the 
base of the hill, and within the first 120 feet, the above are the prevail­
ing characters and the following species were detected as constituting 
the fauna of 483 B4 

: 

Spirifera disjuncta, frequent. 
Productella costatula. 
Rhynchonella contracta, small var., and approaching the type R. dupli­

cata. 
Chonetes soitu,la,, rare. 
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A small Chcctetes, sp. 
Orthis Leonensis, same as seen in the red beds of 477 E and green 

shales of 4 77 H. 
Mytilarca Chemungensis, small var. 
Athyris? Angelica, probably A. angelica, but near the form of A. polita. 
Sanguinolites clavulus ( =Sphenotus clavulus Hall, 1885). 

In the upper portion of this part of the section, 483 B4, traces of the 
conglomerate are seen in the form of fine pebbles, with oblique bedding 
on the ordinary dark brownish gray sandstone. 

A slab, one side of which is thus turned into conglomerate, contains 
a fine specimen of Grammysic~ subarcuata. Another slab, with the same 
Grammysia, contains also some imperfect Rhynchonellas of the R. con­
tracta type . . Large oblique Leptodesmas, of the L. Mortoni type, appear 
in the same association. 

Above these fossiliferous shales ( B 4
) occur light colored green shales, 

not calcareous, but breaking up into lumpy pieces. They are arenaceous 
and with streaks of the fine green mud shales (B:.J). Above these are 
thin, fragile, red shales, first in thin streaks with the green, but the 
top of the hill is a rich red earth of several feet in thickness, composed 
of the disintegrated red shales. 

As well as can be determined from surface indieatious the uppermost 
huNdred feet is composed of alternation of the green and red shales, 
some layers micaceous and mealy, others fine re<l mud shale, constitut­
ing the specimens designated 483 B1, B2

, and B 3 in the collections, and 
at au altitude from two thousand to twenty-one hundred feet above sea 
level. 

It is perfectly evident on ascending this bill that we pass from the 
Upper Chemung zone through the zone which in other places is repre­
sented by a conglomerate, the first or flat pebble conglomerate, and 
pass upward a hundred feet at least into the estuary or brackish water 
deposits represented in the green and red shales, devoid of fossils and 
often micaceous and presenting the peculiar mealy appearance so ehar­
actcristic of the barren measures which separate the typical Chemung 
4eposits from the conglomerates, forerunners of the Coal J\ieasures . 

.Ascending the hill on the west side of Centerville Valley, or Dodge's 
Creek, and passing over into the valley of Wolf Creek, on the eastern 
slope, we find the same conditions. At the base traces of the Chemung 
fauna are seen for one or two hundred feet, then we run into the green 
and red shales, with traces of the flat pebble conglomerate intervening 
\tan altitude of about 1,950 feet, above which the green and red shales 

· lwld on uninterruptedly to the top of the hill, over 2,100 feet high, and the 
micaceous structure is more frequent, with a tendency to form evenly 
1aminated layers, separated by deposits of nearly pure grains of mica. 
t\.s the mica grains are more abundant so also are they larger than in the 
rocks of the same horizon on the hill a couple of miles farther east. As 
we descend the western slope, into Wolf Creek Valley, we find traces of 
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the conglomerate at the point of junction of the Chemung fauna bearing 
rocks below and the green and red barren shales above, and across on 
the west side of Wolf Creek Valley, near its head, is a fine representa 
tion of the flat pebble conglomerate. 

The altitude of outcrop of this conglomerate on both sides of the hill 
is not far from 1,950 feet, and above 2,000 feet no conglomerate or frag­
ments of it are seen. But in the small runs below this altitude lar~e 
blocks of the coarse sandstone, merging into :fine conglomerate, with 
streaks of larger flat pebbles, are frequent. On the extreme top of tlu 
hill, which by aneroid was estimated to be 2,250 feet above sect le\el, 
a loose block of nearly white sandstone with a few pebbles was found, 
but no outcrop. This may be a drift from the second conglomerate, 
but the several hundred feet of green and red shales below it preclude 
the idea of the occurrence of the :first flat pebble conglomerate at this 
altitude. 

Wolf Creek conglomerate. -48$ C. 
This conglomerate is best seen near the head of Wolf Creek, over 

the llill directly west of Clarksville, or" Centerville Station." Tbe main 
mass of it lies between 1,950 and 2,000 feet in altitude (aneroid e~ti­
mate), and it may be fifteen or twenty feet in thickness; at no place were 
both top and bottom seen exposed. In the beJ of the stream are large 
blocks of it from six to ten feet thick. Its general character is a coarse, 
loosely agglutinated, silicious sandstone, of a yellowish color, in some 
places stained strongly brown, at other places bleached nearly white~ 
obliquely laminated, with the direction of tlte obliquity reversed S(W­

eral times during its deposition, containing streaks of coarser gravel, 
aud occasionally becoming a thick mass of gravel and flat, white, sili­
cious pebbles, with an occasional pebble of red jasper. 

The fossils occur at or near the top, where the rock abruptly cllanges 
into tllc ordinary lJrown gray, arenaceous shales, with distinct traces 
of tlle Chemung· braehiopocl fauna again. The animal remains of the 
conglomerate, 483 0, constitute a characteristic fauna recognized in 
several other places under like conditions. At tllis locality numerous 
chips of carbonized wood were found, as well as the following species: 
Palceanatina typa, abundant . 
.Afodiola prcecedens, common. 
O,tjrtoceros ? Hector, several specimens. 
Orthoceras ~ sp.=? 0. Demus. 
Goniophora Ohemungcnsis, single specimen. 
Leptodesmct lichas ? resew bling L. lichcts Hall. 
Spiraxis? Randalli, var. Newberry.1 

Sp,iraxis? major Newbeny. 
1 The name Spi'raxis is preoccupied for a genus of Gasteropoda, hy C. B. Adams, 1850. 

I propose, therefore, for this genus the name of Pt·ospimxis. 
JUNE 1, 1887. H. s. w. 
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These last two peculiar spiral fossils are identified with Spiraxis de­
scribed by Prof. J. S. Newberry in the Annals of the New York Acad­
emy of Sciences, Vol. III, No.7, p. 220(readDecember 10, 1883). Neither 
of them agrees precisely with the :figures or specimens described by Pro­
fessor Ne"\'\"berry; but, as the specimens themselves are imperfect and 
from study of these and other known specimens it is found that tho 
detailed characters presented by their peculiar forms are not uniform, 
it is believed that the truth is more nearly reached in referring them 
provisionally to these species than it would be if an attempt were made 
to make them the types of new species. 

Little Genesee, Allegany County, N. Y.-484. 
Genesee is the next township south of Clarksville and lies next to the 

State line. The" rock citym nortll of Little Genesee, 484 A, is about 
:five miles south and a little east of the \Volf Creek conglomerate ex­
posure west of Clarksville, 483 C. On the southern slope of the hill 
on the top of which" rock city" is situated traces of the W~lf Creek 
conglomerate were seen in slabs and blocks between the elevations of 
1,925 and 1,975 feet. The rock was not seen in place, but fragments of 
it were met several times a.Iong this zone and none above. The small 
flat pebbles were very distinct from the round and larger pebbles of the 
second conglomerate of the "rock city." Along the railroad, from 
Clarksville to Little Genesee, as well as in the sections on the hillsides, 
the series of strata were in the same general order as at Clarksville. 
No extended exposure was discovered where the precise thickness of the 
individual masses could be measured. 

The Chemung fossils were rarely seen above the hori~on of the :first 
(Wolf Creek) conglomerate and but for a short distance. After the 
green, micaceous, and flaggy shales and the soft, red iron shales had 
fairly set in, the Chemung fauna ceased. 

With the incoming of the second conglomerate of Little Genesee 
"rock city," there was deposited a coarRe mixture of clay, iron ore, and 
yellow sand with fossils. 

DESCRIP1'ION OF RHYNCHONELLA ALLEGA.NIA.. 

This ferruginous sandstone is characterized by a Rhynchonella of large 
size, differing from any species lower in the series, but it also contains 
frequent specimens of Spirifera disjuncta, linking its fauna with the 
()hemung fauna below. I propose to call it 
Rhynchonella A.llegania, n. sp. Plate IV, Figs. 1-'8. 

This is a large rhynchonella, peculiar in this section to the coarse, 
ferruginous sandstones following the Chemung and found, generally, 
not far below the Olean conglomerate. It occurs in the form of empty 

1 'l'he term "rock city" is applied to the massive conglomerates as they appear 
capping the hilltops in several places in the southern counties of New York. In Cat­
taraugus County, six miles south of Olean, a station of the Olean, Bradford and 
Warren Railroad, built upon one of these "rock cities," has received the name of 
Rock City 
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impressions in the coarse sanu, but presents features separating it from 
the usual form of any of our Devonian rhyuchonellas. Of theN ew York 
forms it approaches more nearly R. orbicularis or some varieties of R. 
Sapplw. It appears identical in specific details with specimens I have 
seen in collections from Ohio marked R. Sageriana, but from the descrip­
tion of til at species I believe it to be quite distinct. The costrn are more 
numerous tLan in the typical form of any of these species, from 10 to 
13 being on each siue of the center. It bears a close resemblance to some 
Eifeliau varieties of R. laticosta, and the gutta perch a cast of the exterior 
of a dorsal valve, represented in Plate IV, Fig. 3, is very close toR. prin­
ceps Barrande (E'ig. 12, Plate CXX, Syst. Sil. Boheme). But after con­
siderable study of the specimens and comparison with Devonian rhyn­
chonellas I am led to the conclusion that it is scarely more than a vari­
etal modification of tile rhynchonellas from the ferruginous sandstones 
of Licking County, Ohio, called R. Sappho, var., by Prof. James Hall and 
figured in Geol. Surv. N.Y., Pal., VoJ. IV, Part I, Figs. 47-52, Plate 55, 
p. 354. 

In the form in which it is here represented it appears quite distinct, 
and I therefore propose the name Rhynchonella Allegania. The charac­
teristics of this form are its large size, the broad, flat sinus and fold in­
cluding five to seven well defined, rounded plications; the broad, fiat, 
tongue-like platform representing a depression in the shell itself, under 
the beak of the ventral valve (Plate IV, Fig. 8); the well defined serrations 
of the cardinal teeth seen in Fig. 1; the presence of a strong but short 
median septum in the dorsal valve (Pigs. 1 and 4), with an elongated 
rounded beak of the ventral valve, perforated near the extremity (Fig. 7). 

The specimefls have been found in the ferruginous sandstones under­
lying the conglomerate at Olean and Little Genesee, in New York, and 
at Bradford, McKean County, Pa. In the larger forms the tongue 
shaped platform for muscular attachments in the beak of the ventral 
valve is very broad and fiat, giving a peculiar appearance to the casts, 
unlike the ordinary rhynchonellas of the Devonian. 

The same rhynchonclla occurs just below the Olean conglomerate at 
Rock City1 ( 487 .A. 3) in the same associations and in a ferruginous sand­
stone of the same cllaracter. On the way up the hillside to Rock City 
loose slabs were met witll, though not found in place, presenting the 
same order of occurrence as at Clarksville. 

Along the zone of the first conglomerate were found several slabs of 
the same character of rock and bearing the fossils of 483 B4, i.e., Gram­
mysia subarcuata, and some specimens running into the G. communis 
type, as figured by Prof. James Hall, and Sphenotus clavulus, with one 
specimen closely approaching the form called Allorisma Winchelli of 
Meek. In these gray, shaly sandstones Spirifera disjuncta appears; also 
Rhynclwnella contracta. 

1See note, p. 87. 
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Flat pebble conglomerate also occurs here with Spirifera disjuncta, 

Rhynchonella contracta, with traces of a Bellerophon, sp., and a bryozoan. 
ln this fine pebble conglomerate, :fish teeth appear, one very similar to 
that met with in a similar conglomerate, found loose in the bed of the 
creek at Rushford=a lJipterus tooth (Dipterus? lcevis Newberry); also 
conical teeth resembling those of Holoptychius; but only the casts are 
preserved, so that it is impossible to identify them with certainty. 

This section confirms the order of these upper rocks as interpreted at 
Clarksville. After the regular gray green shale of the Chemung, with its 
brachiopod fauna (rich in Spirifera disjuncta and often containing Rhyn­
chonella contracta), has passed its meridian and is nearly t(lrminated, 
a flat pebble conglomerate is deposited locally. Sometimes the conglom­
erate contains seams of large flat pebbles, at other places it is a thin 
stratum of fine, very hard pebbles, often containing black and green­
ish quartz, all highly worn and bearing :fish teeth, together with Spirifera 
disjuncta, or, where the conglomerate is several feet in thickness, it is 
terminated by a coarse sandy O.eposi t, with the unique fauna of Palceana­
tina typa and Mytilarca Ohemungensis and Modiola prcecedens, with Or­
thoceras and the peculiar coiled stems which Professor Newberry has 
referred to the genus Spiraxis. (See note, p. 86.) 

Above this conglomerate it is rare to find any Chemung fossils, but 
they do not entirely cease till the second conglomerate of 484, Genesee 
"rock city," the Olean conglomerate. Between the two conglomerates 
are red and green, argillaceous shales (the former sometimes bearing 
Chemung fossils), with flaggy, micaceous, green shales and sandstones. 
The intervals between these two conglomerates may average about 
three hundred feet, but the first conglomerate varies considerably in 
thickness and probably varies in the precise position it occupies in the 
series, since it probably represents a shore line which must have occu­
pied consecutively a higher and higher position as the slow elevation 
brought it farther seaward from its earliest position. 

Bolivar, Allegany County, N. Y.-48~. 
The rocks about Bolivar were examined, and, although no extended 

exposures were met with, all the evidence obtained confirmed the order 
of the series as already given. Bolivar is about four miles east and per­
haps two miles north of station 484, at the "rock city," Little Genesee. 
The region for a radius of a mile or more is perforated by oil wells, 
and although, as abo\e said, no good rock exposures were seen, there 
are along the steep hillsides slabs and broken pieces of rock which, 
froni their very order alone, show that they are not far from their source. 
I collected the surface rock at various elevations on the hi1Iside in the 
northern part of the town, on the '~oil farm" of Varney & Co., and, upon 
examining the material, I afterwards found it arranged in the same 
order as in other sections in the county. The elevations must be re­
garded as only approximate, but for general purposes they are valuable. 
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Supposing the railroad station to be 1,COO feet in elevation~ ''e find 
the greenish gray shales of the Chemung with some gray sandstone, 
containing Spirifera disjuncta, Rhynchonella contracta., and Sphenotus 
clavulus, up to 1,800 feet elevation. The fiat pebble conglomerate occurs 
on tne surface from this level upward for fifty feet, and in this conglom­
erate we still find /Spirifera disjuncta • 

.Above an elevation of 1,850 feet the coarser gray sandstones are 
more conspicuous, with red shales and mottled arenaceous shales; to­
ward the top, or above an elevation of 2,000 feet, coarse, micaceous 
and ferruginous sandstones are the prevailing surface rocks. From 
such a series of specimens we recognize the general position of the 
section. It is substantially thA same as that seen on the bill separatiug 
Clarksville from the valley of Wolf Creek (see section 483 C), but as a 
whole l1es a hundred feet lower down. The position of the fiat pebble 
conglomerate is between 1,800 and 1,875 feet in elevation, and at Clarks­
ville it is near 1,950 feet. 

I obtained from Mr. W. T. Reed, the obliging superintendent of the 
Varney & Co. wells, the measurements from the mouth to the top and bot­
tom of what are called by the oil men the "third sand," in this oil field 
being known as the "Rich burg sands." .As usual, the firit oil sand is here 
regarded as lying about three hundred feet above the oil bearing third 
sand, although in drilling the place of the second was not clearly distin­
guished. Records of nine wells were given, the thickness of the third 
sand varying from thirteen to forty-seven feet. Taking the records as 
they are, measuring from the mouth downward, the top of the third 
sand does not vary over a hundred feet for the nine wells of which a 
!'('Cord was made; but the average altitude of the top of the Richburg 
sand, for this lot of wells, according to aneroid measurements and esti­
mates, is 800 feet above the S('a, or something over a thou~and feet 
below the flat pebble conglomerate of tile Upper Cherrung. 

Tile nature of the "oil sandstone" from well No. 11, at the level men­
tioned above, after shooting tile well, is like the gray sandstones of the 
surface twenty or thirty miles farther north. It is calcareous and con­
tains a few black grains as well as grains of mica. No traces of fossils 
were seen in it. It is probable that this sandstone is represented at the 
surface farther north by the Portage sandstones at Portageville, 482. 

Portville, Cattaraugus County, N. Y.-486. 
This station is between Little Genesee and Rock City, Cattaraugus 

County; and the" rock city" of Portville is directly west of Little Gen­
esee "rock city," and between four alltl five miles distant. The top of 
the conglomerate ( 486 A) is at an altitude of approximately 1,850 feet, 
as determined by aneroid. 

The fossils found at its top and the relations of the rock to those below 
and above leave no doubt of its indentity with the Wolf Creek con­
glomerate ( 483 C) four miles to the north. We are able to trace the same 
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zone in the sid.e hill below the Little Genesee" rock city" and at Bolivar 
at approximately the same elevation. 

The conglomerate is a massive, unevenly bedded, coarse, yellow sand­
stone, with a few pebbles scattered irregularly through the mass and 
some beds or layers of pebbles cemented by sand. At the top is a fos· 
siliferous layer containing numerous fossils, the most abundant being 
Palmanatina typa, with several species of mytiloid shells. The pebbles 
are of the lentiform shape so characteristic of these lower conglomer­
ates, and jasper pebbles are found among them, as in the other fiat 
pebhle conglomerates. 

Above the conglomerate are dark, thinly and evenly bedded, mica­
ceous shales, and within the next hundred feet are red, argillaceous sh~les 
and the greenish gray, micaceous shales characteristic of the deposits 
between the two conglomerates. 

The species identified ia this fauna, 486 A, are­
Palmanatina typa. 
Modiola p,·mcedens. 
Mytilarca? sp. 
Rhynchonella contracta, the ordinary type and a small variety. 
Leptodesma ? sp., a form near the L. lichas, Hall. 
Orthoceras? sp., apparently identical with the species from the Wolf 

Creek conglomerate, 483 C. 
No Chemung fossils were detected above the conglomerate. 

Great Valley, Cattaraugus County, N. Y.-490. 

The flat pebble conglomerate forms a "rock city" about six miles south 
of Ellicottsville, on the ridge separating Little Valley and Great Valley. 

The first trace of fossils in loose slabs under the conglomerate is of 
tbe same fauna which runs up to the conglomerate at Wolf Creek, 
Allegany County, and other places in the same region. But in Great 
Valley I found no fossiliferous ledges in place. The elevation of the top 
of this conglomerate has already been carefully determined by Messrs. 
Chauce and Hall, and is 2,190 feet above sea. level and thirty-five feet 
thick. (See Report IIII, Second Geological Survey Pennsylvania, J. F. 
Carll, p. 203.) 

The rocks are the ordinary fiat pebble conglomerate, with some ferru­
ginous streaks, while the main mass of the rocks is a coarse, yellowish 
sandstone. The sands are obliquely bedded and the direction of this 
beach lamination is reversed several times during the formation of the 
deposit. 

The characteristic jasper pebbles are also found; but no fossils were 
found in any part of the conglomerate. 

In all the elements of composition, structure, and color, this corre­
sponds with the conglomerates of Wolf Creek, Portville, and places 
in Allegany County. 
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Olean, Cattaraugus County, N. Y.-487. 

From Olean upward to the Rock City1 conglomerate, six miles south of 
the city, the Upper Chemung rocks are exposed in numerous places, 
clrarly exhibiting the general sequence of faunas and stratigraphical 
characters. 

Olean, at the_Buffalo, New York and Philadelphia Railroad depot, is 
reported as 1,435 feet in elevation; 1,430 feet is C. A. Ash burner's cor:. 
rected altitude. 

The first exposures in the hillsides are of Chemung rocks, containing 
the Athyris Angelica fauna, and for fully two hundred feet, extending 
to 1,700 feet in altitude, the characteristics of the Upper Chemung are 
conspicuous. Although thin sheets of red, argillaceous shale are met 
with in the midst of the ordinary greenish gray, fossil bearing Chemung 
shales, they become more conspicuous, in thicker masses and associated 
with coarser, micaceous, :flaggy, and barren shales, as we ascend above 
the fossiliferous parts. The highest exposure of a characteristic Che. 
mung fauna was found in gray, arenaceous shale~ two hundred and thirty 
feet below the :first sandstone and about four hundred and thirty feet 
below the base of the Olean conglomerate. A considerable bed of red 
shales occurs half way between the first sand and this top of the Che­
mung fauna. -

The first sandstone, as determined by examination in several places, 
is not uniform, but lies between two hundred and two hundred and fifty 
feet below the base of the conglomerate. This is evidently the sand~ 
stone which the oil well drillers on top of Rock Oity speak of as occur­
ring about three hundred and fifty feet from the top of wells started 
above the conglomerate. The rock as found in places is of variable 
character. Below Rock City on the west (487 A 5 and 487 A 6) it appears 
in a few courses, none of which exceeds eighteen or twenty-fourinches, of 
tough, yellowish, fine grained sandstone; some parts of these are marked 
by the borings of some worm similar to the Fucoides verticalis in the 
Portage sandstones below, but not more than a quarter as large, and 
occurring in great numbers, so that exposed and weathered slabs show 
as many as :fifty of the small pittings, due to the deeper weathering of 
their exposed ends, in the space of a square inch. The ]ower layers of 
the sand are generally ali ttle coarser and looser grain, more or less 
brown iron-stained. Above and below, red, argillaceous shales occur 
with ~he ordinary greenish shales, but at this exposure no conglomer­
ate or pebbles were detected. Around on the north side, at the Cook 
quarry, the same zone is recognized, and at very nearly the same eleva­
tion, as determined by aneroid barometer. This is 487 C, the details of 
which will be given more fully beyond (p. 97). The particular sandstone 
in question is under a mass of red and green, argillaceous shales several 
feet thick; it is irregularly bedded, wedging rapidly in some layers from a 

1See note, p. 87. 
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thin streak half an inch thick to a bed two feet or so thick and massive . 
.Associated with it are beds of fiat and small pebbles, beds containing 
fragments of plants in abundance, and in the upper layers are the fine 
vertical borings seen in487 A 6 and also in the corresponding sandstones 
of Bradford, McKean County, Pa. The lower layer.s are of the more 
massive, fine grained, yellowish brown sandstone. The quarry, how­
ever, is principally worked for the excellent thin bedded, blue gray, mi­
caceous flagstones lying below these yellow sandstones. 

Above this zone of sandstone and conglomerate the rocks are green 
and red, coarse, mealy, micaceous shales and flags, and soft, argilla­

. ceous shales, until near the base of the conglomerate, where we meet the 
ferruginous sand stone containing the large Rhynchonella Allegania and 
the Spirifera disjuncta so characteristic of this zone. 

Study of these sections and close comparison of the specimens from 
the various localities lead me to the opinion that serially there is a uni­
formity in the deposits for all of this region in Allegany and Catta­
raugus Counties, however the minute details of the local sections may 
di:fl'er. 

The characters marking the close of the Upper Chemung epoch are 
as follows: Deposits of thin bedded, alternating, argillaceous and arena­
ceous, bluish to greenish brown, fine grained shales containing the last 
Chemung fauna, with its characteristic variety of Spirifera disjuncta, 
with area high and overarching and not prolonged at the cardinal ex­
tremities, Athyris Angelica appearing in the softer, argillaceous deposits 
and Rhynchonella contracta . 

.As these conditions passed away the red shales gradually came in. 
These first occur as thin layers, appearing occasionally in the midst of 
the other rocks of soft, red shale; occasionally they contain one or two 
of the regular Ollemung fossils. As we ascend, the red shales are ac­
companied by traces of the green, micaceous beds; but when the mica 
shales appear the fossils are very rare or wanting. When the pre­
vailing character of the rocks is evenly laminated, loose textured, coarse 
grained, and micaceous, we look in vain for fossils . 

.At this stage in the sequence we loolr. for the first sandy conglomerate. 
From examination of several sections in different places I am convinced 
that for these Southern New York outcrops, the first flat pebble con­
glomerate-carrying often jasper pebbles (with some variation in the 
thickness of the red shales above the last C,hemung fauna and some dif­
ference in the extent to which Chemung species run up in the red bear­
ing rocks)-occurs stratigraphically at this place ia the series. It is not 
always a pebble conglomerate, but when only a gritty sandstone it gen­
erally contains a few scattered pebbles, and though Cliemung fossils may 
not have entirely ceased at its arrival it is very rare in this region to 
find any of the characteristic species above it. 

Above the flat pebble conglomerates, the red and green, argilla­
ceous shales and the gray, micaceous, and flaggy shales prevail up to the 
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Olean conglomerate. In this interval are seen the coarse rocks which 
resemble the Catskill deposits of the eastern part of the State and con­
tain Holoptychitts and other fish remains. Just below the Olean con­
glomerate there is a ferruginous sandstone, as at Little Genesee, holding 
the same fauna, containing among other species the Spirifera d~sj1tncta. 

The Olean conglomerate is divided into two parts by a thin stratum 
of black shale, which doubtless represents the zone of the Marshburg 
upper coal or Sharon group of Mr. C . .A. Ash burner (see Report of the 
Second Geol. Surv. Penn., R.); above this the conglomerate is less 
pebbly, the sandstone whiter and finer. This upper portion of the ''rock 
city" section I regard as representing Kinzua Creek sandstone of the 
above mentioned report. 

The records of oil wells drilled from the top of the Olean (Rock City) 
conglomerate agree in their general features with the facts developed 
by study of the outcrops along the hillsides. The drillers report about 
eighty feet, at the thickest point, for the conglomerate, including both 
members. At a depth of 350 feet they report the first strong sand 
seam of two screws' thickness; below this, "red streaks," but no thick 
red beds; at a depth of 1,250 feet is another sand of varying thickness, 
below which no red shales are found. Oil is struck in a sand at a depth 
of 1,860 to 1,865 feet. 

Taking 2,340 feet as the altitude of the bottom of the conglomerate 
(see Report Second Geol. Surv. Penn., R), the top would be at 2,420 feet 
in altitude, and the first sandstone at 2,070 feet. The outcrop of this 
sandstone, as recognized on the hillside, was not so thick as the drillers 
reported. 

At several places at about 250 feet, aneroid measurement, below the 
base of the conglomerate a massive sandstone was seen, varying greatly 
in thickness (see 487 A and 4-87 C). It is composed of a yellowish sand 
similar to that associated with the flat pebble conglomerates, with 
pebbles in some specimens. Along the hillside below this horizon were 
frequently seen large blocks of thick, massive sandstone of the same 
character, carrying traces of the same fauna met with in the flat pebble 
conglomerates farther north and east. These large blocks have been 
extensively used in and about Olean for building stone, and, although 
they are of an entirely different character from the Olean conglomerate, 
the actual ledge from which they came is not known, even by the most 
experienced quarrymen of the neighborhood. From study of the region 
I ooncluded that they were probably represented by the thin sandstone 
called C3 and C6 in the Milo Cook quarry. The blocks were found in 
several places nearly as high as this quarry and scattered on the hillside 
at all altitudes below, but I did not find one above. The wedge shaped 
beds of sandstone in that qu~rry explain the probable nature of the 
deposit throughout. It was doubtless thick and thin, as coarse sand 
might be expected to be deposited near a shore, with soft shale part­
ings, which broke up the massive character wherever the;y w~r~ f.r:~- , 
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quent or in thick layers. The more massive beds, when two or three 
feet thick, stood out during the general disintegration of the hillside, 
and breaking off finally rolled down the hill, but the massive portions 
were not continuous or uniform for any distance, and no regular ledge 
of the rock is detected along the slope of the hill. Seen along the hill­
sides at about the same horizon and loose below and reported at ap­
proximately the same position in the series by the well drillers, and by 
them found to be the only sand worth mentioning until passing below 
the red shales, these yellow sandstones show traces of both the flat 
pebbles and the fauna of the genuine flat pebble conglomerate, and 
they are the only rocks between the typical Chemung faunas and the 
Olean conglomerate which bear any resemblance to that zone. 

I cone] ude therefore that, for the Olean section, these yellow sand­
stones are the representatives of the Wolf Creek, the Portville, and simi­
lar conglomerates farther north, east, and west, although they lie ap­
parently higher stratigraphically in relation to Chemung marine faunas 
and in a more pronounced setting of red shales and green, micaceous 
shales than do any of the flat pebble conglomerates farther north and 
west. 

This interpretation is further supported by comparison with the sec­
tions farther south and east, where the red and green shales and the 
coarser, micaceous deposits become more and more frequent. and of 
greater thickness previous to the deposit of the great conglomerate, 
and as we go off in the southeastern direction the flat pebble conglom­
erate appears to lose its identity in the general increase of coarser de­
posits all through this part of the series. 

Section 487 B. 

Along the railroad, ascending the hillside from Olean toward Rock 
City, the rocks for the first hundred feet are gray, arenaceous shales and 
shaly sandstone, with some layers of softer, greenish, argillaceous shale, 
such as is common in the Chern ung group. Rising above this, traces of 
the red shales appear. The lowest clearly marked red shale was seen 
at about 1,650 feet elevation, or something over two hundred feet above 
the valley, in the midst of ordinary shales with Chemung fauna. This 
is at an elevation but a few feet lower and in the same lithological 
associations as the first clearly defined red band of the section south of 
Cuba, 477E. 

The Chemung fauna, however, is not recognized much above this red 
shale; the species are very rare, and the fauna was rapidly disappear­
ing when this six inch stratum of red shale was deposited. This Upper 
Chemung fauna is clearly marked by the prevailing presence of Athyris 
Angelica, the smaller variety of Rhynchonella contracta, and Productella 
of the t.ype of P. hystricula. The Spirifera disjuncta is here the variety 
with high, overarching beak and narrow form. 
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The fossil bearing, arenaceous shales are frequently strongly calcare­
ous, and upon weathering, by solution of the fossils and the calcite, they 
become cavernous and often are stained brown by iron. 

The fauna, as well as the general character of the rocks, shows this 
series to belong to the same general zone as that represented in the 
sections south of Cuba, particularly 477 E. The fauna is that which 
followed the Cuba sandstone, 4 77 A. 

Fauna of 487 B, H, &c. : 
Rhynchonella contracta j the large form is rare. 
Rhynchonella contracta, var. saxatilis. This small form is the common 

one, and some varieties approach the form called R. duplicata Hall . 
.Athyris .Angelica, with some small varieties approaching .A. cora and .A. 

pol ita. 
Spirifera disjuncta. The prevailing form is that of the short, high. 

beaked type, of small size, figured in Geol. Surv. N. Y., Pal., 
Vol. IV, Pt. I, pl. 42, figs. 1, 2. 

Productella hystricula. The larger specimens approach more nearly the 
typical form of P. spinulicosta (or P. Shumard·iana) and P. hirsuta 
and P. onusta j but the large majority of specimens are small, the 
ventral valve alone greatly resembling that valve of P. dissimilis 
Hall of the Iowa Devonian and the Lower Chemung beds of New 
York. 

Ceriopora, sp. The hollow casts left by solution of the substance of the 
organism are frequent, but in such a condition as to forbid cer­
tain specific identification. 

Sanguinolites clavulus, several specimens, ( = Sphenotus clavulus Hall, 
1885). 

Sanguinolites rig·idus, or varieties of the other form. 
Leptodesma patens and varieties in the direction of the forms L. Mortoni 

and L. 1J1.aclu?'ii. 
Mytilarca Chemungensis, a single specimen. 
Fragments of fish bone. 
Plant fragments. 
Fragments of crinoid stems. 
A small, low coiled gasteropod, too imperfect to identify. 

1 A fragment, probably of Schizodus rhombeus, but not distinct. 

In the greenish shales at the foot of section 487 A (the stratum A 9) 

.the fauna is apparently the upper part of this same zone, the one seen at 
Clarksville and Portville just below the flat pebble conglomerate. This . 
is made up almost entirely of Spirifera disjuncta, with a few Rhynchonella 
contracta, normal size, and a few Chonetes scitula of the later type. 
This part of the fauna was not reached in section B. In these upper fos­
siliferous strata the absence of certain species is worthy of mention: 
Streptorhynchus Ohemungensis and Orthis Tioga and the Orthis of the 
first red beds above the Cuba sandstone are none of them present in 
these Olean shales. 
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The arenaceous character of the strata has become prominent, and 
from this point upward the argillaceous shales are generally red or red 
alternating with a bright green and contain no marine fauna. 

Cook Quarry, south of Olean.-487 C. 
This quarry exhibits some points of interest. The base of the quarry 

is somewhat over 200 feet below the base of the conglomerate at Rock 
City.I It includes the same zone recorded as A5 and A6 in the section 
going down the slope westward from Rock City. It is also the same 
zone in which occur the last (on ascending) blocks of the fine yellow 
sandstone extensively used for building at Olean. 

Mr. Milo Cook, the owner of the quarry, told me that he had searched 
in vain for the outcrop of this thick bedded sandstone. His quarry 
contains a few thin seams of like sandstone, but the main quarrystone 
is :flagging of very fine quality, separated by thin layers of mica and 
cleaving into large, even flagging stone. The quarry exposes 50 feet of 
strata for minute examination. 

The top of the cliff is covered with earth, lying upon-
C1• Three to four feet of red, argillaceous shale, soft and compact. 
0 2

• Two to three feet light green, argillaceous shale, grading above grad· 
ually into the red. 

031 
C4 

( Ten feet, unevenly bedded. 
C:,J 

0 3
• Heavy bedded, gray sandstone, with some mica, but working pretty 

free; in the thicke~t part are courses of over a foot thick, from 
two feet running out to ten or even six inches. 

0 4
• Thin stratum of fine grained, argillaceous shale, light green, simi­

lar to the lower part of C2• 

0 5• Coarse sand, yellowish color, filled with fragments of fossil wood 
and plant stems of Ptilophyton and Rhodea, &c., containing peb­
bles in streaks, flat, and one of them an inch in diameter. This 
mass is very unevenly bedded and is broken up occasionally by 
thin sheets of the fine green shale. 

0 6• Coarse to fine sandstone, in some parts nearly white, very hard, 
silicious sand, the upper layers perforated by fine vertical bor­
ings filled by the fine green clay shale; surface when weathered 
pitted by the open mouths of the perforations; ripple marked 
in some places, with flat pebbles and a few plant fragments, as 
in C5• This mass is very uneven; in this one quarry it thins out 
from four feet to less than an inch in thickness. At this thin 
edge it lies between sandy shales, with plant fragment& and soft, 
green, mud shale, is folded into regular undulations. or furrows 

1 This Rock City is a station on the Olean, Br~dfo:rd a:t;~.d Warren ~ailroad, six mile~ 
south of Olean. 

Bull,41-7 
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about an inch and a half apart, the effect of ripple action, and 
is completely perforated by the small vertical borings above re­
ferred to. This is terminated below by a few inches of green 
argillaceous shale. 

0 7
• Thirty-five feet dark bluish gray, evenly bedded, micaceous sand­

stone, very flaggy, cleaving into broad ·sheets, from one-half inch 
to six inches thick, the partings glistening with mica. About half 
way down (sixteen feet from top) is a thin parting of soft, red 
shale. 

0 8• Below the bottom of the quarry, at least ten feet, rock of the same 
character as 0 7

, but coarser and unevenly bedded, showing cur­
rent action, with oblique bedding, the direction of obliquity 
changing -several times in course of the deposition of five feet. 

The break between C7 and the sandstones above is very marked. The 
sands above are of light color, yellowish and brown gray, with traces 
of iron stain. Flat pebbles are frequent, though not here found in any 
large quantity. Although grains of mica are seen, they are merely pep­
pered through the mass of the sand and not spread out in even sheets. 
The lower sandstones are dark bluish gray, with thin, flaggy bedding, 
no browning or iron stains, deposited in very smooth, thin sheets with 
partings of mica grains, making excellent flagging. The better part of 
the sandstones C3 and C6 , especially the latter, are.similar and equal in 
quality to the blocks obtained abundantly in the valleys and upon the 
hillside south of Olean. 

The same characters and order of sequence were seen in the section on 
the hillside westward below Rock City. Below a red, argillaceous shale, 
A 5, came the thick courses of A 6, with the same fine vertical borings at 
the top. The sandstone is of the same color and texture as C6 , and be­
low this for fifty feet, more or less, the prevailing rock is the mealy, 
micaceous flagstone represented by C7 •. The elevation is approximately 
identical as determined by aneroid. 

Comparing the lithological characters with those of the flat pebble 
conglomerates farther east at Portville, at Clarksville, (Wolf Creek), and 
at Little Genesee, also with that farther west and north, the "rock city" 
of Salamanca, there is little to distinguish them. Looked at stratigraph. 
ically, this is full a hundred feet above the Wolf Creek and equivalent 
flat pebble conglomerates; but, when we examine the sequence of the 
faunas, this is the first genuine conglomerate, terminating the Chemung 
fauna and separating it from the typical red and gray shales of the Cats­
kill conditions. On passing southward along this meridian we find the 
reds, in relation to the composition of the embedded faunas, taking a 
lower and lower place in the series, and they become more frequent and 
thicker; also the gray and green, micaceous flags, presenting a coarse and 
mealy appearance from the larger size of mica and sand grains, are more 

. frequent and .more , fully take the place of the finer green and brown 
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Uhemung shales the farther south we go. We also meet more frequently 
single pebbles in the ordinary fossiliferous shales going the same direc­
tion. A.ll these facts point to an approach to the shore line and shal­
lower water. Associated with this change we should expect thicker 
deposition for each of the strata, and hence the upper strata should not 
exhibit so great a dip southward as the lower. Thus, in attempting to 
solve the problems of equivalency between the New York sections of 
these rocks and those farther south in McKean County, Pennsylvania, 
I trust to this line of interpretation, based upon the following funda­
mental proposition, which I believe to be substantially sound: That, 

. for deposits within a single geographical area presenting varying 
conditions in the nature of the deposits and in the fossils, a more reli­
able guide for determining equivalency will be found in the continuity 
of a well marked fauna with persistence of slight varietal characters, 
than in any uniformity, either in the nature of the sediments, or in their 
thickness, or in their order of sequence, except for very short distances 
of separation. A.nd, in general, the coarser the ingredients composing 
them, the more restricted geographically will be found the specific 
characters of a continuous deposit. 

A. mile or so beyond Rock City the upper member of the conglomer­
ate 487 F appears. There are twenty or thirty feet of this sandstone 
here exposed, which I regard as the representative of the Kinzua Creek 
sandstone oftheReport of the Second Geol. Surv. Penn., R. It is here a 
coarse sandstone, with few or no pebbles; in the upper layers, particu­
larly, it is purer white than the Olean conglomerate be low. A.t its base I 
detected streaks of ferruginous shale and sandy shale, and at a point 
somewhat northeast of the Rock City station, on the top of the Olean 
conglomerate, I obtained some pieces of slaty coal and are·naceous 
shale, which Mr. Milo Cook, of Olean, informed me he himself saw 
dug out in making an excavation when the roads were being cut at 
the first oil excitement in this region. A.t that time he saw this black 
shale in place, and there were some two or three feet of the black shale 
with streaks of coal, which at the time caused hope of finding coal, but 
the digging revealed no solid coal, so the search w:as abandoned. The· 
samples of this shale are marked 487 E 2, and attention is drawn to them 
as marking the horizon of the Marshburg coal of Mr. A.shburner's 
report. The whole mass of upper sandstone is of a white color, free 
from iron stain, and contains little cementing material, and what there 
is of it appears like fine clay or decomposed feldspar. 

Several large stems were seen in this sandstone; one is a fragment 
of a Sigillaria stem. 

The lower member, or true Olean conglomerate, corresponding to 
the conglomerate so defined in McKean County, is better defined as a 
coarse conglomerate with a sandy matrix and occasional streaks of 
sand. 
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Bradford, McKean County, Pa.-488. 
After the careful and exhaustive work of Mr. Ashburncr in McKean 

County it would be difficult to add much to the stratigraphical geology 
of this county as set forth in Report Second Geol. Surv. Penn., R. Mr. 
Ashburner in 1880 found the rocks from the Olean conglomerate to the 
bottom of the deepest valley, paleontologically considered, essentially 
one group, incapable of subdivision (op. cit., p. 292, § 388). But 
paleontologically the strata are certainly poorly provided with means 
of discrimination. As, however, the sections in this county, and espe­
cially the Dennis well section near Bradford, are authoritative and are 
extensively used for comparison, I took some pains to locate the fos­
siliferous zones of the corresponding series of Southern New York in 
this rock series exposed at Bradford. I examined such rock outcrops 
as I could find from the valley up the side of Mount Raub to the 
Olean conglomerate capping it. This is section 488 C; also along the 
hillside towards the Dennis well, 488 A. The materials collected, while 
not extensive, were sufficient to illustrate the general succession and 
position of the several fossiliferous zones. In the valley (1,440 feet at 
the railroad depot) and running up a couple of hundred feet are found 
the characteristic bluish gray, argillaceous and sandy shales and the thin 

· sandstones of the Upper Chemung horizon, and in them, abundantly in 
some of the layers, the species of the upper fauna of the Chemung group. 

In 488 0 8, A 1 and B 1, are seen the following species: 

Spirifera disjuncta, with high, overarching area. 
Rhynclwnella contracta. 
Productella arctirostrata, running into the type of the var. lima of P. 

lachrymosa, are the more common forms. 
Oeriopora, sp. 
Fragments of crinoid stems. 
Leiorhynchus ? globuliformis, or one of that type. 
Leptodesma, near L. Mortoni Hall. 
Grammysia communis. 
Palceoneilo. 

This is the combination of forms frequently met with in the softer 
shales of the upper fossiliferous zone of the Chemung. Above this are 
red shales, gray and green, micaceous, flaggy shales, and sandstones. 

A ·hundred feet or so above the last traces of tllis Chemung fauna a 
fine sandstone (A3 and 0 6), with the small vertical worm borings near 
the top, is clearly distinguished in both sections. This is mainly com. 
posed of sand, but also contains stratified layers of pebbles. The peb­
bles are generally small and smoothly polished, with a few larger flat 
pebbles and an occasional jasper. This I interpret to be the stratum No. 
15 of the Dennis well, described as" S.S. gray, fine, mixed with slate, a 
few pebbles, specs. 26, 27; -23 feet, elevation 1,817 to 1, 840 feet, and re­
ferred to the Red Catskill group" by Mr. Ash burner. (Op._cit., p. 288.) 
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At this zone a few fossils were detected, enough to show to what fauna 
they belong: 
Spirifera disjuncta. 
A small fish tooth. 
A Leptodesma of the L. Jl!ortoni type. 
Palmanatina typa. 
A cast of a lamellibranch, resembling Schizodus oblatus, but too imper­

fect for identification. 
There is no place in the more northern sections to which such a fauna 

in such a rock can be referred, except the flat pebble conglomerate. 
Between this and tlw Olean .conglomerate the prevailing characters are 
red and gray shales, greenish, micaceous, thin bedded shales, and sand­
stones. Not far above the sandstone A 3 and 0 6

, at 04, Holoptychius 
scales and Sauropterus Ta,ylori were found in thin bedded, shaly sand­
stone. Above this the only fossiliferous stratu-m detected is a band of 
ferruginous sandstone, 0 3, in which were found the Rhynchonella and 
Spirifera characteristic of a similar ferruginous sandstone underlying 
the conglomerate at Olean and at Little Genesee. 

In the present section this sandstone is separated by over fifty feet 
from the base of the conglomerate, and it is apparently in the horizon 
called by :Mr. Ash burner the sub-Olean conglomerate of the Dennis well 
section; but it is not a conglomerate, nor did I discover any stratum of 
conglomerate except the one mentioned above on the hillside of Mount 
Raub. The Olean conglomerate is clearly represented at the top, having 
the same characters as at Olean. 

Whatever may be said of the differences between the stratigraphical 
conditions of this Bradford section and the corresponding five or eight 
hundred feet under the Olean conglomerate of Rock City, I am per­
suaded that the sequence of faunas was the same in both cases. The 
faunas are sparse, both in species and in individuals, but they are 
clearly recognized in the same order of succession as that borne by 
them in the sections fartner north. They are not confused: Spirifera 
disjuncta, though found at each zone, presents varietal character~, 

clearly distinguishing the upper zone from those below. The Lower 
Chemung form is of the narrow type, with short or rounded cardinal 
extremities, with high, overarching beak, strong dental lamellre, and 
strongly defined fold and sinus, the front produced, as in Figs. 1, 3, 
11, 16, and 17 of Plate 42, Geol. Surv. N.Y., Pal., Vol. IV, Pt. I. This 
type prevails up to the zone of the flat pebble conglomerate, where 
it is occasionally seen. But in the ferruginous sandstone under the 
second Olean conglomerate the elongate type occurs, with mucronate 
cardinal extremities, the plications rather finer, the fold and sinus less 
strongly defined, the front not produced, approaching the typical char­
acters of the Carboniferous S. striata. 

I have called them all Spirifera dis}uncta because a study of the 
forms appearing in the successive zones, as they are traced step by 
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step, presents variations which link the prevailing type of one zone 
with the prevailing type of the succeeding zone. There is a variety in 
the Upper Chemung faunas which is indistinguishable from some speci­
mens of the Iowa Spirifera-Whitneyi, but its asso~iations show, indis­
putably, that it is but a variety of S. disjuncta of our Upper Devonian. 

Similar statements may be made in respect to many other species, but 
since it can be plainly demonstrated that the prevailing characteristics 
assumed by a species at one stage are very frequently, to say the least, 
not those assumed by it at the next succeeding stage, it will certainly 
lead to less confusion to use present specific names with some elasticity 
until the laws of modification shall be clearly distinguished in their 
relations to both geological range and geographical distribution. At 
the same time it has been my intention in these preliminary papers to 
point ()ut any marked variation from the prevailing characteristics of 
species recorded. 

The stratigraphical conditions are not uniform for the Bradford and 
Southern New York sections. In the Bradford sections there is a greater 
preponderance of red shales and green, micaceous, flaggy sandstone. 
Taking, however, the Olean conglomerate above and the gray and green 
shales with Chemung faunas below as two well defined boundaries, 
the differences in the intervening deposits for the northern and southern 
sections seem to me to be best explained as geographical variations iu 
the nature of synchronously deposited sediments. Uniformity in the 
faunas and in the order of their appearance should testify more posi­
tively for equivalency of horizon than difference in the nature of the 
deposits should against it. 

Alton, McKean County, Pa.-489. 
The rock exposures south of Bradford lead rapidly up into the con­

glomerates, and in Lafayette Township we reach the first heavy coal 
seams of this area. 

At Alton and at Butts ville I made a rapid survey of the sandstone and 
coal deposits and gathered materials for comparison with the sections 
farther north. No fossils except coal plants were detected. In the 
coarse sandstone underlying the first Alton coal are coarse stems of 
Sigillaria, apparently identical with those of the upper member of the 
Olean conglomerate at Rock City. 

In regard to the lithological and stratigraphical featur es of this region 
little can be added to the excellent work of Mr. Ash burner (see Report 
Second Geol. Surv. Penn., R.). His Kinzua Creek sandstone is evidently 
the representative of the upper member of the Olean conglomerate, and 
the thin mass of black shale and shalysandstoneseparating t be conglom­
-erate from the coarse sandstone capping the "rock city" represents the 
Marsh burg upper coal of the Pennsylvania reports. The representative 
-of the Olean conglomerate in Lafayette Township I found less massive 
and with smaller pebbles than the characteristic Olean conglomerate of 
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Rock City, Cattaraugus County, N.Y., or than that on Mount Raub, 
above Bradford. 

The elevation of the bottom of the Olean conglomerate at Alton is 
1,878 feet and at Buttsville 1,924 fee~, as given by Mr. Ash burner (op. cit., 
p.185). This gives an average dip of about twenty-five feet to the mile 
from Pu0ck City southward, which agrees with the estimates I had made 
of the average dip of the upper strata in Allegany County. From all 
the evidence accumulated from surface exposures and position in the 
salt wells of Wyoming County of the Corniferous limestone from Genesee 
County to the edge of Allegany County the average dip is not far from 
fifty feet to the mile. 

CONCLUSIONS. 

Prof. I. C. White, in the Neport of the Second Geological Survey of 
Pennsylvania (QQQQ, p. 77), calls the sub-Olean conglomerat~ of Mr. 
Ashburner the equivalent of his Shenango sandstone, and, as a sand­
stone, puts it in the midst of equivalents of Cuyahoga shales of Ohio. 
The shales below it graduate eastward into the Pocono groups. A study 
of the reports of Messrs. White and Ash burner, taken with my own ex­
amination of the rocks about Bradford, suggests the following conclu­
sions: 

(1) The Olean conglomerate is the equivalent of beds lying under the 
coal in Pennsylvania. 

(2) There is a second conglomerate, with flat pebbles, under the Olean 
conglomerate, which must be regarded as of wide extent. 

(3) The Pennsylvania geologists regard this lower flat pebble con­
glomerate (the "sub-Olean,'' "sub-Garland," &c.) as lying under the 
H Catskill" and in the midst of deposits equivalent to the Lower Car­
boniferous beds of Ohio and the West. 

(4) It is recognized by them as lying in the midst of the Pocono group 
of the Eastern Pennsylvania section. 

(5) My section shows it to be at the top of the Chemung and contain­
ing a fauna of decided Chemung type, which is distinct in some feat­
ures, but appears in the shales below. 

(6) These underlying shales in New York gradually run into genuine 
Chemung rocks and fauna and cannot be discriminated from them by 
any sharp line of distinction. 

I have traced the conglomerate and the faunas coming up to it con­
tinuously from north to south and observe (a) an increase of green, 
micaceous slates, (b) the appearance of red shale (1) lower and (2) 
thicker, and (c) the sand deposits more conspicuous the farther south 
the section is made. 

I conclude, therefore-
(7) That with the geographical passage southward the Upper Che­

mung beds grow coarser in their sands, the argillaceous bands become 
more micaceous, and the red bands are intercalated, and are present 
lower in the series ; 
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(8) That probably the same thing occurred in regard to the higher 
deposits of the Carboniferous; 

(9) That the total deposits were thickened on passing southward by 
increase in the coarse sands, but that the red and green shales may only 
take the place of the brown and blue shales farther north ; 

(10) That the sands are purer and whiter by becoming coarser and 
freer from the brown clay and mud forming the ordinary shaly deposits 
of the Chemung, in New York; 

(11) That with the purer deposit of sand the sands themselves become 
more massive, and are thus more easily distinguished as sands from 
the shales between; and 

(12) That the increased thickness of the total mass affects the dip of 
the rocks based upon that of the Corniferous, so that the upper strata 
are more nearly horizontal over Southern New York and Northern 
Pennsylvania. 

(13) 1 judge from the numerous facts here arrayed that the conditions 
for the deposition of red shales were not congenial to the marine fauna 
of the Upper Chemung group. So long as they were but temporary­
represented by thin layers or occasionally intruded in the midst of the 
ordinary green shales-the Chemung fauna was only temporarily dis­
turbed by their presence, but when they became the prevailing sediment, 
associated with micaceous, fiaggy sandstones and green shales, the Che­
mung fauna departed. 
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EXPLANATION OF PLATE III. 
Page. 

FIG. 1. Dipterus Nelsoni Newberry, ms., from the conglomerate of the Upper 
Devonian ; near Rushford, Allegany County, N.Y................ 62 

2. Diptc1·us? lmvis Newberry, ms., from the Chemung conglomerate, at 
Little Genesee, Allegany County, N.Y. ...... ...... ...... ........ 63 

3. Aptychus of Goniatites, X -'t, fromthe Portage shales at Attica, Wyo-
ming County, N.Y.............................................. 37 

4. Aptyahu,s of Goniatites, X-¥-, from the Portage shales, Warsaw, Wyoming 
County, N. Y ......... ~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . 37 

5. LunuUaa1·dinrn levis, n. sp., right valve, from the green Portage shales, 
Varysburg, Wyoming County, N.Y.............................. 38 

6. Lunuliaa1·cliurn levis, right valve, same locality . . . . • . . . . . . • . . . . . . • . . • • 39 
7. Lunulicardiurn fragile Hall, same locality . . . . . . . . .. .. . .. .. .. .. .. . .. . . . 38 
8. Lun1tlicardiurn lev·is, n. sp., left valve, from the Portage green shales, 

Warsaw, Wyoming County, N.Y. (ThisandFig. 6 are the types of 
this species) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . 39 

9. Ptyahoptm·ia? rnesoaostalis, n. sp., X t, from the Portage shales, War-
saw, N. Y .••.•• ~-... . • . • • . . . • • • • • • • • . . . . . . . • • • • . • • • • • . • . • • • . • • • • . 35 

lO, 11. Pterirwpeaten ? Attiaus, n. sp., right and left valves, X t, from the 
Portage shales, Attica, N.Y...................................... 35 

12. Ptyolwpte1·ia rnesooostalis, var., left valve, from the Portage shales, At-
tica, N.Y ...... :................................................ 36 

13. Luoina Wyomingensis, n. sp., X f, from the Portage shales, Varysburg, 
N.Y............................................................ 44 

14. Luaina Va1·ysburgia, n. sp., X t, from the Portage shales, Varysburg, 
N.Y............................................................ 44 
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EXPLANATION OP PLATE IV. 

~"'IG. 1. Rhynchenella Allegania, n. sp., dorsal view of interior impression, from 
the ferruginous sandstono below the Olean conglomerate, Little 

Page. 

Genesee, Allegany County, N.Y ... _ _._...................... .. . ... 87 
2. Rhynchonella .Ll.llegarl'ia, lateral view of an interior impression, from the 

same locality .............................•.................. :. • 87 
3. Rhynchonella .Allegania, ventral valve, taken from a gutta percha im-

pression, from the same locality................................. 87 
4. Rhynclwnella Allegania, dorsal view of an interior impression, from the 

same locality ...••....•...............•......•.•. :.............. 87 
5. Rhynchonella Allegania, side view of same specimen . • • • • . . . . • • . . . • • • • • 87 
6. Rhynchonella Allegania, a ventral valve, interior impression, from the 

same locality . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . • • • • . • • • . . . • . . • • . . . . . 87 
7. Rhynchonella Allegania, showing deltidium, beak, and foramen, from a 

gutta percha impression .......... ---------· ·----· ...... u·~··.. 87 
8. Rhynchonella Allegania, interior of ventral valve, an impression som()-

what distorted.................................................. 81 
9. Arenicolites duplex, n. sp., b, lateral view and a showing a transverse 

section across top of b, from the Portag'3 shales, Varysburg, N.Y... 46 
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IN DEI. 

(Figures in keavy Caee indicate the page on which the description occurs or important mention ia 
made.] 

A. 

Allegany County, sections and exposures in, ~0, 
S9. 

Chemung rocks of, 51. 
Portage rocks of, 51. 
faunas of northern, '13. 

Allorisma Winchclli, 88. 
Alton, Pa., exposures at, 102. 
Ambocrelia umbonata Hall, 56, 59, 74, 75, 76, 78, 80. 
Ambocrelia umbonata Hall, var., 60. 
Ambocrelia umbonata, var. recta, 56. 
Andrews, E. B., cited, 19. 
Aneroid, use of, in determining elevations, 53. 
~ptychus of Goniatites, 3'1. 

explanation of figures of, Pl. III, 11~. 
Aptychus of Goniatites 1 of G. uniangularis, 35. 
Aptychus 7 or Spathiocaris 1 (Clark), 35. 
.A.renicolites, defined, 46. 
Areuicolites duplex, n. sp., description of, 46. 

named, 47. 
explanation of figures of, Pl. IV, 116. 

Armstrong quarry, 63. 
Ashburner, C. A., cited, 12, 19, 100. 
Aspidichthys clavatus Newberry, 43. 
Athyris Angelica, 58, 61, 64, 65, 66, 67, 68, 69, 73, 74, 

Athyris Angelica fauna, 22. 
Athyris polita, 85. 

75, 84, 85, 92, 93, 95, 96. 

Attica, N.Y., exposures at, 31. 
Aulopora, sp., 77. 
A vicula, 34, 69. 
A viculopecten, 78. 
A viculopecten cancellatus, 67, 68. 
Aviculopecten, sp., 74. 
Aviculopecten, var., 64. 

B. 

Barrois, cited, 13. 
Beecher, C. E., cited, 18, note. 
Belfast, faunas of concretionary masses at, 'ftl. 
Belfast quarry, section, exposure, and altitude at, 

'f~. 

Belgium, Devonian series of Northern France 
and,13. 

Bellerophon, near B. Euclid, 7,, 
Bellerophon, sp., 68, 89. 
Bellerophon moora, 59, 74. 
Belmont, altitude and exposures at, 'JS. 

Bennington section, 4'1. 
Black Creek, altitude and exposures at, 'ft. 
Black shales, Ohio, 24. 

relation of, to the upper faunas, ~4. 
relation of Verticalis sandstone to, 4~. 

Bolivar, section, exposures, and altitude at, S9, 
90. 

Brachiopod fauna of Cuba sandstones, 64, 65, 66. 
Bradford, section and exposures at, 100. 

order of succession of faunas at, 101. 
Bryozoan in Contronella Red Band, 56. 

c. 
Calceola, 35. 
Caneadea, section, exposure, and altitude at, 'f ~. 
Caneadea Creek, dip along, 55. 

fauna of, 60. 
section at, 60 . 
lower part, section on, 'f'f. 

Carboniferous formation, variable nature of de­
posits preceding, 13. 

Carboniferous series, Portage group the base of 
the, 18. 

Cardiola, 35. 
Cardiola fauna, 22, 34. 
Cardiola speciosa, 33, 34, 37, 40, 4.2, 43, 50, 52, 80. 
Cardium, 41. 
Carll, John F., cited, 12, 19, 25. 
Catskill and Chemung rocks, relations of, 27. 
Catskill deposits in Western New York, 28. 
Cayuga Lake section, 23. 
Centronella Julia, 58, 59, 67. 
Centronella Red Band fauna, tl6. 
Ceriopora, sp., 65, 66, 67, 78, 96, 100. 
Chretetes, sp., 58, 68, 73, 74, 75, 76, 85. 
Champernowne, cited, 12. 
Chance, H. M., cited, 12, 19. 
Chautauqua County, sections examined in, 9. 
Chemung, transition to red and green shales from, 

Sol. 
(See, also, Upper Chemung.) 

Chemung fauna, 23, 24. 
strata following the, ~<l-~'f. 
period of, 28. 
lowest trace of, 49. 
tran&ition from the Portage to the, SO, 81, 
highest exposure of, 92. 

Chemung flags of Erie and Crawford Counties, 
19. 
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Chemung group, included in Carboniferous by 
Newberry, 18. 

in Pennsylvania and New York, 18, 19. 
Portage sandstones and the faunas of the 

51-82. ' 
Lingula shales in, '71. 
base of, '7 '7. 
fauna of Upper, 100. 

Chonetes, 34. 
Chon~tes lepida, 34, 43, 64. 
Chonetes scitula, 58, 64, 65, 66, 67, 68, 74, 84, 96. 
Cladochonus. 43, 80. 
Clarksville, exposures at, 83. 

altitude and exposures near, 86. 
Cleveland shale at Bedford, 24, 25. 
Coleolus acicula, 34, 37, 42, 50, 80 •. 
Coleolus (coleoprion) tenuicinctum, 80. 
Conglomerate, flat pebble, in New York, 21. 
Conglomerates, sandstone, 20. 
Conodont teeth, in Genesee shale, 32. 
Cook quarry, south of Olean, section, exposures, 

and altitude at, 9'7. 
Crania, sp., 56, 67, 74. 
Crenipecten, 78. 
Crenipecten crenulatus, 74. 
Crenipecten 11) impolitus, 65. -
Crenipecten obsoletus, 74. 
Crinoid stems, 37, 40, 56, 59, 64, 66, 68, 73,74-, 75, 76, 

96,100. 
Cryptonella, sp., 77. 
Crystal Brook, Warsaw, exposures at, 36. 
Cuba, fauna of Red Bands south of, 22. 

Lingulae in the olive shales at, 32. 
section, exposures, and altitude at, 63, '71. 

Cuba sandstones, 63. 
Cyrtoceros (1) Hector, 86. 
Cytherodon (Schizodus) pauper (1), 56. 

D. 
Dames, cited, 38. 
Paubree quarry, elevation of, 4'7. 
Dennis well, mentioned, 100. 
:Devonian, relations of, to Old Red Sandstone, 16. 

relation of eastern and western beds of, '10. 
Devonian age, discussion of the problem of the, 
· in Great Britain, 12. 

difficulty of settling termination of, 13. 
why chosen for investigation, 15. 

Devonian series of Northern France and Belgium, 
13. 

(See, also, Upper Devonian.) 
Dictyophyton, 77. 
Dipterus Alleganensis, 63. 
Dipterus (1) lrevis Newberry, 63, 89. 

explanation of figure of, Pl. III, 11~. 
Dipterus Nelsoni Newberry, 6~. 

explanation of figure of, Pl. III, 11~. 
Discina, sp., 64. 

E. 

Earl station, altitude at, 47. 
Eastern Hamilton fauna, 23. 
Edmondia (1) Philipi, 64. 
Entomis (7), 54-. 
Estheria, 54. 
Etheridge, cited, 12, 16. 
Euomphalus (!), 37. 
Euomphalus, sp., 60. 

F. 

Faunas, fruitfulness of study of, 13. 
geographic and chronologie relations of, 21. 
list of, 22. 
relation of, to character of deposits, 23. 
successive stages and changes, 2S. 

Ferruginous sandstone, fauna of, 22, 87. 
equivalent to sub-Olean conglomerate, 29-30. 

Fish remains among Chemung fossils, description 
of, 62. 

Fish scales, 77. 
Flat pebble conglomerate, 22, S3, 91. 
Forbesiocrinus communis, 74. 
France, Northern, and Belgium, Devonian series 

· of, 13. 
Friendship, exposures at, 77. 
Fucoid markings, 29, 59. 
Fucoides graphica, 47. 
Fucoides verticalis, 40, 42. 

G. 

Genesee County, examination in, 9. 
Genesee section, study of the, 9. 
Genesee shale and the Portage groups, faunas of, 

31-50. 
Glyptocardia-, name proposed by Hall forCardiola 

speclosa, 34, note. 
Glyptocardia speciosa Hall, 80. 
Goniatites, 34, 41, 50. 
Goniatites bicostatns, 40, 42, 80. 
Goniatites complanatus, 34, 40, 52. 
Goniatites Patersoni, 42. 
Goniatites uniangularis Conrad, 34-, 37. 
Goniophora Chemungensis, 67, 78, 86. 
Gosselet, cited, 13. 
Grammysia communis, 64, 78, 88, 100. 
Grammysia communis, var., 66. 
Grammysia elliptica, 79. 
Grammysia fauna of Cuba sandstones, 64. 
Grammysia subarcuata, 85, 88. 
Great Britain, discussion of the Devonian prob· 

lem in, 12. 
Great Valley, N. Y., section, altitude, and ex· 

posures at, 91. 
Guilford quarry, 63, 6~. 

H. 

Hall, James, cited, 12. 
on Upper Devonian, 16, 1 '1. 
on relation of Chemung to Carboniferous, 17, 18. 
on relation of the Chemung to the Waverly, 

18, note. 
proposes name Glyptocardia for Cardiola spe­

ciosa, 34, note. 
on Portage sandstones, 51. 

Holoptychius, 27, 89, 94. 
habitat of, 28. 
scales, 26, 101. 

Hyolithes, 34. 

I. 

Iowa Devonian fauna in New York deposits, 55. 
Ithaca fauna, 23. 

position of, 30. 
Ithaca group and its fauna, position of, St. 
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J. 

Java Center, altitude at, 49. 
Java Village, exposure in ravine east of, 49. 
Jukes, cited, 12. 

K. 

Kayser, Emanuel, cited, 13, 38. 
Kinzua Creek sandstone, 99. 

L. 

Lamellibranch fauna, 22. 
Lamellibranchs, description of two new, 31i. 
Leda diversa, 42. 
Leiorhynchus, 59, 61. 

fauna, 22, 30. 
Leiorhynchus, sp., 75. 
Leiorhynchus (1) globuliformis, 100. 
Leiorhynchus mesocostalis, :i6, 60, 61, 77. 
Leiorhynchus multicosta, 60, 61, 77, 80. 
Leiorhynchus sinuata, 60, 61. 

sinuatus, 56. 
Leperditia, 34, 54. 
Leperditia, sp., 35. 
Leptodesma, 34, 67, 69, 84, 91, 10!>, 101. 
Leptodesma, sp., 67, 84, 91. 
Leptodesma lichas, 86, 91, 
Leptodesma Mortoni, 68, 84, 85, 100, 101. 
Leptodesma Mortoni, var., 83. 
Leptodesma potens, 68, 96. 
Leptodesma sociale, 66, 67. 
Lesley, J.P., cited, 12, 18. 
Lingula, 64, 70, 77. 

modification of, 29. 
Lingula fauna, 68. 

of Chemung group, 22. 
of Genesee shales, 22. 
of Cuba sandstones, 64. 

Lingula Melie, 29, 31, 64. 
Lingula shales in the Chemung group, '11. 
Lingula spatulata, 29, 31, 33, 34, 35. 
Lingula subspatulata, 31. 
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McGee quarry, N.Y., section and altitude at, 49, 
:i~. 53. 

McKean County, examination in, 9. 
Meek, F. B., cited, 12. 
Miller, P., aid of, 77. 
Modiola prrecedens, 86, 89, 91. 
Modiomorpha, 68. 
Modiomorpha quadrula, 74. 
Modiomorpha subalata, 74. 
Mount Raub, outcrops on, 100. 
Mourlon, cited, 13. 
Murchison and Sedgwick, cited, 12. 
Myt.ilarca, sp., 78, 91. 
Mytilarca Chemungensis, 58, 67, 68, 74,84, 85, 89, 96. 

N. 
Naticopsis (1) sp., 53. 
Newberry, J. S., cited,12. 

on Ohio equivalent of the Chemung, 18. 
New York, sections examined in, 9. 

fiat pebble conglomerate in, .21. 
Western, shifting of faunas of, in Upper De· 

vonian time, 70. 
New York series, relation of Waverly to, 17. 
Nucula, n. sp., 56. 
Nucula, sp. (1), 74. 
Nucula corbuliformia, var., 43. 

0. 

Ohio, sections examined in, 9. 
order of deposits in, ~0. 

Old Red Sandstone discussed in Great Britain, 12. 
relations between Devonian and, 16. 

Olean section, altitude and exposures at, 9~. 
Olean and Rock City, section, exposures, and alti· 

tude at, 95. 
Olean conglomerate, 19, S3, 99, 101. 

defined, 26, 99. 
equivalent of, 103. 
altitudes of, 103. 

Olean-Garland-Ohio conglomerate, equivalency of, 
. 19. 

Little Genesee, section, altitude, and exposures Olean section, yellow sandstones of, 91i. 
Orthis, sp., 62. at, S'f. 

Loomis, J. V. D., aid of, 48. 
Loxonema (1), 35. 
Loxonema <J,elphicola (1), 35. 
Loxonema styliola, 74. 
Lucina Varysburgia, u. sp., 40, 43, 44. 

explanation of figure of, Pl. III, 11~. 
Lucina Wyomingensis, n. sp., 40, 43, 44. 

explanation of figure of, Pl. III, 11~. 
Lunulicar(lium fragile, 34, 38, 42. 

explanation of figures of, Pl. Ill, 11~. 
Lunulicardium levis, n. sp., 34, 37, 39, 40. 

explanation of figures of, Pl. Ill, 11~. 
Lunulicardium Munster, 38. 
Lyriopecten, sp. = 1 L. orbiculatus, 67. 
Lyriopecten orbiculatus, 67. 

M. 

Macoon quarry, 49. 
Macrodon Chemungensis, 74, 78. 
(1) Macrodon Chemungensis, 84. 
.Marshall group, A. Winchell on the, 17. 

Orthis impressa, 29, 57, 59, 60, 72, 73, 74, 75, 76, 79. 
Orthis Leonensis, 22, 67, 69, 74, 85. 
Orthis Michelini, 58, 59, 69. 
Orthis Tioga, 30, 74, 76, 80. 
Orthis Tulliensis, 29. 
Orthoceras, 35, 40, 42, 64, 78, 80, 89. 
Orthoceras, sp., 91. 
Orthoceras Demus, 59,86. 
Orthoceras pacator, 43, 64. 
Orton, cited, 12. 

P. 

Palreanatina typa, 86, 89, 91, 101. 
Palreoneilo, 41, 50, 61, 68, 70, 78. 
Palreoneilo, sp., 64, 67. 
Palreoneilo Bedfordensis, 68. 
Palreoneilo brevis, var., 67, 74. 
Palreoneiloplana, var., 52, 80. 
Palreoneilo plana, var. Varysburgia,41, 52, 80. 
Palreoniscus, 33 . 
Palreoniscus scales, 32, 34, 35. 
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122 INDEX. 

Pennsylvania geologists, views of, 1S, 20. 
Petroleum, occunences of, 19, 20, 76. 
Plant remains, 68, 96. 
Platystoma, sp., 74. 
Pleurotomaria, 34. 
Pleurotomaria, sp., 56, 65. 
Pleurotomaria capillaria, 35, 40, 42. 
Pleurotomaria filitexta, 67. 

· Portage, Cardiola fauna at, 30. 
Portage Falls, sandstones at, 24, 52. 
Portage fauna, 24, 30, 37, 52. 

transition to Chemung from the, SO, 81. 
Portage green shales, 45. 
Portage group, the base of the Carboniferous se­

ries, 18. 
faunas of the Genesee shale and the, 31-50. 

Portage sandstones, vertical fucoid markings in, 
how produced, 29. 

relation of, to faunas of the Chemung group, 
51-82. 

Portageville, section at, 51. 
Portville, section, altitude, and exposures at, 90. 
Portville conglomerate, fauna of, 91. 
Productella, 59, 65, 66, 69, 70, 74, 77. 
Productella, sp., 73. 
Productella acutirostra, 73, 100. 
Productella costatula, 58, 65, 66, 67. 
Productella costatula, var., 78, 84. 
Prouuctella hirsuta, 56, G8, 66, 74, 75, 76, 77, 79, 84. 
Productella hystricula, 95, 96. 
Productella lachrymosa, 57, 59. 
Productella lachrymosa, var., 76. 
Productella lachrymosa, var. lima, 100. 
Productella lachrymosa, var. stigmata, 61, 74. 
Productella onusta, 58, 65, 75. 
Productella rarispina, 74. 
Productella Shumardiana, var., 56. 
Productella speciosa, 56, 80. 
Prospiraxis (= Spiraxis Randalli, var. Newberry), 

name proposed, 86, note. 
Pterinea Goldfuss, classification of, 36. 
Pterinopecten, sp., 84. 
Pterinopecten Atticus, n. s., 33, 35, 37, ll2. 

explanation of figures of, Pl. III, 11~. 
Pterinopecten suborbicularis, 64, 74. 
Ptilophyton, 97. 
Ptychopteria, near P. Eugenia (= P. Salamanca 

Hall), 74. 
Ptychopteria (1) mesocostalis, n. sp., 35, 37. 

explanation of :figure of, Pl. III, 11~. 
Ptychopteria Salamanca Hall, 74. 

R. 

Randall, F. A., cited, 18, note. 
Raub, Mount, outcrops on, 100. 
Reed, W. T., aid of, 90. 
Rhenish Devonian, Emanuel Kayser cited on, 13. 
Rhodea, 97. 
Rhynchonella, 61, 87, 101. 
Rhynchonella, sp., 68, 76, 84. 
Rhynchonella Allegania, n. ap., 93. 

description of, S7, SS. 
explanation of figures of, Pl. IV, 116. 

Rhynchon~lla. (7) camerifera, 56. 

Rhynchonella contracts, 58, 59, 61, 64, 65, 66, G'i, 73, 
74, 75, 78, 79, 80, 83, 84, 85, 88, 89, 90, 91, 93, 95, 
96, 100. 

Rhynchonella contracta, var., 56, 58. 
Rhynchonella contracta, var. saxatilis .Hall, 58, 96. 
Rhynchonella duplicata, 65. 
Rhynchonella eximia Hall, 56. 
Rhynchonella m Sappho, var., 62, 74, 77. 
Rhynchonella Stephani, var., 61, 80. 
Richburg sands, 90. 
Rock City, defined, S7. 

section and exposures between Olean and, 97. 
Rock City conglomerate, upper, 99. 
Rockville, section, altitude, and exposures at, 73. 
Rominger, Carl, cited, 12. 
Rushford, section and altitude at, 55. 
Rushford sandstone fauna, 56-60. 

s. 
Salter, cited, 12. 
Sandstone, Old Red, relations between Devoniah 

and, 16. 
micaceous, 26. 
Cuba, 63. 

Sandstone (brownish red) fauna, 22. 
Sanguinolites, 64, 69. 
Sanguinolites clavulus, 68, 85, 96. 
Sanguinolites rigidus, 64, 65, 68, 74, 84, 96. 
Sauropterus Taylori, 101. 
Schizodus oblatus, 101. 
Schizodus rhombeus, 96. 
Schizodus rhombeus, var., 64. 
Sections, system used in marking, 10. 
Section 487 B. 95. 
Sedgwick, cited, 12. 
Shean excavation above Caneadea, 76. 
Sierk's station, section and altitude at, 48. 
Smith's quarry, 63. 

section at, 6~. 
Spathella typica Hall, 84. 
Spathiocaris (1), 35. 
Specimens, system used in marking, 10. 
Sphenotus clavulus Hall, 85, 8R, 90, 96. 
Sphenotus contractus Hall, 64, 65, 68, 74, 84. 
Spiraxis, 89. 
Spiraxis (1) major Newberry, S6. 
Spiraxis (1) Randalli, var. Newberry, 86. 
Spirifera, 28, 54, 101. 
Spirifera, sp., 84. 
Spirifera disjuncta;, 24, 56, 57, 58, 59, 64, 65, 66, 67, 68, 

69, 72, 73, 74, 77, 78, 84, 87, 88, 89,90, 93, 94, 95, 96, 
100, 101. 

fauna, 22. 
Spirifera disjuncta, var. like S. Whitneyi, 58. 
Spirifera mesocostalis, 56, 57,58, 59, 60, 61, 62, 72, 7&, 

74, 75, 76, 79, 80, 81. 
fauna, 22. 
modification of, 28. 
location of, 30. 

Spirifera Verneuili, occurrence of, below the Cleve­
land shale, 17. 

Spirifera (1) Whitneyi, 58. 
Spiriferina, 28. 

varietal modification of, 29. 
Spirophyton, 47, 48. 
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INDEX. 123 
Spirophyton cauda-galli, 45. 
Spirop!Jyton velum, 46. 
Sporangites, 23, 32, 33, 34, 35, 37, 39, 41, 47, 48. 
Stony Brook, exposures and fauna at, 41. 
Streptorbynchus, 57, 65. 

fauna of, 22. 
Streptorhynchus Chemungensis, 58,59, 62,64, 65, 66, 

Styliola, 34, 35 . . 
6f, 68, 69, 70, 74, 75, 76, 79. 

Styliola fissnrella, 34, 37. 
Sub.Qlean conglomerate, 19. 

equivalent to ferruginous sandstone, 29, 30. 

T. 

Tonawanda Creek, exposnres on, 31. 
Tonawanda Valley and Cu \>a Railroad quarry, 40. 

u. 

Ungulina suborbicularis, 44. 
Upper Chemung, order of deposits of, 69. 

sands and conglomerates of the, S3-104. 
characters marking the close of the, 95. 
fauna, 9i:i, 100. 

Upper Devonian, comparison of faunas of, 11. 
opinions on the classification of rocks and 

faunas of the, 15-20. 
various opinions regarding classification of, 

16-19. 
confusion in regard to fossils of, 18. 
arrangement of deposits of, 19. 
shifting of faunas with passage of, '10. 

Upper Portage group included in Carboniferous 

v. 
Varysburg, sections at, 39, 40. 

e~posures and fauna at, 41. 
Venango group in Chemung :flags, 18. 
Venango oil group, place of, ~~. 
Venango oil sands, 19. 
V erticalis borings, 42, 45, 46, 63, 
Verticalis sandstone, 4;'), 47, 

name proposed, ~9. 
named, 42. 
in Upper Portage, 43. 
relation to black shales, 43. 
relations of, 48. 

w. 

Warsaw, altitudes at, 36. 
Waverly group, relation of, to New York series, 

1'1. 
Winchell on position of, 17. 

Waverly sandstone in Pennsylvania and New 
York, 18. 

Wellsville, exposures and altitude at, 'f't'. 
White, C. A., cited, 12. 
White, I. C., cited, 12, 19, 25, 27, 103. 
Winchell, A., cited, 12. 

on the Marshall and Waverly groups, 1 '1. 
Wolf Creek, section and altitude at, S6. 
Wolf Creek conglomerate, S6. 
Woodward, H., cited, 38. 
Worm tracks, description of, 46. 
Worthen, A. H., cited, 12. 

by Newberry, 18. Wyoming Coupty1 Portage sandstones in, 51, 
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